
ABSTRACT 

MORIN, MEGAN P. The Value of a REU Program for an Engineering Community College 
Student’s Persistence and Continuation. (Under the direction of Dr. Aaron Clark and Dr. 
Cameron Denson) 
 

Undergraduate research experiences (URE) can help retain and support STEM 

undergraduate program persistence for underrepresented populations, women, and non-

traditional STEM students, such as community college students. Understanding their primary 

discipline, obtaining critical thinking skills, improving their communication skills, gaining 

networking opportunities, and increasing the probability of pursuing graduate education are some 

of the many benefits UREs can provide. Despite the impact of UREs, engineering community 

college students do not always have an opportunity to participate in them at their institution due 

to limited resources. An URE like the National Science Foundation–funded Research Experience 

for Undergraduate (REU) Program can be a significant intervention, particularly for community 

college students. The purpose of this study is to explore how a community college student 

experiences an URE and its influence on their motivation and values, including its influence on 

the completion of their engineering degree and persistence in an engineering career.  

The theoretical framework that provides this study's lens is Eccles' expectancy-value 

theory (EVT) with two primary beliefs: competence and value of achievement-related choices 

and behaviors. The idea is that achievement-related actions like vocational choices relate to 

individuals' expectations for success and the importance or value individuals attach to these 

options. A conceptual framework was creating applying the Eccles’ expectancy value theory to 

explain how the intervention of an REU Program can help community college persistence in an 

engineering program.  



This dissertation study is a phenomenological case study analyzing the influence of a 

Research Experience for Undergraduates (REU) Program on community college participants in 

three cohorts in 2017, 2018, and 2019 as well as their persistence in their engineering program 

and continuing into an engineering program. There were three sources of data: student created 

electronic portfolios, demographic survey, and semi-structured interviews. The electronic 

portfolios were collected during the REU experience of the participants. Ten participants 

completed the demographic survey and were interviewed two to four years after the experience 

to understand the impact of the program on their persistence in their engineering undergraduate 

program and continuation into an engineering career. The analysis included inductive and 

deductive thematic approaches. 

The findings show that the REU Program was able to influence interest, attainment and 

utility value, which in turn provided low cost values for the participants in the study. Students 

were able to identify their engineering interests, find significant utility in the characteristics of 

the REU Program, and identify with the engineering progression. Based on participants 

discussions, it is hard to determine whether these findings were specific to the community 

college students and if they influenced their persistence and continuation into engineering.  

The phenomenological case study demonstrates why these experiences need to be more 

readily available. Participants were able to identify their specific interests and disinterests, 

develop their identity, and gain benefits related to engineering. If correctly designed, these 

experiences can provide high impact with a very low cost. This study will also provide a starting 

point for future research into understanding if there is a difference in how a community college 

student and a four-year student use an undergraduate research experience in terms of their future 

opportunities and engineering career.  
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CHAPTER 1: INTRODUCTION 

Undergraduate research experiences (URE) may provide a solution to the call for more 

Science, Technology, Engineering, and Mathematics (STEM) professionals. The Council of 

Undergraduate Research defined these experiences as "inquiry or investigation conducted by an 

undergraduate student that makes an original intellectual or creative contribution to the 

discipline" (Council on Undergraduate Research, n.d.). In these experiences, students can 

develop expertise in a specific STEM area, participate in the research process, and acquire 

various professional skills like teamwork, communication, problem-solving, and critical thinking 

skills (Zydney, Bennett, Shahid, and Bauer, 2002). UREs can also help to retain students in 

STEM undergraduate programs. However, many students choose not to continue a STEM 

pathway due to lack of interest, academic difficulties, and perceived inability to succeed in the 

field (Wu, Fan, Arbona, & Rosa-Pohl, 2020). In 2012, the President's Council of Advisors on 

Science and Technology suggested that a focus on retaining more undergraduate students would 

be the lowest cost and fastest policy option to have the necessary number of STEM professionals 

the nation needs for economic and societal well-being without requiring additional resources and 

courses from institutions (PCAST, 2012). However, to consider the overall STEM workforce, 

faculty and other contributors interested in workforce recruitment and retention should consider 

persistence in their students’ STEM major and if those students pursue a STEM career. 

The National Academy of Science (NAS) has conducted extensive work to analyze the 

significance of diversity in the national STEM workforce and how STEM fields can broaden 

participation. Increasing participation is essential to remaining globally competitive and 

expanding economic prosperity (National Academies of Sciences, Engineering, and Medicine, 

2017). Early research experiences within the first two years are one of three recommended 
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interventions that can support persistence in STEM programs and increase confidence and 

motivation (Graham et al., 2013). The development of STEM motivation during the first two 

years of college is critical (Robinson, et al., 2019). The transitional period for shaping choices 

and behaviors can lead to academic and career choices (Robinson, et al., 2019).  

UREs can help retain and support STEM undergraduate program persistence for 

underrepresented populations, women, and non-traditional STEM students, who comprise 

approximately 70% of college students (PCAST, 2012). There has been an increased interest in 

STEM careers, mainly from historically underrepresented groups (National Academies of 

Sciences, Engineering, and Medicine, 2017). Accordingly, there has been a tremendous effort to 

diversify engineering over the last few decades, with some improvement. However, the number 

of STEM degrees awarded does not match the interest of these underrepresented groups. Instead, 

most of the degrees are awarded to White and Asian students (National Academies of Sciences, 

Engineering, and Medicine, 2017). According to Roy (2019), undergraduate engineering degrees 

earned by URM slightly increased, with Hispanic students earning 11.4% of bachelor’s degrees 

and Black/African American students earning 4.2% of bachelor's degrees. However, these are 

not significant changes.  

In a 2014 study, there were five factors that could significantly predict URM STEM 

persistence. The most significant factor was student participation in undergraduate research with 

a 17.38% increase in persistence likelihood (Chang et al., 2014). An underutilized population 

that can also provide access to diverse populations and increase the engineering workforce are 

community college students. Community colleges offer an untapped engineering population for 

undergraduate programs, particularly because they also include many other nontraditional 

student populations, including ethnic and racial minorities, women, first-generation students, 
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older adults, and students from lower socioeconomic sectors (Amelink et al., 2015). UREs can 

help to provide positive associations with self-efficacy, identity, and persistence in an 

engineering program. These benefits could significantly benefit community college participants 

and graduate more engineering professionals into the workforce (Hernandez et al., 2017). Even 

though UREs have gained increased attention as a successful intervention for persistence with 

PCAST reports and the National Academies, more research is needed. The goal of UREs is to 

increase participation and retention of STEM students, which is also associated with persistence 

in engineering degrees. The experience of working with a STEM professional confirms or 

clarifies students’ career pathways (National Academies of Sciences, Engineering, and Medicine, 

2017).   

Study Purpose 

Even though UREs are impactful to students, engineering community college students do 

not always have an opportunity for UREs at their institution because of resource limitations 

(Bangera & Brownell, 2014). For this reason, a R1 North Carolina university was awarded 

funding from the National Science Foundation (NSF) to support two Engineering Research 

Centers (ERC) that offer a Research for Experience Undergraduate (REU) Program. An REU 

Program is a ten-week, apprentice-style URE. In an apprentice-style URE, a small number of 

students work with an individual or small group of established scientists, technologists, 

engineers, or mathematicians on a research or design problem outside the classroom (National 

Academies of Science, Engineering, and Medicine, 2017). A REU site consists of ten or so 

undergraduates who work in the host institution's research programs (NSF, n.d.).  

The problem is research experiences are commonly hosted at four-year institutes, with 

some universities having numerous research experiences for students. However, at community 
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colleges, they are limited (Morin, Dayrizadeh, Booth, & Carpenter, 2019). Research experiences 

can provide immense benefits, including understanding their primary discipline, obtaining 

critical thinking skills, improving their communication skills, gaining networking opportunities, 

and increasing the probability of pursuing graduate education (Burkett, Dye, & Johnson, 2015). 

Undergraduate students, mainly community college students, may be interested in pursuing 

research but face barriers to participation. Bangera and Brownell (2014) describe these obstacles 

as a lack of awareness of current research opportunities, the benefits of UREs, and the cultural 

norms of research as well as intimidation of working with faculty. Pursuing research may also 

require students to live in on-campus housing, which may not be feasible due to personal 

obligations. 

These are obstacles for all undergraduate students, ones that are amplified for students at 

community colleges, which face additional barriers like limited financial resources and facilities. 

As UREs are recognized as a tool to recruit and retain students into STEM fields, there is still a 

limited amount of research available as described by the National Academies of Sciences, 

Engineering, and Medicine (2017) to break down these barriers. Another significant gap in 

research surrounding undergraduate research is knowing how many students participate in UREs. 

This data would impact the understanding of how many students persist because of that 

experience. Secondly, the way that UREs are implemented is exceptionally diverse, including the 

leadership, design, and duration (National Academies of Sciences, Engineering, and Medicine, 

2017).  Thirdly, the research must not only consider persistence in their major but their choice in 

career. Therefore, it is critical to understand what factors allow students to persist and continue 

in their career beyond their college degree (Jones et al, 2010).  
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This dissertation study is a phenomenological case study analyzing the influence on these 

REU participants and their persistence in their engineering program. In this study, the goal is to 

identify whether the REU Program was able to effectively assist in the completion of a 

community college participant’s engineering degree and how the REU program contributed to 

their undergraduate experience and their ability to persist. All REU participants who were 

participating were part of a four-year school or a 2+2 Program. McQuay (2000) describes the 

2+2 concept as when a student completes two years at the community college, typically 

completing 60-68 credits, and then transfers to a four-year institution (McQuay, 2000). A 

community college student can only receive an associate degree and must attend a four-year 

institution to receive a bachelor’s degree in engineering. The summer in which they participated 

was the “bridge” summer between the community college and the four-year institution. 

The goal of this specific REU program site is to increase and broaden participation of 

underrepresented students in engineering fields with an emphasis on energy. The ERC REU 

Program recognized their role to support and scaffold appropriately for the community college 

participants with various interventions of mentoring, professional, and technical development. 

The grant recruits’ students from minority-serving institutions, women's institutions, and 

community colleges without an engineering research program. Because of the grant and 

partnerships with local community colleges, this ERC REU Program was able to invite 

community college students to participate in the program and began purposefully recruiting from 

local community colleges for these summer experiences. According to Zhang and Ozuna (2015), 

by recruiting from community college students, UREs can provide opportunities for 

underrepresented populations, women, and others to meet the demand for STEM graduates and 

keep the United States globally competitive (Zhang and Ozuna, 2015). 
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The purpose of this study is to explain how a community college student experiences an 

URE and its influence on their motivation and values, including its influence on the completion 

of their engineering degree as they pursue and continue a career in engineering. Therefore, this 

REU Program’s implementation can demonstrate significant interventions within other UREs 

and other engineering programs and classes, particularly for 2+2 students. 

Theoretical Framework 

The theoretical framework that provides this study's lens is the Eccles' expectancy-value 

theory (EVT) with two primary beliefs: competence and value (Jones et al., 2010) of 

achievement-related choices and behaviors. Achievement is determined by an individual’s 

motivation, choice to engage in tasks, and their performance in the task. This theory was chosen 

to provide explanation for achievement-related actions like vocational choices relate to 

individuals' expectations for success and the importance or value individuals attach to these 

options (Eccles, 2005). EVT provides a comprehensive framework to understand an individuals' 

motivation to select and persist in specific educational tasks and occupational tasks (Wu et al., 

2020). Eccles initially proposed EVT of achievement-related choices and behaviors for the 

mathematics achievement domain (Wigfield & Eccles, 2000). Achievement-related behaviors 

like vocational choices would relate to an individuals' expectations for success and the 

importance or value individuals attach to these options (Eccles, 2005). Competence beliefs focus 

on the individual's abilities and asking, "Can I do this task?" compared to value beliefs, which 

analyze an individual's idea of the significance of a task and ask, "Do I want to do this task?" 

(Matusovich, Streveler, & Miller, 2010; Eccles, 2007). The expectancies and values influence 

performance directly. Therefore, competence and values determine an individuals' persistence in 

a field (Matusovich, Streveler, & Miller, 2010).   
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The competence beliefs or ability beliefs could also be described as the expectancies of 

success or the individual's perception of their current competence at a given activity 

(Matusovich, Streveler, & Miller, 2010; Eccles, 1983; Wigfield & Eccles, 2000). This is also 

known as Bandura's self-efficacy theory. According to Bandura's (1977) theory, there are four 

components of self-efficacy beliefs (Bandura, 1977). There are mastery experiences (past 

experiences that were successful or not), vicarious experiences (comparisons to peers), verbal 

persuasion (can say aloud that they will succeed), and psychological and useful states (further 

information about people's capabilities related to moods, feelings, and attitudes) (Parsons, Croft, 

& Harrson, 2011; Bandura, 1997). Eccles’ theory states that self-perception is a more vital 

determinant of individual performance and choice than outcome expectation (Wigfield & Eccles, 

2000). Eccles also observed that most other self-efficacy researchers tend to focus on the 

individuals' perception rather than comparison to others (Wigfield & Eccles, 2000; Bandura, 

1997; Pajares, 1996). The model is based on an individuals' perception of his or her abilities and 

not actual. 

Eccles believes that an individual’s values are a significant predictor for defining choices, 

such as course enrollment, college major, and occupational choice (Eccles, 2009). He also 

categorized these values into four types: interest value (enjoyment), utility value (usefulness), 

attainment (the connection between task and oneself), and cost (negative experience) of the task 

or activity (Matusovich, Streveler, & Miller, 2010; Eccles, 2005). Wigfield & Eccles (2000) 

describes each of these tasks as follows:  

Interest value is similar to intrinsic motivation. When an individual enjoys a task, there is 

a positive psychological impact. This activity becomes something that the individual engages in 
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and becomes part of their identity and concept of self. Over time, this may become more valued 

because the activity became more of an attainment value (Eccles, 2009).  

Utility value relates to the usefulness of a task to their future (ex. a math course can fulfill 

a science degree requirement). It is similar to attainment, but the difference is that it is valuable 

because it assists in fulfilling a requirement or need in service of a greater goal (Wigfield & 

Eccles, 2000).   

Attainment value can be described as part of collective and personal identities. This value 

is how one creates an image of self with different factors like conception of personality and 

capabilities, long-term goals and plans, and social roles schema. An individual’s central 

components of self-play a significant role in which career they pursue (Eccles, 2009). Attainment 

value can be defined as the importance of doing well on a given task (Wigfield & Eccles, 2000).  

The final component of Eccles' EVT framework is cost. This relates to a decision to 

engage in one activity and limits access to another. Wigfield & Eccles' (2000) example is that 

doing schoolwork will prohibit you from social activities like seeing friends. The cost can be 

influenced by anxiety, fear of failure, fear of the social consequences of success, and loss of time 

and energy for other activities (Eccles, 2009). Most of the work of Eccles focuses on interest, 

utility, and attainment. In this study, the conceptual framework categorizes the first three values 

as task values and separately organize cost concerning persistence.  

Some constructs within the framework have been found to be differentially predictive of 

persistence. For example, expectancies for success are highly sensitive to students' actual 

successes and failures, while values and cost beliefs are more likely to be shaped by these factors 

(Robinson et al., 2019). 
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Conceptual Framework 

This study will focus specifically on EVT’s task values (utility, attainment, interest, and 

cost values), rather than the competence beliefs, because of the direct influence on persistence 

and achievement (Ball et al., 2009). According to Creswell & Creswell (2017), the conceptual 

framework is a rationale to explain or predict the phenomena occurring.  

Framework Development 

There have only been a few studies in which researchers have looked at the value 

constructs and the factors of persistence in engineering. Engineering students’ value-related 

beliefs are studied less than competence beliefs, particularly for special populations (Matusovich, 

Streveler, and Miller, 2010). Therefore, this study provided more information for interventions to 

support persistence during their program and beyond. Matusovich, Streveler, and Miller's (2010) 

study, as described in "Why Do Students Choose Engineering: A Qualitative, Longitudinal 

Investigation of Students' Motivational Values," influenced the design of the conceptual 

framework, combining Eccles' EVT and aligning it with persistence in engineering, as described 

Figure 1.1. Matusovich, Streveler, and Miller (2010)’s description of undergraduate engineering degree 
persistence (Matusovich, Streveler, Miller, 2010, p. 290). 
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in Figure 1.1. In their framework, competence beliefs and task value beliefs are the major 

contributors to an individual's persistence in a field (Matusovich, Streveler, & Miller, 2010). In 

their study, they use both constructs of competence beliefs and task values. The framing of their 

study influenced the design of the conceptual framework, combining Eccles' EVT and aligning it 

with persistence in engineering, as described in Figure 1.1.  

Their research addressed, "How do engineering students' engineering-related value 

beliefs contribute to their choices to engage and persist in earning engineering degrees?" The 

study acknowledged the lack of research on how and why students choose to enter and persist in 

earning engineering degrees, particularly the gender gap disparity in persistence in engineering 

undergraduate programs. In their study, they examined persistence through the motivation and 

EVT lens. Another research gap addressed in the study is how persistence in engineering has 

been experienced through the students' perspective, and less about persistence happens. The third 

gap of research is the lack of EVT research focusing on task values. The study helped build the 

conceptual framework and the methodology, specifically the focus of the task values and the 

definitions of the four task values related to engineering. 

Two other articles that supported the conceptual framework development were Jones et 

al. (2010) and Wu et al. (2020). Jones et al. (2010) provided another example of EVT, and 

motivation used in engineering. Jones et al. also recognized the significant need for more 

research about engineering persistence and engineering values. In their study, they explored how 

students select engineering jobs after graduation, the gender disparity in engineering persistence, 

and the relationship between motivational constructs. Their research design focused on 

engineering values and continuation into an engineering career attributed the conceptual 

framework.  
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Wu et al. (2020) demonstrated similarities to Matusovich, Steveler, and Miller (2010) and 

Jones et al. (2010). Their study also aimed to examine the relative contribution of subjective task 

values to engineering students' choices and plans regarding persistence to degree attainment and 

post-graduation commitment to the field. Wu et al. (2020) describes task values the likelihood 

that an individual will “engage in activities, behaviors, and tasks that they value and that they 

deem consistent with their sense of self and goals” (Wu et al, 2020, p. 153).  

As addressed by the three previous studies, task values were directly linked to vocational 

choices for persistence and less studied. Competence values have been more widely studied, 

which is why this will not be included in the study. 

Task Values 

In this conceptual framework, task values include attainment, intrinsic, and utility values 

and cost are described independently. High task values (attainment, intrinsic, utility) and low 

cost as described in the conceptual framework means that the URE provided significant 

experiences that would contribute to persistence in engineering.  

As described in Figure 1.2, the conceptual framework applied the EVT to explain how 

the intervention of an REU Program can help community college persistence in an engineering 

program. The ERC REU Program created a holistic program in which students engaged in 

various activities and not just a research project. The program focused on developing the 

necessary research, technical, and professional skills to continue in their engineering program 

and beyond. characteristics that influence these values to attribute to persistence in an 

engineering undergraduate program and continuation into engineering to provide a successful 

intervention in engineering persistence and continue a career  
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REU Program Activities 

The program included specialized labs, public speakers, professional development, 

multidisciplinary, and a “graduate school boot camp.” Motivation is frequently studied in the 

expectancy-value theory, particularly the constructs of competence beliefs. As demonstrated in 

the following activities and tasks: 

Technical Labs - During the duration of the program, there were four one-hour hands-on 

technical labs to ensure everyone had the necessary background knowledge to be successful in 

their URE. Topics included MATLAB/programming, electrical circuits, electric vehicles, and 

 

Figure 1.2. The conceptual framework of this study related to the theoretical framework of Eccles’ 
EVT and the impact of UREs on persistence in engineering. 



  13 

 

SolidWorks. Additionally, students were engaged in a half-day workshop related to an emerging 

technology, wideband gap semiconductors. These specific labs were created for the community 

college participants (Morin, Veety, & Carpenter, 2019).  

Public Speakers - Throughout the ERC REU program, REUs would hear from various 

speakers in industry and academia on topics related to research, skill development, and 

professional development for life after graduation. Topics included applying for graduate school, 

diversity and inclusivity, cybersecurity, applying for an NSF fellowship, and the evaluation of 

engineering. These sessions were designed to support students as an engineering graduate and as 

a practicing engineer (Morin, Dayrizadeh, Booth, & Carpenter, 2019). 

Professional Development - The REU cohorts met weekly with the Program Coordinator 

and/or Education Director as a “check-in”, but also included presentations about writing a 

literature review, presenting a perfect pitch, creating a research poster, creating a LinkedIn page, 

and networking in formal and informal settings (Booth, Morin, Dayerizadeh, & Carpenter, 

2019).  

Multidisciplinary – The ERC research projects included knowledge in other disciplines in 

engineering. As this was a joint REU site, there were weekly meetings in which students 

collaborated with students in other REU Programs to learn about their engineering discipline 

(Morin, Veety, & Carpenter, 2019).  

Graduate School Boot Camp - The speakers and professional sessions were designed to 

prepare students to apply and pursue graduate school as this is one of NSF’s purposes for REU 

Programs. Even though not all students go to graduate school following, the program was 

designed to equip students with the necessary knowledge to apply, find funding, and be able to 

pursue a graduate degree if desired. Additionally, graduate students from the ERC would speak 
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and support students to help encourage them to pursue it if they were interested and not to be 

intimidated (Morin, Dayrizadeh, Booth, & Carpenter, 2019).  

Learning new knowledge - REUs were learning in a formal and informal manner. During 

research, they were learning content necessary to complete the project. But also, in technical and 

professional sessions, students were participating in formal activities/lessons to gain the 

necessary skills to conduct research (Morin, Dayrizadeh, Booth, & Carpenter, 2019). 

Hands-on pedagogies - While conducting research and participating in technical and 

professional sessions, students were engaged in a variety of instructional methods like project-

based, and active learning techniques (Morin, Dayrizadeh, Booth, & Carpenter, 2019). 

Real-world impact - REUs were all part of real-world projects from the ERC in which 

they were contributing to a larger research goal and matched to a project of their interest (Morin, 

Dayrizadeh, Booth, & Carpenter, 2019). 

Mentorship/peer collaboration – REUs were all assigned a Primary Investigator (PI) and 

graduate mentor who supported the student in day-to-day research tasks. The graduate mentor 

was the primary support as they would scaffold or contingent support from a more capable other 

(Belland, et al., 2017; Wood, Bruner, & Ross, 1976). Additionally, students were part of a small 

research group within the summer REU cohort in which they collaborated and worked together 

to address various problems for their research. 

Positive feedback - The PI, graduate mentor, and Education and Workforce team at the 

ERC were all part of the REU support system through the experience. Each provided feedback, 

but especially positive encouragement (Morin, Dayrizadeh, Booth, & Carpenter, 2019). Research 

can be an ill-defined messy process that can be overwhelming to an undergraduate student 

(Morin, Dayrizadeh, Booth, & Carpenter, 2019).   
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Self-discovery - During this process, REUs learn about their capability and identity within 

the STEM field. A graduate mentor becomes a role model for these students and an opportunity 

to engage in the field (National Academy of Sciences, Engineering, and Medicine, 2017).  

Research Questions 

The research study will provide an explanation to how a community college student 

experiences an URE and its influence on their motivation and values, including its influence on 

the completion of their engineering degree as they pursue and continue a career in engineering. 

This study's overarching question asks: "How does an undergraduate research experience 

influence a community college student’s persistence and continuation in engineering?" In 

particular, the research presented in this study addresses three research questions: 

Research Question #1: What did community college students perceive as the values and 

costs of participating in an undergraduate research experience?   

Research Question #2: What aspects of the REU program did participants value?   

Definition of Terms 

● STEM: Science, Technology, Engineering, and Mathematics (Bybee, 2013). 

● STEM Education: Science, Technology, Engineering, and Mathematics Education is the 

ability for all students to learn to apply basic content and practices of the STEM disciplines 

to situations they encounter in life (Bybee, 2013, p. 5). 

● STEM Pipeline: The trajectory to a STEM degree or career often referred from researchers 

and policy makers (Cannady, Greenwald, & Harris, 2014). 

● Community College: A postsecondary institution that offers associate degree programs as 

well as technical and vocational programs, also known as junior colleges. These community 

colleges provide affordable postsecondary education that can be a pathway to a four-year 
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degree. These institutions also provide workforce development and skills training as well as a 

range of noncredit programs (Homeland Security, 2012). 

● Four-Year Institute/College: A postsecondary institution that provides an undergraduate 

education and, in some cases, master's and doctorate degrees. College, in a separate sense, is 

a division of a university (The U.S. Educational System, 2020). 

● Self-Efficacy: beliefs in one’s capability to organize and execute the courses of action 

required to produce given attainments (Bandura, 1997).  

● Persistence in engineering: Students who graduate in engineering (Matusovich, Streveler, & 

Miller, 2010). 

● Expectancy Value Theory: Choices to engage in activities are shaped by competence and 

value beliefs (Matusovich, Streveer, & Miller, 2010; Eccles, 1983). 

● Task Value: An individual’s values are the major predictor for defining choices, such as 

course enrollment, college major, and occupational choice (Eccles, 2009). 

● Competence Beliefs: The expectancies of success or the individual’s perception of his or her 

current competence at a given activity (Matusovich, Streveler, & Miller, 2010; Eccles, 1983; 

Wigfield & Eccles, 2000). 

● Cost: A decision to engage in one activity, which limits the access to another (Wigfield & 

Eccles, 2005). 

● Undergraduate Research Experiences: meaningful opportunity for undergraduates to learn 

about the work and perspectives of science, technology, engineering, and mathematics 

(STEM) researchers (National Academies of Sciences, Engineering, and Medicine, 2017, p. 

11).  

● Research Experience for Undergraduates (REU) Program: A National Science Foundation 
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(NSF)–supported project across STEM disciplines that allows students to spend their summer 

in a laboratory or at a field site conducting research in their desired discipline (National 

Academies of Sciences, Engineering, and Medicine, 2017, p. 43). 

● Underrepresented minorities (URM): African American, Hispanic Americans, American 

Indians, and Alaska Natives (Commission on the Advancement of Women and Minorities in 

Science, Engineering, and Technology Development (CAUMSETT)) (NSF, n.d.). 

Study Significance 

The PCAST report has been a driving force for undergraduate research experiences 

(URE). In this report, "Engage to Excel: Producing One Million Additional College graduates 

with degrees in Science, Technology, Engineering, and Mathematics," the second of five 

recommendations is to "advocate and provide support for replacing standard laboratory courses 

with discovery-based research courses" for science, technology, engineering, and mathematics 

(STEM) students (PCAST, 2012, p. ii). PCAST was not the only national call. The National 

Academies of Sciences, Engineering, and Medicine also wrote a report to "design, evaluate, and 

study UREs, based on the review of available research evidence and taking into account the 

needs and resources of colleges and universities" (National Academies of Sciences, Engineering, 

and Medicine, 2017, p. 19). This report also called on various types of research and made 

recommendations for future research: "Future studies should seek to identify and measure the 

variables that explain why specific aspects of UREs have an impact (or not) on the students who 

participate in a URE. Researchers should consider a range of student outcomes. The number of 

URE participants, the duration of the experience, and the timing of those experiences within the 

student's undergraduate education” (National Academies of Science, Engineering, and Medicine, 

2017, p. 173). This study addresses two of the three recommendations. 
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The significance of this study is the timing for these community college students, who 

completed their URE during the summer between their transfer from a community college to a 

four-year institution. Community college participants are at an increased risk for retention due to 

transfer shock (Hills, 1965). They may also lack the technical skills necessary to understand the 

discipline (Morin & Dayerizadeh, 2020). They already lack a sense of belonging and overcome 

stereotype threat (Shaw, Spink, & Chin-Newman, 2019). This study informs the impacts on 

community college students participating in an REU program and how it can help support 

persistence in 2+2 engineering undergraduate students. Additionally, as described earlier, to 

understand what contributes to students’ degree completion and continuation of an engineering 

career, one must identify what experiences were valuable. 

A recommendation provided by the National Academies of Sciences, Engineering, and 

Medicine states, "future studies should systematically analyze the impact that various 

characteristics of UREs have on different student populations, to better identify what works for 

whom and under what conditions" (National Academies of Sciences, Engineering, and Medicine, 

2017, p. 175). Additionally, the National Academies of Sciences, Engineering, and Medicine 

(2017) suggest that these studies are informed by prior research, theoretical frameworks, and 

policy. This study is based on national reports and policy, a theoretical framework, and previous 

research on UREs and this program. The community college population already plays a pivotal 

role in undergraduate education as 50% of all college students who earn a STEM bachelor's 

degree begin their undergraduate education at a community college (Leggett-Robinson & 

Mooring, 2015). Even though there is existing research on UREs, there is limited information on 

its impact on community college participants' persistence and continuation in STEM. An 

undergraduate research experience's goals are to increase participation and retention of STEM 
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students, promote STEM disciplinary knowledge and practices, and integrate students into 

STEM culture (National Academies of Sciences, Engineering, and Medicine, 2017, p. 71). This 

dissertation provides more insight into how this program impacted the community college 

participants in the 2017, 2018, and 2019 REU Program.  

Methodological Overview 

This study uses a qualitative phenomenological case study to share the perspective and 

experiences of these participants and inform URE future programming. A case study can be 

described as an empirical inquiry investigating a contemporary phenomenon within its real-life 

context. In this phenomenological case study, the data is gathered to examine the ERC during 

their 2017, 2018, and 2019 REU Program, which included 25%+ community college 

participation throughout. 

Setting 

The REU under study is housed within an ERC located in North Carolina, within a public 

R1 university which has 36,000 undergraduate and graduate students. The ERC’s research 

focuses on engineering-related topics, including the smart grid, electric vehicles, and the solid-

state transformer. The ERC in which the REU is situated is NSF-funded as described previously. 

Participants  

The participants were community college students from summers 2017, 2018, and 2019 

REU Programs. There was a total of 35 REU participants for these three programs. There were 

23 participants who were attending a four-year school and 12 participants attending a community 

college program prior to the program. There were many community college participants (34%) 

during these years because of the awarded NSF REU Program grant. All 12 community college  
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 Table 1.1. Summary of community college participants. 

 

participants were transferring to a four-year institute that consecutive fall semester. All were 

rising juniors. All 12 community college participants were eligible for participation in the study. 

Eligibility included participation in a 2+2 engineering program and participating in the summer 

between their transfer. As mentioned, a 2+2 engineering program requires students to complete 

two years at the community college, and then transfers to a four-year institution to complete their 

degree (McQuay, 2000).   

Of the 12 eligible REUs, there were ten participants (see Table 1.1). Two participants 

identified as female (20%), and eight identified as male (80%). Half of the participants were 

White (50%), two participants identified as Hispanic or Latinx (20%), one participant as Asian 

(10%), and one participant as Black or African American (10%). The participants attended North 

Carolina public university #1 (n=5), North Carolina public university #2 (n=2), North Carolina 

public university #3 (n=1), a Massachusetts public university (n=1), and an Arizona public 

REU 
Program 

Total 
REUs 
(n=35) 

Community 
College 
REUs 

(% of total) 

Participants’ Home 
Community College 

Participants’ Transfer Four-
Year Institution 

2017 14 3 (21.4%) Community College 1 North Carolina public 
university #1, North Carolina 
public university #2, 
Massachusetts public 
university 
 

2018 12 4 (25%) Community College 1 North Carolina public 
university #1, Arizona public 
university 
 

2019 9 5 (56%) Community College 
1, Community 
College 2 

North Carolina public 
university #1, North Carolina 
public university #2, North 
Carolina public university #3 
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university (n=1). As shared, the ERC is located at North Carolina public institution #1. All 

students are majoring in or have received a bachelor’s degree in engineering, specifically 

Computer and Electrical Engineering (n=3), Computer Science (n=3), Mechanical Engineering 

(n=2), Aerospace Engineering (n=1), and Civil Engineering (n=1). All participants have received 

a degree in engineering (40%) or plan to complete a degree in engineering (60%). 

Data Collection 

In this qualitative study, data were collected through e-portfolios, demographic survey, 

and interviews to provide insight into the program's impact onto the students. Students created e-

portfolios from the 2018 and 2019 Programs. Each participant created an e-portfolio with ten 

entries of meaningful and impactful experiences to understand their day-to-day life, using the 

platform Portfolium. In these e-portfolio entries, participants selected artifacts and wrote a 

reflection associated with the artifact. The Education and Workforce Team directed students to 

provide detailed information about their experience, describing how that experience was 

valuable, how it was significant, and the impact onto the students. The e-portfolios are an 

important source of information, providing insight and experience through the eyes of the 

participants to how their task values were influences and the impact onto their persistence in an 

engineering program and continuation into an engineering career. 

The demographic survey will provide information to characterize participants. All 

information collected is self-reported including ethnicity, gender, community college, and four-

year school. 

The in-depth semi-structured interviews are the primary source in this study. The 

interviews included three parts that presented questions surrounding their experiences in K-20 

education, the REU Program, and their current or future careers. The interview data provided the 



  22 

 

most valuable components of the REU Program and how that impacted task values: attainment, 

utility, interest, and cost to persist in an engineering program and continue into an engineering 

disciplined career. The interviews were able to confirm their plan to complete their engineering 

program, and if they intend to continue into the field.  

The researcher conducted ten interviews until the point of saturation was reached as 

described by Creswell & Creswell (2017). The one-hour interviews were conducted, and audio 

recorded only via Zoom. These interviews were undertaken virtually as students are no longer 

local and because of the COVID-19 pandemic.  

Data Analysis 

The researcher implemented the data analysis with considerations of phenomenological 

and case study approaches. As in qualitative research, it is not a linear process; the data 

collection and analysis occurred simultaneously (Creswell & Creswell, 2017). The data 

collection and analysis process included data preparation, data analysis/synthesis of each data 

source, comparing the data sources and providing assertions and generalizations.  

There was data preparation necessary for each data source The e-portfolio entries were 

inserted into the Google Sheets application on Google Drive. The demographic results were 

downloaded from Qualtrics into a Google Sheets application on Google Drive. The file was then 

uploaded to Google Drive. Finally, the interview recordings were downloaded, then uploaded to 

the transcription service, Temi. Once transcribed, the files were downloaded and uploaded to 

Google Drive and NVivo to prepare for analysis.  

E-portfolios were first analyzed by reading through the entries initially. Key statements 

were organized by prior codes or using deductive approaches for each of the four task values 

(Miles, Huberman, and Saldaäna, 2019). Next, each activity or task was inductively categorized 
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by specific components or activities of the REU program. Finally, each activity or task was 

inductively coded by the influences of that task onto the participant’s persistence in an 

engineering program and continuation into an engineering field. For the hashtags and skills, they 

were not categorized by activity or task, but summarized by the benefit as detailed in Chapter 3. 

Next, the demographic survey data was summarized using Google Sheets by the number 

and percentage of participants who identified with each age range during the REU Program and 

during the interview, gender, ethnicity, community college, four-year school, and major. 

Students also self-reported if they were or are planning to complete a degree in engineering and 

if they were or are planning on continuing into a career in engineering.  

Finally, the interviews were analyzed in a similar approach as the e-portfolios. First, key 

statements were organized by the four task values. For each task value, key statements and words 

were deductively categorized by the environment in which the activity took place (the REU 

Program, K-20 education, engineering career). These deductive codes were coded on a second 

cycle of coding review. These codes were inductively found through preliminary coding. 

Inductive coding are themes that emerge progressively through the results (Miles, Huberman, 

Saldana, 2019, p. 74). Next, each activity or task was inductively categorized. Finally, each 

activity or task was inductively coded by the influences. For the hashtags and skills, they were 

not categorized by activity or task, but summarized by the influence onto the students’ 

engineering values. 

The generalizations and assertions required summarization of the overall findings, 

comparing the results to the literature, discussing a personal view of the findings, and stating 

limitations and future research mainly related to the literature and theories (Creswell & Creswell, 

2017). The analysis was used to respond to the two research questions.  
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Chapter Summary 

Undergraduate research experiences have been recognized as being a significant part of 

an undergraduate experience, providing an opportunity for students to apply what they have 

learned. UREs allow students to work with a STEM professional during their undergraduate 

experience and actively construct knowledge through this conceptual understanding (National 

Academies of Sciences, Engineering, and Medicine, 2017). Providing these meaningful 

experiences to community college students no longer becomes an exclusive opportunity but an 

inclusive opportunity. These populations (underrepresented groups, women, first-generation 

students) already face barriers and obstacles, including gatekeepers. The PCAST report 

emphasized these "authentic STEM experiences" as an essential component of retaining students 

in the field and moving away from traditional learning approaches (National Academies of 

Sciences, Engineering, and Medicine, 2016). There is a need to provide all the necessary support 

and resources to continue to retain these valuable students for their pathway. This dissertation 

provides information and insight on how that can be implemented. 

This study explores the influence of an REU Program over three years on community 

college students' persistence and continuation into an engineering career. Chapter 2 is a detailed 

literature review related to engineering undergraduate pathways, community colleges and their 

students, persistence, continuation, and undergraduate research experiences. In Chapter 3, the 

researcher details the methodology of this phenomenological case study, including research 

design, settings and participants, instruments and procedures, data collection and analysis, 

trustworthiness, ethical considerations, and limitations. Chapter 4 describes the findings of this 

study, including the results and identified themes. Finally, Chapter 5 provides a discussion and 

conclusion to the research questions. 
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CHAPTER 2: LITERATURE REVIEW 

Introduction 

According to Knight and Novoselich (2017), "engineers are among the nation's most 

well-equipped problem solvers. With increasingly more complex problems embedded within an 

expanding technology-driven environment, there is a greater need for individuals who have the 

technical expertise and who can develop sustainable, workable solutions to serve in leadership 

positions” (Knight and Novoselich, 2017, p. 44). Undergraduate research programs can address 

these needs, helping engineering students develop critical-thinking skills and enhance their 

ability to problem-solve in their cognitive expertise. Undergraduate research programs like the 

National Science Foundation–funded Research Experience for Undergraduates (REU) Program 

are designed to develop undergraduate students and teach them necessary skills. UREs foster 

constructivism approaches to support their values for persistence and continuation in engineering 

and other STEM-related fields. 

At most four-year institutions, research experiences are expected, with some universities 

hosting numerous types of research experiences for students. However, at community colleges, 

these types of programs are non-existent. Research experiences can provide immense benefits, 

including a deeper understanding of the primary discipline, improving critical thinking and 

communication skills, gaining networking opportunities, and increasing the probability of 

pursuing graduate education (Burkett, Dye, & Johnson, 2015). UREs can provide opportunities 

to underrepresented populations, women, and others and meet the demand for science, 

technology, engineering, and mathematics (STEM) graduates who will keep the United States 

globally competitive (PCAST, 2012). 
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STEM 

Science, technology, engineering, and mathematics, also known as STEM education, 

have become popular buzzwords, representing concepts that various U.S. stakeholders believe 

are key to expanding the workforce (Breiner et al., 2012). Policymakers have associated 

economic success with scientists and engineers (Baker et al., 2015). The economy is powered by 

developing innovative and highly valued products and services through technology-based tools 

(Amelink, Artis, & Liu, 2005). However, undergraduate programs have faced challenges in 

recruiting and retaining students in the STEM fields. To understand today's challenges is to 

understand the history, purpose, trajectory, and future of STEM Education. 

The history of STEM education first gained recognition when the Soviet Union sent 

Sputnik into orbit. As the United States realized that we were trailing in scientific innovation, 

policymakers and educators believed that education reform was needed to address this issue 

(Bybee, 2013). Classrooms followed a traditional, direct instructional culture where the teacher 

lacked engaging practices. In response, President Kennedy challenged Americans to refocus on 

science and technology, with the ultimately goal of safely sending a person to the moon (Bybee, 

2013). Following this, many education reformers like John Dewey and Jerome Bruner shared 

their best practice student-centered approaches to improve science and technology instruction in 

schools. Many educators pushed back against this approach arguing it was unscalable and 

required too many resources. Additionally, there was not enough support for student-centered 

approaches within schools (Bybee, 2013). 

In the 2000s, President Obama reignited awareness of the demand for STEM 

professionals and the necessary technical skills and professional skills these professionals 

require. In 2012, the Obama administration published a report by the President's Council of 
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Advisors on Science and Technology (PCAST), "Engage to Excel: Producing One Million 

Additional College Graduates with Degrees in Science, Technology, Engineering, and 

Mathematics." After finding that fewer than 40% of students who enter college intending to 

major in a STEM field complete a degree, Obama called all stakeholders to action and took the 

necessary steps to address this shocking statistic (PCAST, 2012). Additionally, the PCAST 

report projected that approximately one million additional STEM professionals were needed for 

"the country is to retain its historical preeminence in science and technology" (PCAST, 2012, p. 

i). To meet this call, STEM undergraduates would need to increase by 34%. 

Addressing this need requires understanding the purpose of STEM education, which is 

designed to give students the "knowledge, attitudes, and skills to identify questions and problems 

in life situations." Additionally, students understand the features of different STEM disciplines 

and how these disciplines shape the material, intellectual, and cultural environments. These 

objectives foster a willingness of students to engage in STEM-related issues (Bybee, 2013). 

Students must have experiences to apply knowledge and skills gained within their STEM 

education. The PCAST report described the significance of STEM education and how it would 

help determine whether the United States can remain a leader among nations to tackle our 

world's most significant challenges (PCAST, 2012). STEM education's focus also changed as 

high-demand jobs began requiring different skills. An emphasis on developing 21st-century 

skills emerged, called professional skills or "soft skills" (Bybee, 2013). These skills can include 

ethics (ethical responsibility, moral values), teamwork (communication, responsibility, 

collaboration), global awareness (awareness of global trends, valuing diversity), and creative 

problem solving (innovative salutations, alternative strategies) (Kulturel-Konak, et al., 2013). 
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Ideally, STEM education would provide a clear path to a career in STEM. The term 

"STEM pipeline" was created to describe a STEM degree or career trajectory. The problem with 

this metaphor is that the concept of the STEM pipeline describes a linear path into this career, 

which is not the case (Cannady, Greenwald, & Harris, 2014). Along the way, there are various 

milestones, such as high school graduation, college entrance, majoring in STEM, and graduating 

from college with a STEM degree are not inclusive to all. The question that policymakers and 

stakeholders are trying to answer is how to prevent losing students and increase the number of 

students who graduate in STEM fields. There is a need for leadership--from the President of the 

United States to the presidents of colleges and universities as well as business leaders--to 

"encourage and support the creation of well-aligned incentives for transforming and sustaining 

STEM learning" (PCAST, 2012, p. ii).  

PCAST (2012) provided three strategies to address the leaky pipeline problem in the U.S. 

The recommended methods included adjusting STEM teaching strategies, giving students tools 

to be successful, and diversifying pathways to STEM degrees. However, the PCAST recognized 

various reasons why these methods are not being implemented, including institutional and 

individual barriers, the faculty's lack of evidence-based teaching, limited resources, and how 

students are burdened by grading and workloads. These challenges impact students differently 

depending on if they are pursuing their degree at a community college or four-year institution. 

Stakeholders have tried different initiatives to expand the workforce, unfortunately, many 

obstacles in the STEM pathway persistence for students, particularly in engineering education. 

Engineering Education 

Engineering education has evolved differently to meet the workforce's demands, face the 

challenges of innovation, and meet industry and graduate school needs. There is a strong interest 
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in revising undergraduate engineering curricula and learning experiences to integrate learning 

pedagogies that sustain changes (Guerra, 2017). Engineering education has aimed to be socially 

connected and interdisciplinary (Van den Beemt et al., 2020). Through various attempts to 

recruit, retain, and support students in engineering, stakeholders have identified some successful 

and some less successful interventions. For instance, some reports and policies initially pushed 

for more science and math classes, expecting that would ultimately lead to a higher achievement 

score (Maltese & Tai, 2011). Faculty’s unresponsive and uncaring nature in students’ STEM 

courses can be an early discourager to continue in a major (Middleton et al., 2014). Even with 

interventions to help high school and college students, there are risks during that transition 

(Gottfried & Bozick, 2016). The engineering pathway from high school to post-undergraduate 

can provide insight into factors that help students remain in engineering and continue their 

careers.  

Engineering intervention programs can prepare students to pursue classes or coursework, 

attracting students to pursue engineering degrees and careers, providing undergraduate or 

graduate engineering training, and increasing engineering education promotion in K-12 and 

postsecondary institutions (Rincon & George-Jackson, 2016). Rincon and George-Jackson 

(2016) described these interventions as pre-college interventions, supplemental education 

programs, academic bridge programs, living-learning communities, mentorship interventions, 

and research programs. 

Secondary Engineering Education 

Students who become interested in STEM during their secondary education are most 

likely to persist in a STEM field (Ashford et al., 2016; Maltese and Tai, 2011). To support 

engineering pathways from secondary to college and beyond, students are being recruited into 
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the field while still in the K-12 school system (Ruth et al., 2019). Many students often decide in 

high school whether to pursue a STEM career (Kitchen, Sonnert, & Sadler, 2018). High school 

teachers can play a pivotal role in student interest in engineering and a continuation on an 

engineering pathway (Kelley et al., 2020). Students pursue a degree based on their intrinsic and 

extrinsic experiences in their mathematics and science courses as early as middle school 

(Ashford et al., 2016). Rigorous mathematics and science courses become a major classification 

for engineering success (Ashford et al., 2016). 

From early on, students go through the “mathematics pipeline” as described by Ashford 

et al. (2016) and adapted from Burkam and Lee (2003). This pipeline includes eight levels of 

mathematics, particularly if Algebra I is completed before the end of high school. This becomes 

a considerable measure of success in rigorous mathematics courses. When students take rigorous 

STEM-related courses, they often feel more supported in STEM. However, not all students can 

complete their high school math courses easily. Asian and White students are much more likely 

to complete calculus before 12th grade than URM students (Ruth et al., 2019). Secondary 

education has provided various supports to generate student interest and support student 

persistence in engineering. Some high schools have created different learning environments to 

support students, like STEM Career Academies (Ashland et al., 2016) and STEM inclusive high 

schools (Means et al., 2016).  

Curriculums have been designed to become more integrated by including STEM concepts 

in applied settings. This allows students to develop higher-order reasoning and logic skills 

necessary to pursue a pathway into engineering (Gottfried & Bozick, 2016). These interventions 

have demonstrated to improve student outcomes and are supported by federal policies like The 

Carl D. Perkins Career and Technical Education Improvement Act of 2006. Additionally, 
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standards like Next Generation of Science Standards and the Common Core State Standards and 

programs like Project Lead the Way (https://www.pltw.org/) have tried to integrate STEM more 

purposefully into high school coursework. 

Universities have also created additional programs. NSF has been one of the leaders in 

creating various programs, funding summer science programs since the 1950s. These programs 

are aimed to give students science and mathematics training beyond what is offered in high 

school, particularly in response to Sputnik and Soviet advancement in space exploration as 

discussed previously (Kitchen, Sonnert, & Saddler, 2018). Kitchen, Sonnert, & Saddler (2018) 

describe various engineering outreach programs in which high schools’ partners with universities 

to develop skills, particularly research skills, in preparation for an engineering career. 

Four-Year Institute Engineering Education  

Secondary education provides a variety of courses and programs to help prepare students 

for engineering undergraduate programs. Even though many students enter engineering 

undergraduate programs interested in the field, they can become discouraged by not feeling 

competent (Linnenbrink-Garcia et al., 2018). An engineering curriculum should create student 

opportunities to learn and practice critical, holistic, and systematic thinking and apply it to real-

life situations, enhancing lifelong learning, responsible decision making, and professional 

practice (Guerra, 2017).   

One way engineering programs are addressing this is through their curriculum. Many 

engineering programs are focusing on interdisciplinary approaches, offering project-based 

learning (PBL) and capstone type courses, which are more beneficial to students. As described 

by Guerra (2017), PBL is "an innovative, student-centered learning pedagogy that is capable of 

enhancing students' interdisciplinary knowledge, collaboration, problem-solving skills, 

https://www.pltw.org/
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communication, critical thinking, and self-directed learning" (Guerra, 2017, p. 437). These 

approaches are necessary to teach engineers to bring together theories, concepts, and methods 

from different disciplines to apply to various problems (Van den Beemt et al., 2020). 

A common addition to engineering curriculums is the Senior Capstone experience. 

Students engage in reflection, integration, and application of prior learning before they graduate 

and pursue a STEM career (Henscheid, Skipper, & Young, 2019). These experiences also help 

foster various skills, including employment skills, problem-solving skills, and critical thinking 

skills (Henscheid, Skipper & Young, 2019). Other common culminating experiences include 

internships, service-learning projects, pre-professional capstones, and independent research 

experiences. 

Community College Engineering Education  

Community college engineering programs provide a more economical option for students 

pursuing an engineering degree. Students also select a community college to seek direction, 

structure, and awareness of their capabilities as they choose an academic and career pathway 

(Sheinberg, 2015). The engineering environment and resources for community colleges are 

different than those of four-year institutions. Community colleges tend to have smaller classes 

and a more direct learning approach (National Academy of Science, Engineering, and Medicine, 

2017). Additionally, community college students commute, so the only time they can interact 

with faculty and students is during their classes, compared to most four-year institute students 

who live on or near campus and are involved in student life activities and programs outside of 

class (Hankey, 2016). Community college faculty members are generally the only individuals 

that students regularly keep in touch with during their program (Zhang & Ozune, 2015). 

Resources available on community college campus are also limited, with fewer or no 
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laboratories, field stations, engineering design studios, and testing facilities compared to what is 

found on four-year campuses.  

For engineering students, one major challenge associated with starting at a community 

college is the transfer process to a four-year institute. There can be a lack of curriculum 

alignment and inadequate academic preparation for the more challenging and rigid curriculums 

at the four-year institute (Grote, et al., 2020). However, community colleges attract a unique 

population of students who have not determined a career path or have other commitments outside 

of school. They also play a significant role in educating future engineers and scientists (Enriquez, 

et al., 2017). As shared in Chapter 1, the community college population is unique because it 

typically has a large representation of people of color, women, older students, veterans, 

international students, first-generation students, and working parents (National Research Council 

& National Academy of Engineering, 2012). Additionally, many students enroll part-time 

because they are more likely to be older, work off-campus, and have dependents in their 

household (Baker et al., 2015).  

North Carolina Community College System 

Since 1978, there have been 58 community colleges in the North Carolina Community 

College System (NCCCS) (NCCCS, n.d.). When North Carolina was creating a community 

college system, the goal was to develop educational opportunities accessible to all (Wescott III, 

2014). The NCCCS aims to provide "education, training, and retraining for the workforce 

including basic skills and literacy education, occupational and pre-baccalaureate programs; 

support for economic development through services to and in partnership with business and 

industry and in collaboration with the University of North Carolina System and private colleges 

and universities; and services to communities and individuals which improve the quality of life" 
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(NCCCS, n.d). Today, NCCCS is a leader as a model community college system, providing 

educational opportunities as well as practical training and employment opportunities. Its success 

has been partly driven by industry and business partnerships (O'Banion, 2019).  

The concept of a community college dates back to 1850, when the idea of a separate 

institution that offered the first two years of a baccalaureate curriculum was conceived (Larimer, 

1977). The nation's first junior college, Joliet Community College in Illinois, was formed in 

1901, when a fifth and sixth year of courses were added to the standard high school curriculum 

(Kasper, 2003). The need for these types of postsecondary education was further deepened by the 

Depression and World War II, which increased the demand for workers with technical expertise 

and skills necessary for equipment production (Wescott II, 2014). By 1940, there were 610 

junior colleges and two-year colleges in the U.S., and 25 junior colleges in North Carolina, 

which were primarily private and church related (Wescott II, 2014). 

After World War II, there was increased demand for educational opportunities due to the 

GI Bill and more women and minorities entering the workplace (Wescott II, 2014). North 

Carolina was unprepared for the upsurge in college enrollment at private and public institutions, 

a problem that began to be addressed in the 1952 "The Community College Study,” the state's 

first publication focused on community college (Wescott II, 2014). The report outlined the 

purpose and implementation of this new education system and detailed the opportunities it would 

offer to the entire community, including two-year academic programs and terminal courses for 

vocational and technical training (Wescott II, 2014). This report helped fund a state-wide system 

of Industrial Education Centers, targeting adults and selected high school students for skills 

needed by industry (NCCCS, n.d.). 
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Most of the community colleges in the U.S. were created in the 1960s, by which time the 

number of community colleges and enrollments had increased significantly (Kasper, 2003). This 

increase was driven by baby boomers becoming college-aged, more parents wanting a 

postsecondary education for their children, and students enrolling to earn draft deferment from 

the Vietnam War. Eventually, these institutions would play a significant role in developing the 

STEM workforce. 

In 1983, former North Carolina Governor and NCCCS President Robert Scott noted that 

the average high school student was not prepared to enter a high technology curriculum, leading 

to increased focus on adding more specialized programs for computers and data processing 

(Wiggs, 1989). In the late 1980s, the system embraced the concept of college transfers and began 

using the term "community college." At the time, there was a focus on technical and vocational 

training (Wescott II, 2014), but other initiatives and acts like the Nationwide Commission of the 

Future of Community Colleges and Carl Perkins Acts of 1984, 1990, and 1994 began reforming 

vocational education, encouraging partnerships with employers and making facilities available 

for workforce training (Kasper, 2003; O'Banion, 2019). Since then, vocational training has 

evolved to be another pathway for engineering students, offering access to diverse populations 

who have been shut out of postsecondary education completely (Wang, 2014). 

Diverse Populations in Engineering 

There is a significant need for improved and diversified teaching methods in engineering 

education (PCAST, 2012). As described in Chapter 1, URM populations include African 

Americans, Hispanic Americans, and American Indians, as described by the Commission on the 

Advancement of Women and Minorities in Science, Engineering, and Technology Development 

(n.d.), and are viewed as underrepresented based on lower representation than the population 
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(Towns, 2010). Six-year graduation rates for African American and Latino/Hispanic students of 

first-time full-time engineering students complete engineering degrees at lower rates than their 

peers (ASEE, 2016). For the engineering workforce to maintain, racially and ethnically diverse 

must be recruited and retained (Main, Johnson, & Wang, 2020). Each of these diverse 

populations must be considered when teaching the community college population, as their 

unique experiences impacts their persistence and continuation into engineering.  

Underrepresented Minorities in Engineering 

Engineering underrepresentation starts as early as elementary school (NRC & NAE, 

2012). Underrepresented minorities along with White and Asian students have all demonstrated 

equal interest in pursuing a major in engineering; however, URM complete degrees in smaller 

proportions (NRC & NAE, 2012). The main reason for this is most likely the persistent 

challenges that they face in an engineering undergraduate program (Dika & D'Amico, 2016; 

Chang, et al., 2014). Increasing URM in engineering can also increase the level of creativity, 

innovation, and quality of engineering products and services (Nealy, & Orgill, 2019). Simply 

put, the United States is wasting a major recruitment that would address this need for a stronger 

and broadened workforce. The workforce goals in the United States have long been attributed to 

the "leaky pipeline" of the URM populations (Estrada, Hernandez, & Schultz, 2018). As 

discussed by the National Academy of Sciences (2010), URM "embody a vastly underused 

resource and a lost opportunity for meeting our nation's technology needs" (National Academy of 

Sciences, 2010, as cited in Amelink, Artis, and King Liu, 2015). 

Latino student representation is as low as 7% in physical sciences and mathematics, and 

9% in engineering and computer science. African American students are also significantly lower, 

with 4% of engineering degrees, 5% of mathematical degrees, 7% of the physical sciences, and 
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11% in computer sciences (Dika & D'Amico, 2016). African American students who intend to 

major in STEM are twice as likely to switch to a non-STEM field by graduation than White 

students (Graham, et al., 2013). Latino and African American students need adequate 

preparation, financial support, mentoring, and social integration, as well as professional 

development (NRC & NAE, 2012). The number of Hispanic students entering postsecondary is 

increasing. However, there is not an increase in the percentage of Hispanic students pursuing or 

completing a STEM degree (Crisp, Nora, & Taggart, 2009). 

Women in Engineering  

Women have their own set of challenges and characteristics compared to other URM 

populations. Women pursue STEM degrees at much lower rates than their male peers do 

(Legewie & DiPrete, 2014), one of the main reasons there are fewer women graduating in the 

STEM degrees. Other reasons include work-family balance, climate, and unconscious bias in 

higher education (Legewie & DiPrete, 2014). Additionally, women’s upbringing is very different 

than their male counterparts. For example, tinkering--manual activities such as manipulating, 

assembling, disassembling, constructing, modifying, breaking, and repairing components (Baker, 

et al., 2015)—is part of men's gender identity (McIlwee & Robinson,1992). There are four 

barriers that lead to women leaving STEM fields: race/ethnicity of the student, perception of 

campus and residence hall climates, and academic self-confidence. These serve as significant 

predictors of a woman’s sense of belonging (Bettencourt et al., 2020).  

First, women tend to have a lower overall self-efficacy. Self-efficacy is an individual’s 

perceived level of competence of the degree to which she or he feels capable of completing a 

task (Raelin et al., 2014). Women tend to have low overall self-efficacy because of the lack of 
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experiences with tinkering, their beliefs in their lack of ability to problem solve, and their low 

social capital in their engineering program (Bhatia & Amatai, 2010; Brawner, et al., 2012).  

Secondly, engineering can have a cold climate that discourages women to stay in the 

field, which could be one of the factors that women are significantly less likely to remain in 

engineering majors (NAE & NRC, 2012).  Women need to feel like they are part of a community 

and accepted to see themselves in their future roles (Amelink & Creamer, 2010; Bhatia & 

Amanti, 2010). Unfortunately, engineering is a male-dominated field that has a history of rigor 

and lack of support for women (Brawner et al., 2012). Through community building, positive 

working culture, and encouragement, women may be able to increase success and persistence in 

STEM fields.   

Thirdly, teaching methods utilized in engineering courses can also discourage women 

from pursuing engineering. If a female undergraduate is not compatible with a professor’s 

teaching approach, it may be a deciding factor whether to pursue engineering or not (Felder & 

Brent, 2005). Learner-centered approaches are proven an effective means to engage a diverse 

student population in engineering courses (Amelink & Creamer, 2010).  

Lastly, identity is an issue for women. Women need to be exposed to many professional 

identities to build confidence in their ability to pursue engineering to associate future success 

(Watson and Froyd, 2007). 

First-Generation Students 

First-generation college students make up one-third of the population of higher education 

institutions (Bettencourt, et al., 2020) and a large population of the STEM talent pool 

(Harackiewicz et al., 2016). A first-generation college student has no parents who hold a four-

year degree, whereas a continuing generation student has at least one parent with four-year 
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degree (Harackiewicz et al., 2016). There can be many differences between first-generation 

college students and continuing generation students, including socioeconomic differences. 

Parental education is a contributor to differences in economic status (Harackiewicz et al., 2016), 

including poverty, quality of schools, economic resources, and academic preparation 

(Harackiewicz et al., 2016). Family income and parental education achievement can be 

contributing factors of college success; lower levels have been associated with poor academic 

outcomes for students (Grineski et al., 2018). 

First-generation college students face many obstacles in an engineering program. 

Regardless of a major, these students struggle to navigate the college system, unaware of 

available resources, and lack a sense of belonging (Horowitz, 2017). They are also more likely to 

start at a community college before transferring to a four-year institution (Dika & D’Amico, 

2016). Before arriving at school, they tend to have lower standardized admission test scores, less 

family support, lack of role models to introduce them to STEM, and a lower likelihood of 

picking a STEM major (Dika & D’Amico, 2016; Trenor, et al., 2008; Chen, 2005). Additionally, 

once they do arrive at their institution, many first-generation students have to maintain 

employment while attending college, have a lower GPA, and low retention rates.  

There are several ways to support students in these circumstances. For example, many are 

dealing with psychological challenges like identity threat and disengagement during critical 

times of their undergraduate experiences (Harackiewicz et al., 2016). Most first-generation 

students pursue a STEM degree because of their passion for research, contributions, and 

potential jobs (Dika & D’Amico, 2016; Conrad, et al., 2009). Additionally, faculty could 

recognize the diversity of these students in their courses. Horowitz (2017) calls on faculty to 

identify these students through behaviors like being quiet and persistent or having an open 
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invitation for them to come speak to them when they are in need. However, there is also a study 

by Crisp, Nora, and Taggart (2009) that described that STEM persistence correlates more with 

gender, ethnicity, math SAT scores, and high school class rank. Another proven strategy is for 

students to be involved in undergraduate research experiences. 

Engineering Persistence 

More top students' persistence would address the projected engineering workforce while 

also building a more in-depth, broader talent pool (Graham et al., 2013). As Matusovich, 

Streveler, & Miller (2010) described, persistence is described as a student who graduates in 

engineering; students who leave engineering majors are called non-persisters. One of the 

strongest predictors for persistence in an engineering degree is college GPA as well as 

availability of financial resources, male and non-minority status, more time on campus, in-state 

residency, and higher standardized test scores (Dika & D'Amico, 2016; Whalen & Shelley, 

2010). Another significant predictor for someone who persists (or is a "persister") is having a 

general interest in engineering (Matusovich, Streveler, & Miller, 2010). Non-persisters tended to 

choose engineering fields for reasons not related to the work, such as family members or 

teachers' influence.  

The factors that contribute to community college student persistence must be understood 

first (Schetema & Orgill, 2019). The environment of the institution helps to support the student 

through an engineering program. Academic integration through faculty interaction positively 

impacts engineering degree attainment (Dika & D'Amico, 2016; Gayles & Ampaw, 2011). As 

previously discussed, a significant persistence determinant is indicated by preparation for 

mathematics and science in high school (Dika & D'Amico, 2016; Gayles & Ampaw, 2011). 
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Measures of STEM persistence occur in high school students, if not earlier, when they determine 

their interest in math and science as well as early conversations (Bettencourt et al., 2000). 

Expectancy Value Theory 

To be able to understand engineering persistence, this study utilized the expectancy-value 

theory (EVT). EVT provides a framework describing how beliefs can determine an individuals' 

choice, persistence, and performance (Wigfield & Eccles, 2000). The theory explains why one 

makes a choice to engage in activities like earning an engineering degree and how those choices 

are formed based on their competence and value beliefs (Matusovich, Streveler, & Miller, 2010). 

Wigfield and Eccles (2000) initially tested the theory in a mathematics domain to understand 

how students make choices based on their expectancies and values. Positive and negative task 

characteristics influence the model, and the choices are assumed to have costs (Eccles & 

Wigfield, 2002). As discussed in Chapter 1, the theory is understood in two questions: “Can I do 

this task?” (competence beliefs) and "Do I want to do this task?" (value beliefs) (Matusovich, 

Streveler, & Miller, 2010). Eccles and Wigfield (1983) developed a model that focuses on the 

constructs and processes that underlie people’s differentiated task valuing and expectancies for 

success and the understanding of the concepts from motivation and self-theories that explain the 

individual differences in decision-making outcomes (Eccles & Wigfield, 2000).  

Eccles and Wigfield’s (2020) has developed the latest model provides “a theoretical 

framework that can be used to guide comprehensive programs of research on both the long-term 

development of the beliefs and memories underlying individuals’ motivated achievement-related 

choices and the more proximal psychological processes that operate over short time frames” 

(Eccles & Wigfield, 2020, p. 60). The latest version of their model, Situational Expectancy 

Value Theory (SEVT) model provides a roadmap of individuals’ experiences and their impact on 
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the formation, development, and solidifying of self-concepts, memories, task perceptions, and 

identities.  

Competence beliefs are the first domain described in the framework as expectancies for 

success (Wigfield & Eccles, 2000). These are developed based on the theories from Tolman 

(1932), Atkinson (1957), and Bandura (1977). Prior experiences and people can influence in 

one's life (parents, teachers, and peers), personal identity beliefs, and collective identity beliefs. 

These are typically grounded in self-efficacy. Wigfield & Eccles’s framework is intended to 

separate their current belief about their ability from academic self-concepts. They described that 

by middle childhood, individuals’ academic self-concept, competence beliefs, and perception of 

task difficulty was stable (Wigfield & Eccles, 2000).  

The focus of this study and conceptual framework are only the task values rather than the 

competence beliefs because of the direct relationship between the task and outcome (Panchal, 

Adescope, & Malak, 2012). The most recent SEVT model focuses on formation and 

development of task values were considered in the study, but the focus remained on their existing 

task values (Eccles & Wigfield, 2020). Task values includes interest values, utility values, 

attainment values, and cost (Eccles, 1983).  

Interest, also known as intrinsic value, is described as an anticipated enjoyment from a 

task. As described by Deci & Ryan (2016), the concept is similar to intrinsic motivation.  

Intrinsic motivation is deciding to engage in a decision either as situational or personal interest 

(Wigfield & Eccles, 2020). These items can be described as something that an individual likes, 

enjoys, or is interested in, including personal interests. Eccles and Wigfield (2020) made note 

that “when children place high intrinsic value on an activity they often become deeply engaged 

in and it and can persist at it for a long time” (Eccles & Wigfield, 2020, p. 4). These researchers 
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recognize that this construct does need to be developed further and related intrinsic interest to 

situational interest. Hidi and Renniger (2006) also described situational interest to be elaborated 

and internalized as described in attainment and utility value.  

Utility interests are described as how well a particular task fits into an individual's present 

plans, or its usefulness. For example, a student must fulfill a STEM undergraduate program’s 

requirement by taking a math course (Wigfield & Eccles, 2020). Self-efficacy has been a major 

predictor of utility value (Bong, 2001). This most closely aligns with the concept of extrinsic 

motivation, the activity as a means to an end. There is also consideration of how significant the 

goal would be for the individual. The current research looks at the types of utility value in any 

activity and measures for utility value. Wigfield & Eccles (2020) call for more research on the 

social, developmental, and psychological factors that influence utility values in any short-term 

achievement related choice situation after different amounts of time have passed (Wigfield & 

Eccles, 2020). 

Attainment interest is a relative personal/identity-based importance attached by 

individuals to engage in various tasks or activities (Wigfield & Eccles, 2000). These can also be 

described as part of what makes a person identify as themself from their self-schema, personal, 

and social identities. Attainment value has been measured in terms of perceived personal 

importance (Wigfield & Eccles, 2020). Originally developed based on gender differences when 

studying math and science, Wigfield and Eccles believe that gender-role identity is relevant to 

these values. For example, if an individual has strong traditional gender role identity, they have a 

higher attainment value on tasks that align with their gender. Wigfield and Eccles recognized the 

lack of research on identity through attainment value, which has been viewed more of personal 

importance and not necessarily related to an individual’s identity.  
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Cost, the effort or negatives of engaging in an activity, is the fourth value. It can be 

divided into three cost categories. As Wigfield and Eccles (2020) described, the first is effort 

cost, which is the perception of how much effort is be needed to complete the task. The second 

cost is opportunity cost. This can be described as the extent to which doing one task takes away 

someone's ability or time to do another. The third is the emotional cost, which is when an 

individual deals with the emotional or psychological costs of completing a task, particularly the 

cause of anxiety.  

Cost is a negative consequence from the participation in an activity, therefore not only 

having the potential to impact the other values, but the overall motivation in different levels. 

These negative consequences can predict outcomes for grades, intentions to leave engineering, 

and academic self-concepts (Wigfield & Eccles, 2020). Interventions like UREs that target 

students' beliefs about their ability to succeed in engineering suggest the reasons for low grades 

are effort (National Academy of Sciences, Engineering, & Medicine, 2016). The cost value is 

seemingly the most complex to analyze because it is multi-dimensional. There is also a need for 

identified measures to research (Wigfield & Eccles, 2020). As Wigfield and Eccles (2020) 

acknowledged, there has been little discussion whether to consider interest, utility, and 

attainment as positive values and allow cost to be a negative value. These researchers hope to 

remain consistent in the process of their EVT model. Wigfield and Eccles (2020) provided the 

recommendation in conducting research using the EVT as the theoretical framework to 

categorize cost as social, contextual, and psychological factors.  

Related Motivational Theories 

The development of expectancy-value theory and other perspectives provides insight into 

how individuals’ beliefs are developed (Eccles & Wigfield, 2002). This section details three 
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related theories to expectancy-value theory, including sociocultural, self-efficacy, and self-

determination theories. The sociocultural theory provides insight into creating a learning 

environment that incorporates student discourse and applying their knowledge through problem-

solving. Self-efficacy theory relates to expectancies and the impact of students’ belief in their 

motivation and persistence capabilities. Self-determination describes the continuum of 

motivation and the conditions that motivate students to engage in an activity. 

Sociocultural Theory 

Through Vygotsky’s sociocultural theory of constructivism, students learn through 

interacting with peers, teachers, manipulatives, and their contextual setting as they construct their 

view of the world (Jaramillo, 1996). In the sociocultural context, individuals use others to seek 

new challenges within that scaffolded environment. In this theory, there is an assumption that 

values are socially constructed through internalization from the interactions (Hickey & Granade, 

2004, p. 230). These elements are surrounded by social activity (Vygotsky, 1978). According to 

Vygotsky (1978), “learning is a social activity in which individual learning processes are 

affected by personal characteristics as well as by external social factors, and meaning is 

constructed from the interaction between existing knowledge and social situations.” In 

Vygotsky’s approach, it is not just the student, but the faculty, parents, and their peers who 

influence learning. In this objective reality, Vygotsky wants students to learn through their 

experiences.    

The interaction in a learning environment allows students to develop their previous 

knowledge. Vygotsky firmly believes that environment is a significant component. Learning 

occurs between mind and body of the subject as they are joined, and this connection is further 

expressed between the subject and objects in the environment (Jaramillo, 1996). Not only is 
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human interaction significant, but the use of tools, especially in nonverbal stages, becomes part 

of the learning process as they begin to organize their ideas into schemas (Jaramillo, 1996).   

For Vygotsky, the role of the instructor is creating an environment that fosters learning. 

Vygotsky advocated for experiential learning in which the educator is in a facilitator role rather 

than providing direct instruction. In this environment, the instructor also fosters learning for the 

student to reach the Zone of Proximal Development (ZPD). Through cognitive, emotional, and 

external interactions, students can construct their viewpoint within their ZPD. To be able to teach 

to all students, the teacher models, and scaffolds so students can reach their ZPD. Teachers are 

encouraged to use manipulatives and problem-solving through an activity when promoting these 

teaching practices. The instructor is not the only way for a student to reach their ZPD. Student 

interaction with students, especially with different competencies, can help raise competence. The 

interaction helps students to become better at problem-solving and promotes cognitive 

growth. The negotiating process occurs especially in these problem-solving opportunities with 

different perspectives. Vygotsky believes in working in small groups with peers because it 

provides feedback, allows students to ask questions and discuss misconceptions with less 

dependence on the instructor. Students can gain skills in cooperation, communication, 

exploration, and conceptual development (Jaramillo, 1996).   

Self-Efficacy Theory 

There are many parallels between competence values and Bandura’s self-efficacy theory. 

The competence beliefs or ability beliefs could also be described as self-efficacy or the 

individual's perception of their current competence at a given activity (Matusovich, Streveler, & 

Miller, 2010; Eccles, 1983; Wigfield & Eccles, 2000). While Bandura defined self-efficacy as 

"people's beliefs about their capabilities to produce designated levels of performance that 
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exercise influence over events that affect their lives and refers to personal judgments of one's 

capabilities to organize and executive courses of action to attain designated goals" (Stewart et al., 

2020, p. 758). It is also one of the non-cognitive factors that positively correlates with academic 

performance. Bandura developed the self-efficacy theory as a social cognitive theory, to describe 

the role of perceptions of efficacy and human agency in motivational factors. Like EVT, the 

theory focuses on expectancies for success. This theory has two components: outcome 

expectations that describe the beliefs that certain behaviors that lead to specific outcomes, and 

efficacy expectations that describe whether one can effectively perform the actions necessary to 

produce the outcomes (Eccles & Wigfield, 2002). 

Human agency can be described as acts done intentionally, how people motivate 

themselves in anticipation of future events, their ability to take the necessary action and motive 

to execute, and self-examine their actions (Bandura et al., 2001). As Bandura (2006) describes, 

“people are self-organizing, proactive, self-regulating, and self-reflecting. They are not simply 

onlookers of their own behavior” (Bandura, 2006, p. 164).  Efficacy plays a significant role in 

the types of activities and environments people choose to pursue based on the influences in their 

lives. It impacts and promotes specific competencies, values, and interests long after the effects 

of their decisions (Bandura, 2001). These beliefs influence aspirations and the strength of 

commitments to them, analytic and strategic thinking, level of motivation, and perseverance 

through the face of difficulties and setbacks (Bandura et al. 2001). Self-efficacy beliefs develop, 

and change based on mastery experiences, collaborative learning, social influences, and 

physiological response (Stewart et al., 2020).  
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Self-Determination Theory 

Other theories related to intrinsic motivation have similarities to the framework of EVT. 

Intrinsic motivational theories are developed through the individual's interest in the activity itself 

(Gagne and Deci, 2005). Like interest values of EVT, intrinsic motivation has provided different 

motivational theories that describe these motivations' framework. Deci and Ryan (1985) 

developed the self-determination theory, which claims that humans are motivated based on the 

ideal simulation and need competencies to be self-determinant. These components can be 

summarized as autonomous motivation and controlled motivation. Gagné & Deci (2005) stated 

that "autonomy involves action with a sense of violation and having the experience of choice." 

People try to find challenging activities that provide optimal stimulation and challenging 

activities (Eccles & Wigfield, 2002). When individuals are self-determined, their reasons for 

engaging in behavior are fully internalized (Eccles & Wingfield, 2020). When people are 

motivated autonomously by extrinsic motivation, they identify the value of their behavior for 

their own self-selected goals. In goal setting theory, high goals lead to higher level of task 

performance than do easy goals or abstract goal (Locke & Latham, 2006) 

Interest theories can also describe individuals' interests and provide guidelines to how 

individual and situational interest can impact the engagement of an activity or task (Eccles & 

Wigfield, 2002). Individual interest is an orientation towards certain domains, and situational 

interest is an emotional state impacted by specific features of an activity or task. Schiefele (1999) 

provided feeling-related and value-related interests to describe how a person generated interest 

towards an activity or task. Interest motivation can be impactful on an individual's quality of 

learning (Shiefele, 1999). 
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STEM Expectancy-Value Theory Research  

A study by Nagda et al. (1998) found that a URE experience can be a major contributor 

for persistence. When students participate in research, they are motivated to do better in their 

courses, stay in school, and engage in the scientific community (Amaya et al., 2018). URE can 

help influence students’ decisions about their future, including their career and future education, 

increase awareness of STEM careers, provide career clarification, and increase their skills 

(Amaya et al., 2018).  

A utility value–focused intervention targets different psychological processes that impact 

student achievement and value and engagement in their work. One way to implement this is by 

having students writing reflective essays. As described by Harackiewicz et al. (2016), who states 

“The key (component) is having students work to find the utility value for themselves, which is 

facilitated through writing assignments that are central to the intervention” (Harackiewicz et al., 

2016, p. 2). They tested two interventions for college classes and students with a history of low 

academic performance in an introductory biology course using a double-blind, randomized 

experiment across four semesters. They found these interventions improved performance for 

URMs who also first-generation college students by were 61% and promoted performance for all 

students (Harackiewicz et al., 2016). Students have reported that motivational factors may be 

even more important than academic reasons for remaining and succeeding in their engineering 

program (Wu et al., 2020).  

Expectancy-value theory studies in engineering seek to identify the impact of 

motivational beliefs over time. Jones et al. (2010) analyzed the relationship between motivation 

constructs for female and male first year engineering students, including constructs and 

expectancy for success in engineering as well as value-related constructs, engineering 
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achievement, and engineering career plans. The study found that (1) students’ expectancy-related 

beliefs and value-related beliefs decreased over the first year for both men and women; (2) there 

were no significant differences in the value-related beliefs between men and women, but men 

had a higher expectancy for success and engineering self-efficacy; (3) the value-related 

constructs predicted career plans better than the expectancy-related constructs for both men and 

women; and (4) the expectancy-related constructs predicted achievement better than the value-

related constructs for both men and women. 

National Call for URE Research 

The PCAST 2012 Report called on institutions to provide opportunities for more 

discovery-based research courses. In further detail, PCAST recommends having “expand the use 

of scientific research and engineering design courses in the first two years of postsecondary 

education through an NSF program” (PCAST, 2012, p. v). The report also suggests expanding 

“opportunities for student research and design in faculty research laboratories.” The National 

Academy of Engineering, Science, and Medicine (2017) calls for more research on 

undergraduate research experiences, which have been recognized as an impactful intervention, 

particularly for URM. Significantly, there is a need for more research to examine the program's 

different components like the duration, timing in the academic career, and quality of the URE, as 

well as how it influences their STEM interest and persistence. Students in UREs can gain a better 

understanding and gain essential skills like team, communication, problem-solving, and critical 

thinking skills (Zydney et al., 2002).  

Another significant area of research needed is on the educational and career outcomes of 

students who participate in UREs versus those who do not. The challenge that NAE found was 

that a lot of research collected relied on self-reported outcomes or alumni retrospective accounts 
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of the influence rather than longitudinally tracking students throughout their careers or student 

outcomes. Another significant area of research is in nontraditional populations like community 

college students in workforce and transfer programs. 

There are many challenges with understanding the functions of UREs, which are diverse 

and complex. Compared to other engineering education interventions, it is still unclear what 

additional benefits UREs provide. There is also an increase in implementation of UREs because 

of their benefits at different institutions (community colleges and four-year) (National 

Academies of Sciences, Engineering, and Medicine, 2017). 

Undergraduate Research Experiences 

Benefits of UREs 

UREs positively support engineering persistence and promotion for URMs and women 

(Leggett-Robinson, Mooring, & Villa, 2015). The earlier students experience URE, the more 

likely they will succeed in their future career or graduate study (Du, 2018). UREs support 

students in developing and supporting their identities as researchers, increasing knowledge of the 

research enterprise, and promoting a more remarkable ability to engage with engineering issues 

they will face as citizens. Additionally, these experiences develop academic skills and strategies, 

increasing student persistence in engineering fields and guiding student decisions about 

engineering courses and careers. The goal of UREs is to increase participation and retain 

engineering students, promote engineering disciplinary knowledge and practices, and integrate 

students into engineering culture (National Academies of Sciences, Engineering, and Medicine, 

2017). Still, nearly it is driven by policy for reform to improve engineering education to 

strengthen the engineering workforce (National Academies of Sciences, Engineering, and 

Medicine, 2017). UREs can also clarify their career pathway as they gain experience in practices 
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and skills of STEM research (National Academies of Sciences, Engineering, and Medicine, 

2017). UREs provide research knowledge of experimental design, understanding disciplinary 

research practices, student skills growth, and technical expertise (National Academies of 

Sciences, Engineering, and Medicine, 2017). The projects that students are assigned encourage 

them to make their own decisions and take ownership of their projects, impacting persistence in 

engineering fields (National Academies of Sciences, Engineering, & Medicine, 2017). The 

benefits of research experiences help prepare students for their potential pathway and train them 

for that pathway. 

Types of UREs 

UREs can be implemented differently. The National Academies of Science, Engineering, 

and Medicine created a report, "Undergraduate Research Experiences for STEM: Successes, 

Challenges, and Opportunities," in 2017, describing the impact of undergraduate research 

experiences on the STEM pipeline. As the National Academies of Sciences, Engineering, and 

Medicine report describes, the typical approach of UREs is an apprentice model. This model is 

defined as one or a small number of students working with an individual or small group of 

established scientists, technologists, engineers, or mathematicians on a research or design 

problem outside the classroom. As described in Table 2.1, there are different models of how 

UREs can be implemented. Characteristics vary and depend on the program, leadership, and 

goals. 

Table 2.1. The types of UREs offered for STEM undergraduates (National Academies of 
Sciences, Engineering, & Medicine, 2017). 
 

 

Type of URE Description 

Community-Based Research 
Programs 

Linked to service-learning courses that include service to the 
community because of their research.  
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Table 2.1 (continued). 

 

Design Principles for Effective UREs 

The National Academies of Science, Engineering, and Medicine generated a list of nine 

characteristics for a URE that would that align with research professional tasks that should be in 

an URE. These include engaging students in research practices including the ability to argue 

from evidence; generate novel information; focus on significant, relevant problems, emphasis no 

collaboration and teamwork; allow students to master specific research techniques; engage in 

reflection about the problems; communication of the results through publications or 

Individual Faculty Research 
Group 

Students begin working on a part-time basis in a faculty 
research lab or team. They work for a semester or more to learn 
how to conduct research before beginning their own project. 
 

Capstone Experiences and 
Senior Themes 

Typically, a requirement for graduation, this is a culminating 
experience in which students are expected to integrate special   

 
Internships and Co-Ops 

 
Professional experiences that often involve research and 
typically take place in the public sector as paid positions. 
 

Course-Based 
Undergraduate Research 
Experiences (CUREs) 
 
 

Students investigate novel research questions and contribute 
new knowledge in the field in a course. 

Wrap-Around Experiences This URE is integrated into a program for a semester or more 
with tutoring to support. They are aimed at students who are 
part of a URM population and more likely to face challenges 
navigating the discipline. 
  

Bridge Programs Incorporated into an extended orientation program that helps 
support students transitioning from the start of college from 
high school or another institution.  
 
 

Consortium/Project-Based 
Programs 
 

Collaboration with faculty and students from different colleges 
and universities.  
 
 



  54 

 

presentations; and structured and guided by a mentor (National Academies of Science, 

Engineering, and Medicine, 2017, p. 34-35).  The National Academies of Science, Engineering, 

and Medicine understood that these experiences vary, and it is difficult to include all these 

aspects. Most provide collaborative interdisciplinary research opportunities, develop 

competencies, ethics, communication, and improve graduate student recruitment (Burkett, Dye, 

& Johnson, 2015). URE opportunities are offered for STEM areas and medicine, business, and 

the arts (Brown, Lewis, & Bevan, 2016; Levenson, 2010).  

Students focus on significant, relevant problems related to their interests and community 

during a URE. A URE should foster a collaborative environment with interactive design, 

research questions, and data collection. These programs are also expected to provide students 

with the opportunity to present their results (National Academies of Sciences, Engineering, and 

Medicine, 2017).  

The National Academies of Sciences, Engineering, and Medicine (2017, p. 224) conclude 

that quality mentoring can make a substantial difference in a students’ experiences with research. 

Faculty mentoring can provide positive effects like an increase in practical skills, problem-

solving, communication, and information synthesis (Willis et al., 2013; Amaya et al., 2018). 

However, some faculty are not always ready to participate in UREs because of the time it takes 

to mentor (Brown, Lewis, & Bevan, 2016). Mentorship in UREs not only benefits the students, 

but also the faculty (Morales, Grineski, & Collins, 2017).  

Mentorship 

According to Chesler and Chesler (2002), “Mentoring is traditionally a developmental 

relationship in which an experienced person provides both technical and psychosocial support to 

a less experienced person” (Chesler & Chesler, 2002, p. 50). Mentoring can also be described as 
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someone who is more experienced supporting a less experienced person with professional 

development and socialization into the profession (Hernandez et al., 2017). Mentorship is critical 

for retention in engineering as it prompts interest, increases equality, fosters a positive work 

climate, provides support and encouragement as well as increased self-efficacy (Bhatia & Amati, 

2010; Chesler & Chesler, 2002; Ilumoka, Milanovic, & Grant, N. 2017). Mentoring from faculty, 

peers, and across genders can be useful for retention. Most people would like to have a mentor 

that is most like themselves (Chesler & Chesler, 2002). Faculty mentoring can be beneficial, 

providing advice, sharing experiences, and offering students a support system and 

encouragement. Through peer-to-peer mentoring, students can overcome isolation and are less 

likely to leave an engineering program (Bhatia & Amati, 2010). Peer mentoring also removes 

hierarchy and competitiveness from the mentor relationship and adds more flexibility and 

informality to create a trusting relationship (Chesler & Chesler, 2002; Limbert, 1995).   

Mentoring can be particularly meaningful for URM. Minority students often lack a role 

model and feel “solo” as one of the few minorities in a class setting or a specific major (Aish, 

Asare, & Miskioğlu, 2017). Faculty mentors agree that there are significant benefits to mentoring 

their students (Zydney et al., 2002). Faculty mentoring in STEM can enhance positive student 

development and have an impact on students’ interest in graduate school, engagement in their 

undergraduate program, understanding of their field of study, and acquisition of necessary skills 

(Amaya et al., 2018).  

Results suggest that college administrators and research program directors should 

strategically aim to encourage more faculty members to work with undergraduate students 

(Morales, Grineski, & Collins, 2017). Identifying mechanisms that sustain faculty-student 

collaborations beyond one year and promote faculty awareness can help undergraduate students 
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contribute productively to faculty research. Additionally, URE programs that aim to enhance 

faculty-student publishing should seek to match students with faculty mentors who enjoy student 

interactions, have more funding and experience, and are generally productive scholars (Morales, 

Grineski, & Collins, 2017).  

Challenges of UREs 

URE Program Leaders and students can face many challenges if a program is poorly 

designed. For students, the intervention may not be adequately designed to set them up for 

success. As described by the National Academies of Sciences, Engineering, and Medicine 

(2017), some students do not receive the appropriate training to research the necessary 

coursework or develop technical abilities. Another challenge for students is that the Program 

Leaders may not provide them the necessary resources or accessibility to complete the research. 

On the other extreme, programs can be designed without enough structure for students, which 

can also be discouraging and make students unsure about how to approach the research. In some 

research structures, the mentor is the primary contact for the students (National Academies of 

Science, Engineering, & Medicine, 2017). For students and program leaders, connecting and 

finding an ideal fit for faculty and students can be difficult. If the student and faculty member 

have a negative relationship, it can negatively affect the student.   

National Call for URE Research 

The PCAST 2012 Report called on institutions to provide opportunities for more 

discovery-based research courses. In further detail, PCAST recommends having “expand the use 

of scientific research and engineering design courses in the first two years of postsecondary 

education through an NSF program” (PCAST, 2012, p. v). The report also suggests expanding 

“opportunities for student research and design in faculty research laboratories.” The National 
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Academy of Engineering, Science, and Medicine (2017) calls for more research on 

undergraduate research experiences, which have been recognized as an impactful intervention, 

particularly for URM. Significantly, there is a need for more research to examine the program's 

different components like the duration, timing in the academic career, and quality of the URE, as 

well as how it influences their STEM interest and persistence. Students in UREs can gain a better 

understanding and gain essential skills like team, communication, problem-solving, and critical 

thinking skills (Zydney et al., 2002).  

Another significant area of research needed is on the educational and career outcomes of 

students who participate in UREs versus those who do not. The challenge that NAE found was 

that a lot of research collected relied on self-reported outcomes or alumni retrospective accounts 

of the influence rather than longitudinally tracking students throughout their careers or student 

outcomes. Another significant area of research is in nontraditional populations like community 

college students in workforce and transfer programs. 

There are many challenges with understanding the functions of UREs, which are diverse 

and complex. Compared to other engineering education interventions, it is still unclear what 

additional benefits UREs provide. There is also an increase in implementation of UREs because 

of their benefits at different institutions (community colleges and four-year) (National 

Academies of Sciences, Engineering, and Medicine, 2017). 

NSF REU Program 

The National Science Foundation–funded Research Experience for Undergraduates 

(REU) Program provides funding for programs and projects that encourage undergraduate 

students' active research participation. REUs have continued to increase in the number of awards 

granted and the amount of money awarded (National Academy of Engineering, Science, & 
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Medicine, 2017). In these programs, the funding agency determines the number of resources 

given to the program and the evaluation required. Programs are expected to create reports and 

track information to the funding agency (National Academy of Engineering, Science, & 

Medicine, 2017). NSF recently distributed more funds and grants (National Academies of 

Sciences, Engineering, and Medicine, 2017). REUs provide an apprentice-style URE that 

prepares students for graduate school and STEM careers (National Academies of Sciences, 

Engineering, and Medicine, 2017). In many of these types of programs, students have perceived 

that they gained content knowledge related to their research projects and understood their 

project's context (National Academies of Sciences, Engineering, and Medicine, 2017).   

The REU Program typically consists of working with an individual faculty research 

group in a project-based research experience (National Academy of Engineering, Science, & 

Medicine, 2017). Students who participate in a REU Program are more likely to choose a 

research career and attend graduate school (Hathaway, Nagda, & Gregerman, 2002; Kremer & 

Bringle, 1990). Research and graduate school are two motivating factors that undergraduate 

researchers consider when they participate in these programs. It has also been shown that 

students who have completed UREs are more confident when entering graduate school 

(Seymour, et al., 2004). However, these URE programs can be competitive. Most programs 

require the student to spend the summer in a laboratory or field site (domestic or international) 

researching their desired discipline (National Academies of Engineering, Science, and Medicine, 

2017). As described by Blake, Liou-Mark, & Chukuigwe (2013), REU Programs "engage 

undergraduates in meaningful, goal-oriented research projects that provide transformative 

experiences that incubate and prepare students for the next level of academic growth, 
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participation, and development" (Blake, Liou-Mark, & Chukuigwe, 2013, p. 407). These 

programs provide a variety of support for STEM students other than just a research experience.  

UREs for Community College Students 

Though UREs can have a positive impact on STEM undergraduates, they can create 

difficulties for a community college (NRC & NAE, 2012). UREs can take up a considerable 

amount of time and effort (NRC & NAE, 2012), but can also make a significant difference in 

retention in STEM fields--those who complete a URE are more likely to persist in a STEM major 

(Graham et al., 2013). Among the many different URE models, there are a few that best suit 

community college participants with other commitments and obligations. The first best way to 

integrate research is to provide open access for students (NRC & NAE, 2012). Another 

appropriate model for community college participants is summer bridge programs and 

partnerships between community colleges and four-year institutions. These are designed to help 

facilitate the transfer process (Leggett-Robinson, Mooring, & Villa, 2015). Many students from 

two and four-year institutes lack awareness of research opportunities in their program and 

institution (Amaya et al., 2018). According to Hewlett (2018), “the problem facing problem 

facing the community colleges is not the reliance on an apprentice structure for their URE 

programs, but the lack of an undergraduate research culture altogether” (Hewlett, 2018, p. 1). 

With more URE opportunities and models, the culture will shift.  

URE Models for Community College Students 

Leggett-Robinson, Mooring, & Villa (2015) provide an exemplary undergraduate 

research model supported by cognitive apprenticeship for community college students. They 

used a 3+8 model, where community college students preparing for the undergraduate 

experience participate for three weeks in May with community college faculty. Later, they work 
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for eight weeks at a four-year institution with a cohort of students (Leggett-Robinson, Mooring, 

& Villa, 2015). Another similar model is Hirst et al.'s (2014) collaborative undergraduate 

research program involving a community college and four-year institution partnership. Faculty 

from both institutions are working together to support 28 community college students in research 

teams in ongoing research projects at the four-year institution. All students in the program are in 

the process of transferring to a STEM program to a four-year institution during the third year of 

their program (Hirst et al., 2014).  

The third model in which community college students participate in a research experience 

at a four-year institution is the New Mexico Alliance for Minority Participation Summer 

Community College Opportunity for Research Experience (SCCORE). New Mexico State 

University partners with neighboring community colleges to develop the program. They work 

together to address the low transfer rate. Funded by NSF, the SCCORE program is a Summer 

Bridge Program that allows students to participate in a research assistantship in their discipline 

and receive year-round advising. The goal of this program, though, is a focus on academic and 

social integration (Garland, Auzenne, & Jacquez, 2015). The ERC program has similar 

characteristics to the program design.  

Burkett, Dye, and Johnson (2015) designed a similar structured REU Program focus on a 

grand engineering challenge. Students participated in a nine-week program at a multidisciplinary 

site. Their study followed 34 students who worked on research problems based on the Grand 

Challenges. Of the students they tracked, all completed their programs and are currently 

attending graduate schools or completed a graduate degree. In this program, 58.8% of the student 

participants are from underrepresented groups. Students reported having increased confidence in 

presenting and would recommend this program (Burkett, Dye, & Johnson, 2015).  
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The C-MORE Scholars Program also focused on a URM recruitment with an academic-

year long REU program at the University of Hawaii in the Center for Microbial Oceanography: 

Research and Education (Gibson & Bruno, 2012). Their primary purpose is to recruit and retain 

more underrepresented graduates like Native Hawaiians and Pacific Islanders. They meet 

monthly to discuss their research, professional skills, and career opportunities. Their program 

shares similarities with the ERC program because their goal is to develop professional skills, 

research skills, and experience in their content area. The main difference is the fact that they 

focus on oceanography rather than power electronics and renewable energy. In their program, the 

motivators were graduate school and aspirations to be a researcher. However, they also found 

that professional skills and faculty research connections were also significant benefits of the 

program. This ERC REU Program dissertation study looked for similar motivators and 

specifically the influence of self-efficacy and mentorship.   

Chapter Summary 

Following Sputnik’s orbit, traditional, direct instruction within the classroom transformed 

into student-centered approaches (Bybee, 2003). This educational shift led to the creation of 

STEM Education (Bybee, 2003). STEM Education aims to provide pathways for students to 

pursue a career in the related fields. Specifically, engineering education has evolved to meet 

different workforce demands, face innovation challenges, and meet industry and graduate school 

needs (Guerra, 2017). The engineering pathway from high school to post-undergraduate can 

provide insight into factors that help students remain in engineering and continue their careers. 

Different engineering interventions in K-12 and postsecondary institutions can be significant to 

help students prepare for classes and coursework and attract students to pursue a degree and 

career in engineering (Maltese & Tai, 2011; Rincon & George-Jackson, 2016).  
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One pathway is starting an engineering degree at a community college before transferring 

to a four-year institute is through a 2+2 program. For engineering students, one major challenge 

associated with starting at a community college is the transfer process. There can be a lack of 

curriculum alignment and inadequate academic preparation for the more challenging and rigid 

curriculums at the four-year institute (Grote, et al., 2020). The community college population is 

unique because it typically represents people of color, women, older students, veterans, 

international students, first-generation students, and working parents (NRC, 2012). These 

populations "embody a vastly underused resource and a lost opportunity for meeting our nation's 

technology needs" (National Academy of Sciences, 2010, as cited in Amelink, Artis, and King 

Liu, 2015). Underrepresented minorities and White and Asian students have all demonstrated 

equal interest in pursuing a major in engineering; however, URM complete degrees in smaller 

proportions (NRC & NAE, 2012).  

One of the strongest predictors for persistence in an engineering degree is college GPA 

and availability of financial resources, male and non-minority status, more time on campus, in-

state residency, and higher standardized test scores (Dika & D'Amico, 2016; Whalen & Shelley, 

2010). To understand engineering persistence, the expectancy-value theory (EVT) provides a 

framework describing how beliefs can determine an individuals' choice, persistence, and 

performance (Wigfield & Eccles, 2000). The theory explains why one makes a choice to engage 

in activities like earning an engineering degree and how those choices are formed based on their 

competence and value beliefs (Matusovich, Streveler, & Miller, 2010). EVT was initially tested 

in a mathematics domain to understand how students make choices based on their expectations 

and values. Positive and negative task characteristics influence the model, and the choices are 

assumed to have costs (Eccles & Wigfield, 2002). The development of expectancy-value theory 
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provides insight into how individuals' beliefs become an expectancy-value theory with other 

related theories, including sociocultural, self-efficacy, and self-determination theories (Eccles & 

Wigfield, 2002). 

A study by Nagda et al. (1998) found that an URE can significantly contribute to 

persistence in an undergraduate engineering program. When students participate in research, they 

are motivated to do better in their courses, stay in school, and engage in the scientific community 

(Amaya et al., 2018). URE can help influence students’ decisions about their future, including 

their career and future education, increase awareness of STEM careers, provide career 

clarification, and increase their skills (Amaya et al., 2018). UREs provide collaborative 

interdisciplinary research opportunities, develop competencies, ethics, communication, and 

improve graduate student recruitment (Burkett, Dye, & Johnson, 2015). Additionally, 

engineering undergraduate persistence and promotion for URMs and women are positively 

supported (Leggett-Robinson, Mooring, & Villa, 2015).  

One type of URE is the Research Experience for Undergraduate (REU) Program. The 

REU Program is an apprentice-style URE that prepares students for graduate school and STEM 

careers (National Academies of Sciences, Engineering, and Medicine, 2017). Participants work 

with an individual faculty research group in a project-based research experience (National 

Academy of Engineering, Science, & Medicine, 2017).  Faculty mentoring can provide positive 

effects like increased practical skills, problem-solving, communication, and information 

synthesis (Willis et al., 2013; Amaya et al., 2018).  

Many students from community colleges and four-year institutes lack awareness of 

research opportunities in their program and institution (Amaya et al., 2018). According to 

Hewlett (2018), “the problem facing problem facing the community colleges is not the reliance 
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on an apprentice structure for their URE programs, but the lack of an undergraduate research 

culture altogether” (Hewlett, 2018, p. 1). With more URE opportunities and models, the culture 

will shift. 
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CHAPTER 3: METHODOLOGY 

Introduction 

This research utilized a qualitative phenomenological case study approach, involving 

analysis of artifacts and interviews. This chapter describes the research design and justifies the 

approaches employed to answer the research questions. The research provides insight into a 

community college participant's experience in an REU Program and the efficacy of a URE 

Program to provide impactful and effective approaches for persistence and continuation into 

engineering. As mentioned in Chapter 1, the research questions are: (1) What did community 

college students perceive as the values and costs of participating in an undergraduate research 

experience? (2) What aspects of the REU program did participants value?   

Qualitative Research 

Social science provides new ways of understanding the changing nature of lived social 

realities (Jackson et al., 2007). The research questions addressed requires the perspective of the 

participant and qualitative research approaches. Qualitative research is an iterative process, 

where one must repeatedly revisit previous steps to ensure preliminary findings are in line with 

later analysis (Namey & Trotter, 2015). There is a naturalistic approach to this research that 

seeks to understand phenomena in a context-specific setting (Hoepfl, 1997). The research 

explores lives of people experiencing cultural and social contexts through their lens. The 

approaches are "emergent" and don’t follow their study design tightly but adapt to the data 

collection process when entering the field (Creswell & Creswell, 2017). As Tracy (2010) 

describes, qualitative research must be "relevant, timely, significant, interesting, or evocative to 

conduct a good quality qualitative study."  
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The research questions in this study asked “how” research experiences can influence 

community college engineering undergraduate’s persistence. Merriam and Tisdell (2015) defined 

four main characteristics of qualitative research, including the researcher asking "how" or "why" 

questions. These approaches have a flexible approach to the work that allows changes to the 

study's conditions. Qualitative research focuses on the meaning and understanding, the 

researcher, the inductive process to the theory or framework, and the detailed description. The 

study focus and purpose provided a lens of how people experience the world and make meaning 

of their experiences. The experience's focus is on the participant and not how the researcher 

views the experience (Merriam and Tisdell, 2015).  

The instrument of qualitative research is the researcher. The researcher must respond and 

adapt to the data collection process and analysis (Merriam and Tisdell, 2015). The natural setting 

is used for the researcher to collect data in the field where the participants experience the issue or 

problem in face-to-face interaction (Creswell & Creswell, 2017). The advantage is that these 

approaches allow the researcher to use verbal and nonverbal communication during the process 

to clarify and summarize, check with participants for the accuracy of their interpretation, and 

continue to question based on the participants' responses (Merriam and Tisdell, 2015). However, 

the researcher must be aware of their role in the study. They must practice reflexivity to reflect 

on how their role in research and their background, culture, and experience could impact their 

interpretations of the study (Merriam and Tisdell, 2015). Researchers can also engage in 

practices that promote empathy and identification and inform people who have not experienced 

the related topic (Tracy, 2010).  

The third quality of qualitative research is that it is an inductive process to a framework 

or theory. As Merriam and Tisdell (2015) describes it, all investigations are informed by some 
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discipline specific theoretical framework that enables us to focus our inquiry and interpret the 

data. But the framework is not tested deductively in an experiment. (Merriam and Tisdell, 2015). 

When working inductively, the researcher is looking for patterns, categories, and themes in a 

"bottom up" approach. The critical component is understanding what the problem or issue is for 

the participant so that the researcher can address the problem (Creswell & Creswell, 2017). 

Researchers may use a framework to guide the process, but the information from interviews, 

observations, and documents guides the results (Merriam and Tisdell, 2015). Qualitative 

researchers’ content analysis involved interpreting, theorizing, or making sense of data by 

breaking it into segments, category, and coding. They then identified a pattern for the data by 

relating these categories (Jackson et al., 2007).  

The research questions were designed to learn specific details and experiences that were 

influential to the participants. Qualitative research uses words and pictures instead of numbers to 

explain the study, with detailed descriptions serving as the results. Descriptions may consist of 

contexts, participants, and activities related to the study (Merriam & Tisdell, 2015). These 

descriptions typically include quotes and excerpts from the data collection sources (Merriam & 

Tisdell, 2015), which usually include interviews, observations, documents, and audio 

information (Creswell & Creswell, 2017). The descriptions were necessary able to address the 

research questions and could not be answered quantitatively.  

The research design of qualitative studies is very different than that of a quantitative 

study. These studies describe the essence of participants’ experience. Qualitative studies are 

rooted in other theoretical frameworks that guide the approaches as developed through 

phenomenology, symbolic interactionism, and constructivism. The idea is that the reality is 

constructed in the individuals’ social worlds. The advantage to qualitative research is that it 
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provides new perspectives on things that are already known or to gain more in-depth information 

which cannot be provided in quantitative methods (Hoepfl, 1997).  

When trying to make sense of phenomena in this study, researchers engage in approaches 

to connect cases, mechanisms, and causal statements to understand better their work 

(Timmermans and Tavory, 2012). This type of research aims to provide an understanding of how 

an individual makes meaning of their experience. The sample is small, nonrandom, and 

purposeful in this process. The primary mode of analysis is through an inductive approach. 

During this process, the researcher is continually comparing the data obtained to arrive at 

findings that are presented in a comprehensive, holistic, expansive, and richly described manner, 

rather that the specific and numerical results that come from a quantitative study. 

Rationale for Research Approach 

As described by Yin (2011), the research design is the “blueprint” for your research to get 

you from here to there. In a research design, the here and there must be defined, including the 

study questions, and relevant data and sources that the researcher used to collect and analyze 

these results must be identified. The research design used a qualitative design of phenomenology 

and case study methods to analyze the participation of community college participants in the 

2017, 2018, and 2019 ERC REU Programs at a R1 North Carolina university. These approaches 

were selected to be able to share the perspective and experiences of these participants to inform 

future programming and interventions. 

Phenomenology  

Phenomenology can be described as a philosophy and a research method in which the 

phenomena are part of a conscious experience (Gill, 2014; Moran, 2000). In phenomenological 

approaches, the research is focused on the experience and how it has transformed the 
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participant's consciousness (Merriam and Tisdell, 2015). In this approach, all the participants are 

part of a shared "lived experience" (Van Manen, 2014), or it provides the "essence" of a lived 

experience (Merriam and Tisdell, 2015). There is a questioning method and answering in these 

approaches to make meaning of this shared experience (Van Manen, 2016).   

These methods include two conditions of phenomenological research. First, researchers 

participate in a process called epoche, also known as bracketing. By putting aside their 

understandings, judgment, and prior knowledge, they approached the phenomena. The researcher 

must be aware of their own biases by being aware of their prejudices, viewpoints, and 

assumptions (Merriam and Tisdell, 2015). The second process is returning to the "essence of the 

experience" to make meaning of this experience's structures through reduction (Merriam and 

Tisdell, 2015). Husserl (2012) describes the method as an analytical process that requires 

bracketing to make meaning (Gill, 2014). During reduction, it is significant that the researcher 

reflects on the fundamental structures of this lived experience of the participants (Van Manen, 

2016).   

In a phenomenological approach, the researcher starts with a full description of their 

experience related to the phenomenon. The researcher can put aside their assumptions and 

relation to the experience. In phenomenological practice, in-depth interviews are ideal for 

capturing the lived human experience and descriptive research (Guest, Namey, & Mitchell, 

2016). The researcher then identifies critical statements about how the individual is experiencing 

the phenomenon. The statements are then grouped into broader units of information or themes. 

Descriptions are created of what the participants experienced for these themes, also known as a 

textural description. Following, the researcher drafted a description of how the experience 

happened through a structural description.  
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The phenomenological study product is "a composite description that presents the 

'essence' of the phenomena" (Merriam and Tisdell, 2015). The purpose of phenomenological 

research is not for answering or discovering but for questioning (Van Manen, 2016).  These 

phenomenology processes have become one of the foundational qualitative research techniques 

(Jackson, Drummond, and Camara, 2015). 

Case Study 

A case study explores a complex issue and what has already been done in previous 

research (Dooley, 2002). Case studies can address a complicated problem and strengthen 

previous research (Dooley, 2002). The researcher is typically distant from the context being 

examined and studies the phenomenon by collecting multiple data sources, including interviews, 

focus groups, printed materials, and other data sources (Jackson, Drummond, & Camara, 2007).  

The case is typically a series of events that reflect the activity or problem as it happens and 

includes a real-life situation with a specific setting, individuals, events, issues, and conflicts 

(Dooley, 2002). This qualitative research method's significant characteristic is that it is more 

focused on what is being studied instead of the methodology (Merriam & Tisdell, 2015). 

 When conducting a case study, Jackson, Drummond, and Camara (2007) describe three 

approaches when collecting data. The researcher first wants to answer "how" or "why" questions, 

understands that they have little control of this real-life context, and that the boundaries between 

the context and the phenomenon is not clear (Yin, 2015). The case must be intrinsically bounded 

to conduct a case study (Merriam & Tisdell, 2015). Researchers can explore case studies in four 

different ways. First, they must determine if the survey will be a single or multiple-case design. 

Secondly, they must determine if the approach will be holistic (single unit of analysis) or 

embedded (multiple units of study) (Yin, 2011). 
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When the researcher implements a case study, they must interrupt the data from different 

perspectives and identify the relationships between the data and the research questions. Using 

this qualitative methodology, the researcher will look for constructs that will be significant when 

finding the outcome (Dooley, 2002). A case's elements include a real situation, careful research 

and study, and multiple perspectives (Dooley, 2002; Merseth, 1994).  

Using purposeful sampling can address the need of these perspectives. Purposeful 

sampling is when a researcher determines who or what will be sampled. This approach also 

considers how many people or sites need to be sampled. When selecting the number of 

participants, there are various recommendations (Creswell and Poth, 2016).  

With a case study with a chronology of events, Creswell and Poth (2016) recommend 

using multiple sources of data for analysis to determine evidence for each step or phase in the 

evolution of the case. Sources of data can consist of observation, document analysis, 

questionnaires, interviews, and Delphia processes, allowing the sources to be qualitative and 

quantitative (Dooley, 2002). The case study analysis is conducted by collecting instances from 

the data to identify issue-relevant meanings that will emerge to draw conclusions from your 

study (Creswell & Poth, 2016). 

Phenomenological Case Study Methods 

Phenomenological case study methods can be described as having a phenomenological 

approach to exploring a particular event through the participant's eyes (Dooley, 2002). 

Phenomenology typically is naturally part of a case study method (Dooley, 2002). In these 

instances, the researcher is interested in a specific phenomenon and intends to understand a 

problem or case entirely through observation and making meaning of the relationships (Dooley, 

2002). These two methods are appropriately used in this research design: the lens of this study 
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was analyzed through the community college participant's eyes in an undergraduate research 

experience during the bridge summer from a community college institute and a four-year 

institute. The transfer period can be critical for persistence and understanding the intervention 

during this time for a 2+2 community college participant can inform other programs of impactful 

factors of this case. The case described in this approach is the ERC REU Program during the 

2017, 2018, 2019 year. During these three years, the ERC REU Model was implemented with 

similar interventions during those summers and under similar leadership in the Education and 

Workforce Team. 

The 2017, 2018, and 2019 REU Programs are significant to understanding persistence in 

engineering education, particularly for special populations like community colleges, URM, and 

female students. Yin (2015) defines five characteristics where a single-case study is an 

appropriate design: the survey is critical, unusual, familiar, revelatory, or longitudinal. By 

selecting a crucial case, the researcher understands that the case will be critical to theory or 

theoretical propositions (Yin, 2015). The exploration of this program will inform the effective 

interventions for other UREs and engineering undergraduate programs. These interventions 

could be significant not just for community college students but engineering students' persistence 

in general. The number of 2+2 community college participants is unusual and rare, particularly at 

a four-year institute URE. As described by Yin (2014), this provides relevancy as these 

circumstances provide an “opportunity to observe and analyze a phenomenon previously 

inaccessible to social science inquiry" (Yin, 2014, p. 50). Yin (2014) also suggests reflecting on 

different stages of the study, for example, before and after a critical event. The data was 

collected during the experience, and interviews collected will be conducted two to four years 

after their participation.   
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The case study was an embedded case study. Embedded is described as having multiple 

units of analysis within a single case and cannot be from similar topics (Yin, 2015). In this study, 

the researcher will analyze 10-12 community college participants from the 2017, 2018, and 2019 

ERC REU Program. Each of these students will be a unit of analysis within the case. The 

researcher can select these units through sampling or cluster techniques (Yin, 2015; McLintock, 

1985). Particularly a phenomenology study, there can be one to 325 participants. Additionally, 

case study methodology is necessary for applied disciplines to understand more engineering 

education interventions (Dooley, 2002). 

Most phenomenological case studies like Sriram and Diaz (2016) and Schwartz (2012) 

use only semi-structured interviews as the primary source of data collection when understanding 

engineering student experiences. Crawford (2016) conducted a phenomenological case study of 

an early childhood education teacher evaluation program and how these programs prepare 

teachers for the emotional dimensions of teaching. Like this study, Crawford used the program as 

one case and data sources, including semi-structured interviews and student teachers’ weekly 

reflections. A second study in which the researcher used similar phenomenological case study 

methods was Falconer and Holcomb (2008). In this study, the researchers were exploring student 

perceptions of independent scholarly experiences particularly in an undergraduate research 

experience. In their study, they justified that they did not use interviewing because they would 

have to rely on students’ memory in which instead, they did use student journals as their primary 

and only data source. 

These data analyses consist of preparing and organizing the data for analysis and then 

reducing the data into themes. Researchers organize the data into themes through coding and 

reducing these codes to themes in this process. Qualitative data analysis methods involve taking 
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data apart and putting it back together (Creswell & Creswell, 2017). Once the codes have been 

deducted, researchers represent the information through figures, tables, or discussion (Creswell 

& Poth, 2016). When using multiple qualitative methods, such as critical science 

phenomenology, the researcher must rely on their judgments to analyze the data (Dooley, 2002). 

The data analysis process used overall qualitative methods with considerations of these two 

methods. In phenomenology and case study methods, the researcher will share their role and the 

context and setting of the case.  Creswell and Poth (2016) stated that data collection processes, 

data analysis, and report writing are not distinct steps in the process but can be conducted 

simultaneously. For example, researchers may be conducting interviews while analyzing 

previous interviews, unlike quantitative data (Creswell & Creswell, 2017). 

Reflexivity and Researcher Positionality 

“Reflexivity is considered an integral aspect of qualitative research. It involves us, as 

researchers, understanding how processes of doing research shape its outcomes” (Corlett & 

Mavin, 2018, p. 377). Qualitative researchers practice reflexivity to gain a self-understanding of 

the biases, values, and experiences they bring to their research (Creswell & Creswell, 2018). 

Practicing reflexivity includes questioning our understanding of reality and the nature of 

knowledge, our relationships with the research context and subjects/participants, and what is 

considered valued and valuable research (Corlett & Marvin, 2018). One approach to this practice 

is understanding how being an insider or outsider of the research impacts the research or 

positionality (Merriam & Tisdell, 2016). This requires understanding the role of the researcher as 

well as the connections between the researcher and the participants (Creswell & Creswell).  

My position begins with understanding who I am as a person. I am a 32-year-old White 

woman and a practicing Catholic. My parents received their degrees and worked jobs to make 
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ends meet. As my parents progressed in their careers, they also improved their economic status. I 

attended schools where the population of students was mainly White. Growing up, I had some 

awareness of my White privilege, but not a full understanding.  

Before my work as a Graduate Assistant at the ERC, I was a middle school Math and 

Science teacher at three different middle schools, one of which was an all-girls school. These 

experiences translated into the REU Program design. Most of my research project experience has 

related to program evaluation in engineering education, though I have not yet completed a 

research project from start to finish. This dissertation study is the most extensive research project 

that I have conducted.  

During my graduate assistant position and serving as the ERC REU Coordinator with the 

ERC, I was paid through NSF grants and funding from this ERC and another associated national 

institute. I worked extensively with students, many of whom I still have relationships with today. 

I was invested both in the program’s success as well as the REU participants’ success. I am 

aware of my biases of hoping that the ERC REU Program designed by the Education and 

Workforce team provides insight to other engineering programs, allowing them to be more 

inclusive and better support students. I am also aware of my relationship and hope for success as 

I interview these participants. In this study, I need to be aware of my philosophical beliefs and 

desires and how they influence my methodological choices. I also need to be aware of how my 

philosophical assumptions may influence my understanding of the data and analysis (Corlett & 

Mavin, 2018).  
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Data Collection 

Research Setting and Context 

This research took place at a R1 institution in North Carolina with approximately 34,000 

students. The institution has a strong focus in STEM, specifically engineering. In the College of 

Engineering, there are two active NSF-funded Engineering Research Centers. One ERC focuses 

on self-powered sensing, computing, and communication systems. The second ERC in which is 

the focus of this study is addressing the grand engineering challenge of modernizing the electric 

grid through energy-efficient devices and the smart grid. The second ERC was established to 

focus on modernizing the electrical grid through research in fundamentals and enabling 

technology advancement. These two active ERCs were awarded an NSF grant for a joint REU 

site. Each facilitate their own individual program but come together for weekly collaborations.  

The REU program discussed in this study was facilitated by the second ERC Education 

and Workforce Team, including the Education Director, Education Graduate Assistant, and other 

Electrical Engineering Ph.D. students also doing research at the Center. The day-to-day activities 

implemented by the Education & Workforce Team were similar for each of the three programs in 

the summers of 2017, 2018, and 2019.  

The Education and Workforce team targeted local community colleges to be able to 

identify qualified students. Recruitment presentations were held at two of the local community 

college institutes. Additionally, the Education and Workforce team communicated to the students 

that funding was reserved for community college participants. During the program, students were 

immersed in various professional development experiences during the ten-week program and 

were expected to complete deliverables that allowed participants to be successful in future 
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research experiences. Students were coached by their mentor and the Education and Workforce 

team to support them in their project and future work. 

ERC REU Program 

At this North Carolina R1 institution, there are multiple REU programs that influence the 

undergraduate experience. In the ERC REU program, several components help create a well-

rounded, marketable engineering undergraduate student. The program's goal is to help recruit 

students for graduate school, but the program also considers students' personal and best interests. 

Students are immersed in research during the ten-week program while being mentored by a 

graduate student and a Primary Investigator (PI). The PI is typically a professor or experienced 

researcher in the field. The student usually works closely with their graduate mentor who is 

supervised by the PI. Students are purposefully matched with a Primary Investigator that fits best 

with their needs and research interests. 

The National Academies of Engineering, Science, and Medicine (2011) stated that the 

students' success depends on the structures put in place in these experiences, particularly 

mentorship. The Graduate Mentors are the primary contacts for the REUs. Mentorship is critical 

for the learning process, time management, providing resources and guidance, and building 

interpersonal relationships (Shellito et al., 2001; Ahn, 2016). For community college 

participants, this is crucial in developing confidence and applying the skills from the classroom 

during the research process (Morin, Dayrizedeh, Booth, & Carpenter, 2019). 

Student deliverables include a literature review, perfect pitch, e-portfolio with ten entries 

using the Portfolium platform, and a research poster presented at the end of the ten-week 

program at two symposiums. Each week students had a general schedule with additional 

requirements on top of conducting research. Students participated in professional development, 
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technical lab (5 occurrences), guest speakers, field trips (5-7 events), and weekly collaborations 

with the other ERC REU Program. Students were assigned different projects in which they were 

able to gain research experience on a real-world project. There were different professional 

development sessions held for students to prepare them for continuation into engineering. These 

sessions focused on professional skills, including networking & professional attire, how to write 

a literature review, creating an e-portfolio, brainstorming with mind-mapping, and creating a 

perfect pitch. As Morin & Dayerizadeh (2020) described, these technical labs were designed for 

community college students, URM, and women who lack tinkering skills and provide an 

engaging learning experience with active strategies.  

During the ten-week program, students were exposed to real-life application of a research 

project in which they applied the skills learned in the classroom to authentic problem-solving. 

This allowed for holistic learning in which students synthesize and apply strands of knowledge 

gained in classes, hands-on investigation, and the application of reading and mathematical 

reasoning in open-ended problem-solving (Thompson, et al., 2005). The student is assigned a 

research project based on their interest and compatibility with their mentor. During the learning 

process, the students’ PI and Graduate Mentor are central to the learning process, helping guide 

the students, answer questions, and interrupt misconceptions. Therefore, the best-guided theory 

is Vygotsky’s sociocultural constructivist theory (Vygotsky, 1978 as cited in Jaramillo, 1996). 

UREs also have a small grouping compared to a course. In the ERC REU Program, there are 

never more than 15 students within the program and five within a research team. Typically, 

within the larger research teams (4-5 students), the graduate mentor will divide the students into 

smaller groupings (individually assigned tasks or in pairs) to work on the problem at hand. 

Students are then exposed to different roles and types of collaborations to reach a better solution. 
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Research Sample 

All the analyzed participants were part of the phenomenon as community college student 

who participated in the 2017, 2018, and 2019 REU Programs at the ERC. There was a total of 35 

REU participants for these three programs. There were 23 participants attending a four-year 

school the year before participating in the REU Program and all majoring in an engineering  

related discipline. Many attended the four-year school that the ERC was located. There were 12 

participants who were eligible for the study. 

Table 3.1. Demographic and background of participants 

Characteristic Community College Participants 
Gender  
      Female 2 
      Male 8 
 
Ethnicity Identity 

 

      White 6 
      Hispanic 2 
      African American 1 
      Asian 1 
 
Community College 

 

      Community College #1 8 
      Community College #2 2 
 
Major 

 

      Electrical and Computer Engineering 3 
      Computer Science 3 
      Mechanical Engineering 2 
      Civil Engineering 1 
      Aerospace Engineering 1 
 
Age 

 

      18-23 6 
      25-29 2 
      30+ 2 
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To be an eligible participant, participants were a 2+2 engineering student and 

participating in the REU program during the summer of their transfer. Table 3.1 provides an 

overview of the ten participants who agreed to be part of the study. All participants were part of 

the REU program after completing their first two years at a community college. Community 

College #1 is in the same county as the ERC. The Education and Workforce Team recruited from 

Community College #1 for the 2017, 2018, and 2019 programs. Community College #2 is in the 

neighboring county in a more rural location. Students were only recruited in the 2019 REU 

Program.  

All participants were from two local community colleges and were transferring to a four-

year institution that following fall semester, including North Carolina public university #1 (n=5), 

North Carolina public university #2 (n=2), North Carolina public university #3 (n=1), a 

Massachusetts public university (n=1), and an Arizona public university (n=1). All participants 

were majoring in or have received a bachelor’s degree in engineering, specifically Computer and 

Electrical Engineering (n=3), Computer Science (n=3), Mechanical Engineering (n=2), 

Aerospace Engineering (n=1), and Civil Engineering (n=1). All participants have received a 

degree in engineering (40%) or plan to complete a degree in engineering (60%). Each participant 

is under a pseudonym. Participants were invited through email using their contact information 

from the program or LinkedIn as seen in Appendix B and C. 

Data Sources  

Three data sources were analyzed to answer the research questions: student-created 

artifacts, a demographic survey, and interviews. For an overview of the connection between the 

data sources and the research questions, see Table 3.2. 
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Table 3.2. Data sources and connection to the research questions. 

Data Source Research Question Key Concepts 
Semi-Structured 
Interviews 

Research Questions 1, 2 attainment value, utility value, interest 
value, cost, impactful characteristics of 
the REU Program, persistence factors, 
continuation factors, completer v. non-
completer 
 

Student Created 
Artifacts 

Research Questions 1, 2 attainment value, utility value, interest 
value, cost, impactful characteristics of 
the REU Program  
 

Demographic 
Survey 

Demographics and background Self-reported demographic information 
to characterize participants 

 

Student-Created Artifacts 

The second data source was student reflections and e-portfolio entries using the platform, 

using a standard template through the Portfolium platform (www.portfolium.com). The platform 

has similar functionality as other social media platforms, such as LinkedIn, Facebook, and 

Instagram. As an example, created by the researcher can be seen in Figure 3. 1. The entries 

included artifactual evidence and reflections during the time of the REU Program. In each entry, 

students were asked to select ten meaningful experiences during the program. For each 

experience, the student uploaded an artifact related to the task or activity (i.e., image of an 

experience), provided a detailed description of the experience and the benefit, identified skills 

associated (i.e., soldering), and listed tags or hashtags to represent the experience (i.e., 

#engineering). The students in the 2017 Program complete general weekly written reflections. 

The 2018 and 2019 REU Program students created an e-portfolio with ten meaningful 

experiences.  
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Demographic Survey 

A demographic survey was used to characterize participants’ gender, ethnicity, major, 

community college, four-year university/college, if they did or did not complete their degree, and 

if they did or did not continue into engineering (see Appendix E). This information was used to 

describe the participant sample.  

Semi-Structured Interviews 

The third and primary data source were in-depth, semi-structured interviews conducted 

two to four years after they participated in the REU Program. Merriam and Tisdell (2015) cite 

DeMarrais' 2004 definition of a research interview: "a process in which a researcher and 

participant engage in a conversation focused on questions related to a research study." For a case 

study, interviews can provide explanations and personal views, including perceptions, attitudes, 

and meanings (Yin, 2018). There was a semi-structured interview that the researcher conducted 

Figure 3.1. An example entry from the e-portfolio platform, Portfolium. 
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to guide a mix of more and less structured interview questions. It also allowed flexibility with no 

predetermined order and the ability to explore topics and issues. 

As described in Appendix F, the interview protocol was created based on EVT and 

engineering persistence (Matusovich, Streveler, & Miller, 2010; Pierrakos, Beam, Constanz, 

2009). There were three parts to the interview. In the first section, participants were asked to 

describe what they were currently doing academically or professionally, how they selected their 

school after high school, their experience as a community college, and the transfer process to the 

four-year school. Part II included questions about the REU Program, specifically the influence 

onto their task values and persistence in their engineering undergraduate program. Part III 

contained questions about their current or future career in engineering. These questions asked if 

they planned to continue to go into the field and the influence of the REU Program onto their 

career. The interviews addressed both research questions as seen in the Interview Protocol in 

Appendix F.  Mainly, they provided the most impactful characteristics of the REU Program and 

how that impacted task values: attainment, utility, interest, and cost. The interviews were able to 

identify students’ persistence or plan to complete their engineering program if they intend to 

continue into the field.  

Because of the COVID-19 pandemic, the web-based platform, Zoom, was used to 

conduct audio only interviews. It also provided the participants with more time and space 

flexibility that allowed them to consider and respond to requests for information as 

recommended by Creswell and Poth (2016). These interviews were audio recorded using the 

platform. Each interview was on average 45 minutes to one hour. Recordings were downloaded 

from Zoom and then transcribed using the platform, Temi. The transcriptions were then 

analyzed. 
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Interview participants were asked questions about their e-portfolios in the semi-structured 

interviews using stimulated recall technique. In this method, participants looked at photos from a 

setting, such as the e-portfolio to help facilitate recall and reflection of the experience (DeWitt & 

Osborne, 2010). According to Stevenson (1991), these methods have proven to be effective in  

prompting recall. In the interview, the researcher asked them to review the e-portfolio for five 

minutes and to pick three entries that were the most meaningful. They also described why this 

experience was the most meaningful.  

Ethics Considerations and IRB Approval 

IRB was requested and approved for access to use the e-portfolios from the participants 

and conduct the demographic survey and semi-structured interviews (see Appendix A). The IRB 

procedure includes the following: Participants are sent an email asking them to interview through 

Zoom with the Qualtrics consent form. If the student researcher does not have access to their 

email, they will be contacted through LinkedIn first (see Appendix C). If a participant agrees to 

participate in the interview and provides consent for their e-portfolios (if applicable), the survey 

will then direct them to the interview survey for participants to notify them of their available 

times and a demographic survey. The researcher will then call/email to confirm their interview. 

Next, the student will log into Zoom to complete the audio-recorded only interview. Video will 

not be used. Once the researcher has reviewed and analyzed the interview, the student researcher 

will request a member check from the participant to review a summary with themes to ensure 

accuracy through Google Drive. The participant will then be compensated with a $25 gift card. 

The researcher also requested the access of secondary data and a gatekeeper permission 

from the REU Participants to access the student created e-portfolio data for research purposes. 

The secondary data was accessed on the semi-private platform, Portfolium 
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(www.portfolium.com). When reviewing the site, the data was directly identifiable. The data was 

transferred to Google Drive by transferring the entries into a data table and removing 

participants’ names. The participants were assigned a number. A Virtual Private Network (VPN) 

was used to transfer, access, upload, or download research data files and folders. The data will be 

destroyed within five years by erasing devices cryptographically.  

To protect the identity of the participants, their name was removed and provided a 

pseudonym, their information will be re-identifiable strictly based on a master list associated 

with their name. The data can only be reported in demographic aggregates of 3 or greater and 

remove all context clues from quotes where possible. The researcher could reidentify the data 

with access to information, role, skills, a combination of information, and/or use of 

technology. This data is subject to FERPA and is not subject to HIPAA. However, the 

participants were all 18 years and older when data was collected and when they will be 

interviewed. Therefore, it will not apply to the participants. Data shared with others about the 

participant will only be directly identifiable when I download it. Broad consent will not be 

sought for this study. The data was identifiable only if they cross-reference the master list that 

identifies the person. The co-chairs only had access to the data, if necessary, but only with 

pseudonyms. 

There were two types of ethical issues considered in this procedure. First, the researcher 

considered protecting participants from harm by disclosing information that would harm 

participants (Creswell & Creswell, 2017). As described, the researcher stripped the names from 

the e-portfolios and interview transcripts. Following this, the researcher replaced the names with 

pseudonyms to avoid disclosure of their identities. The participant was also given a consent form 

that discloses all this information described above as well as contacts for further questions about 
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this dissertation study. Secondly, member checking was employed to ensure the data is being 

interpreted correctly. Also, the findings were not only including the positive aspects but the 

negative impacts on the participants (Creswell & Creswell, 2017). 

Data Analysis Methods 

As described in Figure 3.2, the data collection and analysis process included conducting 

interviews, analyzing e-portfolios, organizing the data, and assessing the interpretations by 

presenting inductive themes before providing assertions and generalizations. 

Data Preparation 

Raw data was prepared and stored in a password-protected folder on Google Drive to 

ensure secure storage of files and protect participants' identities. E-portfolio entries were put into 

Figure 3.2. Overview of the research design. 
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a data table for analysis using NVivo. Each row represented one entry that included the 

participant number, NVivo reference number, entry number, date of entry, title of entry, 

discipline category (i.e. electrical engineering), text entry/description, deliverable (i.e. literature 

review), the number of teammates tagged, the number of likes received, the skills listed, the tags 

listed, and the link to the entry itself.  

The demographic survey data was downloaded into an Excel file from Qualtrics. 

Interview transcripts were downloaded from Zoom and uploaded to an online 

transcription application Temi (www.temi.com). Participant names were already stripped and 

replaced with their corresponding numbers from the e-portfolios. These transcripts were then 

uploaded to NVivo for coding. 

Student-Created Artifacts 

The researcher first read through the e-portfolio entries took notes using the sketching 

reflective and document memoing techniques. The researcher then reviewed the entries again, 

this time capturing concepts and initial thoughts (Creswell & Poth, 2016. Once the researcher 

had done the initial review, they began the process of coding using Moustakas’ (1994) methods, 

which included creating a list of significant statements within the entries, grouping these 

statements into prior codes, or using deductive approaches (Miles, Huberman, and Saldaäna, 

2019). The data analysis included both deductive and inductive data analysis. As Merriam & 

Tisdell (2010) describe, a deductive analysis has an existing category or theme for coding. In 

inductive coding, the researcher creates categories and themes as they arise from the data.  

The prior codes included attainment (engineering identity), intrinsic (engineering 

interest), utility (usefulness of the task for engineering), and cost (tradeoffs in engaging in an 

engineering task) values. All the statements were related to the REU Program and analyzed as an 
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entire case. Each statement was categorized into a specific task or activity with the REU Program 

(i.e. research symposium, literature review). These were then put into a word document to write 

a preliminary summary. Then, each task was analyzed within NVivo to see the influence of each 

task on their values, persistence into an engineering program, and engineering career. 

Each entry was categorized into a specific deliverable into the program, including a 

research symposium, literature review, research poster, field trip, technical workshop. These 

were then quantitatively summarized to identify the significance of specific tasks.  

Thirdly, the skills were each reviewed as utility value because of the nature of the e-

portfolio deliverable. Students identified these tasks as significant in the experience because they 

gained these particular skills. These skills were categorized into skill areas of the following: 

technical skills, electrical engineering circuit technical skills, communication, technical concepts, 

research skills, teamwork, networking, engineering, and aerospace engineering. There was a 

specific category for electrical engineering and circuit technical skills because of ERC expertise. 

Attainment, interest, and cost values had no proven analysis connection for this component of the 

entry. 

Fourthly, the tags were coded for utility and attainment values. Utility value was tagged 

for every skill associated with the post because of the definition (a REU task that was useful to 

engineering). Attainment value was associated with tags that were connected with a specific 

profession, such as #engineering and #electricalengineer because of the codebook definition (a 

REU task that impacted your self-perception or identity related to engineering). Twitter and other 

social media platforms have become a place where people can express themselves linguistically 

(Page, 2012). Social media has provided an opportunity for people to write about themselves or 

self-brand by constructing their identity as a product to be consumed by others (Page, 2012). 
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Wikström (2014) also adds that hashtags can describe meta-comment (a verbal or nonverbal 

expression of what they just experienced). Interest and cost values had no proven analysis 

connection for this component of the entry. 

Each of these analyses were put together to create an e-portfolio summary (See Appendix 

H).  

Demographic Survey 

A summary was put together using a Google Sheet application to categorize and 

summarize the self-reported data from each of the questions. Qualitative data was counted for 

each category data and the average was calculated to for quantitative data on the Google Sheet. 

Semi-structured Interviews 

The interviews were analyzed using deductive and inductive approaches like the e-

portfolio analysis. The REU Program was the case analyzed in this study. However, there was a 

similar cross case approach was used to compare participants within this case. The purpose was 

to be able to generalize of the participants within the REU Program and to compare experiences 

for each of these participants.  

Each participant was coded first using priori codes, the task values, were used for the 

initial review of data. Initially, within each value, significant statements were going to be 

categorized into related tasks or activity using thematic coding approaches (Miles, Huberman, 

and Saldaäna, 2019). But after the initial read through and because of the three parts of the 

interviews, data were then organized by which environment the activity or task occurred. The 

three codes for the second cycle of coding were K-20 education (Part I), the REU Program (Part 

II), and their engineering career (Part III). Following, each sub-category was coded according to 

the associated task. Each task was then analyzed for significant statements or descriptions for the 
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influence of the task onto the individual’s task values. A summary was created for each 

participant included the three parts: K-20 education, the REU Program, and their engineering 

career. Within each environment, included each of the four values. Within each of the four 

values, the associated tasks and the influence was included (see Appendix I).  

Once each summary was created, all individual summaries were combined into one 

overall summary to address how the task values were influenced by an undergraduate research 

experience and what activities were valued from URE contributed to persistence in engineering 

and continuation into an engineering career (see Appendix J). The final analysis was conducted 

in a systematic approach to interpret each participant’s experience. Cross-case analysis was used 

to analyze within this REU case. Each provided their perspective of the REU Program. By using 

this approach, the researcher generalized to describe, understand, and explain what happened in 

the single, bound case of the ERC REU Program (Miles, Huberman, and Saldaäna, 2019). Cross-

case analysis also allowed for better transferability to other contexts. When comparing these 

individual summaries into one large summary, there was a case-oriented approach where the 

experiences were interupted as a whole and associations, causes, and effects were compared 

within the case (Miles, Huberman, and Saldaäna, 2019).  

Trustworthiness 

The study used methods that foster credibility, transferability, dependability, and 

confirmability to establish trustworthiness and reliability (Shenton, 2004). To establish 

credibility, the data analysis methods designed for this project are embedded with qualitative, 

particularly phenomenology and case study procedures. In consideration of phenomenology, the 

coding process is designed to embed the phenomenon. By employing a focus on the research 

context and making the REU Program's essence as a case, case study procedures are employed. 
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The study has used triangulation to identify coherent themes by including three data sources (e-

portfolio reflections, e-portfolio artifacts, and interviews). Various methods, including but not 

limited to acknowledging the researcher's bias in this study, allow the data to be monitored and 

critically analyzed. Particularly in case studies methods, using multiple sources of evidence is 

necessary to strengthen the study (Yin, 2018). Using both semi-structured interviews and the e-

portfolio data sources, the data triangulation provides in-depth evidence of the phenomenon in a 

real-world context (Yin, 2018). The different data sources have multiple measures of how the 

community college student experienced the ERC phenomenon. The findings then be converged 

to conclude (Yin, 2018). Triangulation also allows the results to be transferable to other studies 

(Creswell & Poth, 2018). 

Being aware of the researcher's background, experience, and relation to the 2017, 2018, 

and 2019 REU Program allows openness to this process. Due to heavy involvement, the 

researcher has spent a prolonged amount of time in these REU Programs and has an in-depth 

understanding of the phenomenon (Creswell & Creswell, 2017). To establish credibility, the 

researcher used member checking in which the interviewee reviewed the transcript and 

descriptions to ensure the interpretation was accurate as detailed in Appendix G (Shenton, 2004). 

To establish transferability, the researcher was very transparent with information to allow 

the study and program to adapt to other programs or STEM interventions. The study's core 

mission is to identify factors within the program that support persistence and continuation in 

engineering. Therefore, the contextual information is disclosed to allow adaptation (Shenton, 

2004).  Using the same methods of transferability and having a specific procedure detailed with 

the ERC REU Program, the data provided reliable information through the research design and 

implementation description, data collection, and reflective appraisal of the project (Shenton, 
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2004). Finally, the investigator employed objectivity or confirmability throughout the process. 

The various methods described help foster dependable research design and implementation. The 

study is strongly confirmable due to triangulation to reduce investigator bias, admission of the 

researcher's beliefs and assumptions, recognize shortcomings in the study's methods, and 

demonstrate an "audit trail" (Shenton, 2004; Creswell & Poth, 2016). 

Limitations 

The first limitation is the sample size. The perspective is one REU Program with nine 

participants' views. Even though trustworthiness is considered, this does not represent a large 

amount of the population. The second limitation is the data collection process with the 

researcher's heavy involvement with the program and participants for ten weeks. Even though 

there is an awareness of this bias, it could add an underlying perspective. Also, the students may 

not feel comfortable sharing their honest views of the program because of the researcher's 

involvement. As shared in the positionality statement, the investment of the researcher and the 

participants can cause bias and blind spots. However, member checking was used to ensure that 

the conclusions of the researcher were accurate as recommended by Creswell and Poth (2018). A 

statement disclosing the information and a gift card was provided as an incentive to share. The 

final limitation is the timing of the surveys. Even though it provided relevant information if that 

program did contribute to persistence and continuation into the field, the participant may not 

recall how or why it did. 

Chapter Summary 

Qualitative research explores the lives of people experiencing cultural and social contexts 

through their lens. The approaches are "emergent" and don't follow their study design tightly but 

adapt to the data collection process when entering the field (Creswell & Creswell, 2017). The 
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research design of qualitative studies is very different than that of quantitative research. 

Qualitative studies describe the essence of participants' experiences.  Theoretical frameworks 

guide the approaches developed through phenomenology, symbolic interactionism, and 

constructivism. Common types of qualitative research include ethnography, grounded theory, 

narrative analysis, and the methods used in this study, phenomenology, and case study. 

The researcher used these two methods in this research design for the lens of this study. 

The study provides insight into a community college student's participation in an undergraduate 

research experience during the bridge summer from a community college institute to a four-year 

institute. The transfer period can be critical for persistence and understanding the intervention 

during this time for a 2+2 community college participant to inform other programs of impactful 

factors. The case described in this approach is the ERC REU Program during 2017, 2018, and 

2019. The Education and Workforce Team led similar activities and sessions during these 

summers. The researcher served as the ERC REU Coordinator in this Team and was paid 

through National Science Foundation funding from the ERC.  

In the ERC REU program, students are immersed in research during the ten-week 

program while being mentored by a graduate student and a Primary Investigator (PI). The PI is 

typically a professor or experienced researcher in the field. The student usually works closely 

with their graduate mentor. Students are matched with a Primary Investigator that fits best with 

their needs and research interests.  

In this study, there 10 interview participants and 9 e-portfolios representing 11 of the 12 

eligible participants. The primary data source were in-depth, semi-structured interviews 

conducted two to four years after participating in the REU Program related to EVT and 

engineering persistence (Matusovich, Streveler, & Miller, 2010; Pierrakos, Beam, Constanz, 
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2009). The second data source were the reflections from the e-portfolio platform, Portfolium. 

The participants in the 2017 Program complete general weekly reflections. The entry includes an 

artifact that is any media file (image, video, document, etc.).  

First, the e-portfolios are analyzed through a two-part approach with the reflections and 

associated artifacts using NVivo software. The researcher categorized significant statements by 

task value. Next, the statements within in each task value were categorized by task or activity in 

their REU Program, K-20 education, or related to their engineering career. Finally, through 

textual and structural descriptions, the researcher created a description that provides the 

"essence" of the experience and relates to the phenomenological study for each task and activity 

related to the value (Creswell & Poth, 2016). Once these two analyses are executed, the 

descriptions are compared to identify any similarities or differences between the data. The 

interview analysis is the richest data source, providing answers to the research questions. Once 

the transcript is created, the researcher will begin a similar process with the reflections of the e-

portfolios. The researcher employed methods of validity through credibility, transferability, 

dependability, and confirmability. One way is through data triangulation that provides in-depth 

evidence of the phenomenon in a real-world context (Yin, 2018; Shenton, 2004). Ethically, the 

researcher stripped the names from the e-portfolios and interview transcripts. Following this, the 

researcher replaced the names with pseudonyms to avoid disclosure of their identities. 
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CHAPTER 4: FINDINGS 

Introduction 

Chapter 4 discusses the study results from three data sources: student created artifacts, 

demographic survey, and semi-structured interviews. These sources offer insight into community 

college student experiences an URE and its influence on their motivation and values, including 

its influence on completing an engineering degree and continuing in a career in engineering. The 

e-portfolios and interviews provide two perspectives of the community college participants. 

First, students created e-portfolios during the experience and showed how their engineering 

values developed from particular program activities. In comparison, the interviews were 

completed two to four years after students participated in the program. Participants had the time 

to see the influence of those experiences on their values after the REU Program. These two 

perspectives demonstrate how those engineering values were influenced short and long-term and 

if it contributed to their persistence in an engineering program and continued into an engineering 

career. Both views will address how engineering task values are influenced and what specific 

program characteristics made the impact.  

This study’s overarching question is: "How does an undergraduate research experience 

influence community college student persistence in engineering?" In particular, the research 

presented in this study addresses three research questions: 

Research Question #1: What did community college students perceive as the values and 

costs of participating in an undergraduate research experience? 

Research Question #2: What aspects of the REU program did participants value?   

The lens of the study was based on the conceptual framework discussed in Chapter 1, 

including the Matusovich, Streveler, & Miller, 2010 conceptual framework and Eccles’ 
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expectancy value theory (Wigfield & Eccles, 2000). The central idea of EVT is that 

achievement-related behaviors like vocational choices relate to an individuals’ expectations for 

success and the importance or value individuals attach to these options (Eccles, 2005). 

Competence beliefs focus on the individual’s abilities and asking, "Can I do this task?", whereas 

value beliefs analyze an individual’s idea of the significance of a task, asking "Do I want to do 

this task?" (Matusovich, Streveler, & Miller, 2010; Eccles, 2007). The expectancies and values 

influence performance directly. Therefore, competence and values determine an individual’s 

persistence in a field (Matusovich, Streveler, & Miller, 2010). The study focused on the task 

values only because of the direct relationship between the task and outcome (Panchal, Adescope, 

& Malak, 2012).  The results are organized by task values and cost. 

Summary of Participant Demographics 

Women and minorities are underrepresented in engineering and science, as demonstrated 

in extensive literature (Stack, et al., 2019). In 2018, 22.2% of engineering bachelor’s degrees 

were awarded to women, compared to 77.8% to men. Regarding ethnicity, 64.5% of engineering 

degrees were awarded to White populations followed by 12.2% to Asian American, 12.2% to 

Hispanic, 4.3% to Black populations, 6.5% to individuals who associate with more than one race, 

and 0.47% to other ethnic populations (National Center for Science and Engineering Statistics. 

2021). Two participants identified as female (20%), and eight identified as male (80%). Half of 

the participants were White (50%), two participants identified as Hispanic or Latinx (20%), one 

participant as Asian (10%), and one participant as Black or African American (10%).  

Engineering and Science students at a four-year school are almost all 18 to 22 years old, 

compared to less than 75% of first time community college students (Van Noy and Zeidenberg, 

2017). Six of the participants were under 25 years old, two participants were 25 to 29 years old 
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(20%), and two participants were 30 to 34 years old (20%) at the time of the REU Program. 

When the interviews were conducted, six participants were under the age of 25 years old (60%), 

three participants were 30-34 years old (30%), and one participant was 35-39 years old (10%).  

Similar to the demographics described in Chapter 3, the participants attended North 

Carolina public university #1 (n=5), North Carolina public university #2 (n=2), North Carolina 

public university #3 (n=1), a Massachusetts public university (n=1), and an Arizona public 

university (n=1). As shared, the ERC is located at North Carolina public institution #1. All 

students are majoring in or have received a bachelor’s degree in engineering, specifically 

Computer and Electrical Engineering (n=3), Computer Science (n=3), Mechanical Engineering 

(n=2), Aerospace Engineering (n=1), and Civil Engineering (n=1). All participants have received 

a degree in engineering (40%) or plan to complete a degree in engineering (60%). 

In interviews, participants shared challenges arising from their other identities, including 

being a working professional, first-generation student, and older than other undergraduate 

students. Three participants shared that they began their education late because they served in the 

military. Community college STEM students are on average older and more likely to be a first-

generation student than four-year STEM students (Van Noy and Zeidenberg, 2017). 

Additionally, 76% of science and engineering community college students were likely to be 

working when enrolled, compared to 55% of four-year students (Van Noy and Zeidenberg, 

2017). Many participants dealt with challenges associated with their various identities.  

Attainment Value 

Attainment value is how an individual creates an image of self with different factors like 

conception of personality and capabilities, long-term goals and plans, and social roles schema 

(Eccles, 2009). Undergraduate research experiences can influence an individual’s attainment 
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values by helping to improve a student’s learning as well as their identity as a STEM researcher 

(National Academies of Sciences, Engineering, and Medicine, 2017, p. 75). Individuals gain a 

sense of identity by participating in a program led by mentors who come from similar cultural 

backgrounds and engage in STEM-based practices, such as collecting, analyzing, and presenting 

their data (National Academies of Sciences, Engineering, and Medicine, 2017). Both learning 

and professional identity can increase an individual’s confidence and motivation, which can lead 

to academic success and feeling like a STEM professional (Graham et al., 2013). A STEM 

community like the REU Program provides an opportunity for students to work and learn 

together, offering professional opportunities and diverse program components. In the e-portfolios 

and interview, key indicators of attainment value are how a participant discussed their 

association with engineering and related identities, such as researcher and four-year student. 

Each of these identities provide insight to how their identity attributed to persisting in an 

engineering program and intentions to continue into a career in engineering.  

Engineering Identity 

The REU Program provided attainment value to students, allowing them to connect to 

different engineering-related identities, such as four-year student, researcher, and engineer.  

Four-Year Student 

Two participants discussed the development of their identity as a four-year student. 

Participant A stated that joining the REU Program made them feel like they were finally “part of 

the club,” putting an end to the separation they once felt from four-year students.  

I guess just the aspect of just meeting all these new people, of course, you can always 

meet new people from classes, but this felt just completely different. And I don’t know 

why it just, maybe it’s because it was closer to university students.  I think me and I don’t 



  99 

 

remember how many other people, maybe one other person who was coming from like a 

community college or, at least I knew of one person, but it just felt, it felt good to like 

meet new people and see that. Okay. It’s not so bad. I shouldn’t have too much of a hard 

time if I can talk to people here that I’ve never met before. And I have no idea, what 

they’re learning and I’m here, I’m coming from [community college]. It just felt like a 

nice, like here, welcome to the club. You’re fine [emphasis added]. I like that aspect of it. 

Participant E also shared similar feelings, as described in a story about friends who were 

community college students but chose to study at the four-year university’s library because they 

enjoyed the environment. Once they transferred to a four-year institution and could study there 

as a four-year student, they felt like they were finally part of the university. Participant E stated: 

While I was at [my community college], my friends and I would actually go to [their 

four-year institute library] to study and we were just looking around and [think] wow, 

this is really nice compared to [our community college] stuff. I mean, [our community 

college] stuff is good, but [their four-year institute library] is like, whoa. So, we were 

around all the time studying there. When, I finally transferred, I was sitting in the same 

places at [their four-year institute library]. I was just like, wow. This is mine now.  It’s 

real. I’m not just sneaking in here to study. I have the student ID [emphasis added].  

The coding process was similar for each of these responses from Participant A and E, but 

different. As these each were categorized as attainment value, these specific task values were 

influenced in different environments, the REU Program and K-20 education experiences. 

Participant A began her identity development as a four-year student as an REU while 

Participant E discussed their identity development as a four-year student once they transferred.  
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Researcher 

The REU Program considered engineering identity development through experiences and 

presentations surrounding research. The purpose of this NSF funded program is to recruit more 

STEM students to pursue graduate school and research. For Participant H, the REU Program 

experience made them feel like a “small fish in a lake” in the research world because they were 

surrounded by many people working on their “crazy” ideas. One other participant shared that 

they could identify with research and also gained confidence in their ability to do research as 

they acquired a toolset to address research problems. For instance, Participant J shared that after 

the program, they could confidently say “I’m the researcher.” Participant J most clearly stated 

how this experience made them feel like a researcher. 

After the program, I feel like accomplished something and I’m the researcher [emphasis 

added]. I can find the solution to the problem. Just gave me some confidence that I can 

solve, I can use something. But often like, okay, now I can solve the problem. We say, 

sure, I can deal with any problem that can come up to me. It gave me some tools from the 

REU Program that you have made me do that. 

Engineer 

Five participants specifically discussed their relation to being an engineer as a REU 

Participant. Participant G that exemplifies what those five said: 

I think it definitely increased my confidence level as an engineer and as someone who is 

able to solve problems. When you have no idea what you're supposed to be doing, or you 

have no idea how to, how to approach something, you know, not to be as intimidated by 

that. I think that is definitely one of the biggest things that [the REU Program] changed. 
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The experience helped to increase Participant G’s confidence as an engineer, making 

them feel less intimidated by difficult problems. It also helped some participants see what types 

of engineering were a good fit. Participant I found that the electrical engineering content was not 

something that they could relate to, feeling better suited to Mechanical Engineering. When asked 

how the REU Program impacted their self-image, Participant I discussed how their confidence as 

an engineer developed: 

It gave me a lot more confidence. I definitely felt a lot better about myself being an 

engineer, than before. I think the biggest thing is that it really made a big impact on my 

self-confidence in a positive way. 

The REU Program had a significant impact, influencing attainment values related to how good 

they felt at math and science, as seen in Participants H and I. Participants also associated 

themselves with a specific engineering and specific discipline, as seen in interviews with four 

participants. Another influence on attainment values were role models. Participants E and J 

shared that they had family or friends who were engineers, another way they associated 

themselves with engineering.  

In the e-portfolio entries, students listed hashtags associated with their entries and shared 

words associated with identity by using the terms related to being an engineer or doing 

engineering while participating in the REU Program. Hashtags can be a way of a way of an 

individual expressing their self-perception. Twitter and other social media platforms have 

become a place where people can express themselves linguistically (Page, 2012). Social media 

has provided an opportunity for people to write about themselves or self-brand by constructing 

their identity as a product to be consumed by others (Page, 2012). Wikström (2014) also adds 

that hashtags can describe meta-comment (a verbal or nonverbal expression of what they just 
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experienced). The most frequent hashtag used by the participants was #engineering. Of the 95 

posts, there were 32 that referenced engineering within their work. Students identified these 

posts as examples of their own work with engineering. An example post associated #engineering 

with the a specific technical software used to design: 

In another weekly technical lab under [ERC], we were given an introduction into 

SolidWorks software. Under instruction by one of our more experienced peers, we were 

shown how to create designs that could be used in drafting or be printed out from a 3D 

printer. As part of the session, we designed a simple flange and pulley and experimented 

with basic SolidWorks features like fillet, smart measure, and circular pattern. 

The second most frequently used hashtag referred to engineering specialties, such as 

#electricalengineering or #electricalengineer. Most of the research projects were electrical 

engineering. There were 24 posts that included #electricalengineering or #electricalengineer. 

Associated posts would include artifacts from participants applying electrical engineering 

practices. A post that demonstrated strong electrical engineering skills associated 

#electricalengineering with a research project about an economical transportation solution 

describing the efficiency, charging time, and final state of charge with heavy technical language: 

Three practical topologies for the EcoPRT modeled in Simulink. Comparisons of the 

models were made in terms of efficiency, charging time and final state of charge (SoC) 

difference. The initial image is an active topology that utilizes two pairs of switches and a 

capacitor to transfer energy from cell to cell. Picture two is the basic shunt resistor model, 

which is a passive topology that converts excess energy in a high SoC cell into thermal 

waste through a resistor. The final image is a derivation of the shunt resistor. This model 
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significantly reduces charging time by allowing the input current to bypass the high SoC 

cell, so it can operate a charging and balancing process simultaneously. 

Other identity hashtags included other specialties, such as nuclear engineering and computer 

engineering/computer engineer. Students identified a post as examples of their own experience 

with nuclear engineering. An example entry associated #nuclearengineering related to a field 

trip: 

From this experience I was able to take home a very descriptive and informative insight 

on how nuclear power works. The reactor that I was able to encounter on my tour was a 

1-MW pool-type nuclear research reactor that is administered by the Nuclear Reactor 

Program. 

Students also identified a post as examples of their own experience with computer engineering. 

An example entry associated #computerengineering related to a technical experience: 

I was working on the python script that would be embedded in the oscilloscope and 

would ease the capture of data (voltage and current) in the computer. 

Students also created hashtags associated with the ERC and other neighboring research centers 

and institutes. An example entry associated #ERC related to a technical experience: 

In one of the tours at the [ERC] rooftop, REU Students from [the two active ERCs] got 

together to learn about solar panels, inverters, and controllers. 

Each of these associated hashtags provided examples from participants of how they 

experienced engineering in the REU Program. 

Overall, there was not a particular demographic population in which they identified with 

associated activities with being a four-year student, researcher, and engineer. 
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Interest Value 

Engineering persistence and student motivation is strongly correlated to students’ interest 

(Perez et al., 2019). As Matusovich et al. (2010) describe, interest value refers to doing a task for 

enjoyment, in this case enjoyment experienced in activities related to engineering. From the data, 

participants’ strong interest in engineering-related activities was influential to their decision to 

complete their engineering degree and continue into an engineering career. When coding, 

markers for identifying interest attributed to the definition of interest from the Oxford dictionary, 

including “the state of wanting to know or learn about something or something” or “excite the 

curiosity or attention” of the participant. Each word related was dissected to identify alignment 

with the definition.  

Day to day tasks of an engineer 

Seven participants recalled an interest in in their research project through their experience 

as an engineer. These were identified in a similar process as the e-portfolios by reviewing the 

feelings and actions of the participants that aligned with the definition of interest. Participant C 

demonstrated an interest in the opportunity to submit a conference paper from their research 

project, which is not typical for an undergraduate student. It wasn’t accepted, but the possibility 

of being accepted was “neat” to Participant C. Participant C also shared another occasion when 

they worked on a project in their spare time and through the night. The participant did not state 

that they “enjoyed” the activity, but for a participant to work overtime on something that was not 

even required demonstrates a strong interest in the work: 

So [my graduate mentor] and I built this in our spare time, we had pulled a couple of 

overnighters and just bunches of trips to Home Depot and built this thing out of scrap 

parts. And it’s essentially the top part that you see with the six similar circuits all the 
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time, it’s got six coils and six sets of circuitry. That would be the vehicle. And then all of 

the coils on the bottom would be the roadway they’d be embedded in a roadway. And as 

you just drive along with this whole thing, and it actually worked, it really worked 

[emphasis added].  

Participant I shared other occasions when they were asked to work on projects at ERC 

outside the scope of their REU project. Others enjoyed working with a new technology like 

semiconductors, which helped to develop Participant A’s passion for programming. In addition 

to discovering interests, participants also gained clarity on what they didn’t like about research:  

Personally, it gave me a lot of perspective on what it would be like if I were to pursue a 

master’s or, a Ph.D. It gave me a really good perspective on what research is like, and the 

kind of work environment and work experience that entails. In the end research, like 

pursuing a Ph.D. or master’s or something like that, and doing research, was not for me. 

Obviously, I got my bachelor’s and I’m working now, but I mean, I think [the REU 

Program] did a very good job of helping me decide that career path. It really gave me a 

lot of that information and how you would go about doing that, and, and all the different 

opportunities. 

Notably, all ten participants discussed an interest in engineering activities. Six 

participants shared their interest in math, science, and engineering-related tasks similar to their 

research project. Participants shared their interest in learning how things work, solving problems, 

project management in an engineering project, hands-on, designing, building, and the application 

of engineering. They also shared their passion for specialties within engineering such as 

renewables, power electronics, programming. 
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These experiences where students could explore, test, and tinker were not new. Seven 

participants told stories of tinkering and exploring external to their education. For example, 

Participant B played with computers and figured out the configuration system from their 

computer games. Participant E described how they spent hours with their friends making plugins 

and writing language for a public server as part of Minecraft. Participant I worked on their social 

media’s programming script. Participant D enjoyed helping their father work on the mechanics 

of their car. Others noted that they loved the aspect of problem solving, taking things apart, and 

solving puzzles. Their stories demonstrated that engineering is a central interest, and they truly 

enjoyed its associated tasks. 

In their e-portfolio entries, participants didn’t discuss many things that they enjoyed, 

though occasionally they spoke of their “delight,” “pleasure,” or an interest in exploring a topic 

further. Many recalled different components of the program, such as the SAS Tour, ERC’s 10th 

Annual Conference, Perfect Pitch presentation, or research. One participant stated:  

It was my pleasure to present and discuss my summer’s research on the ‘Dielectric 

Testing Method Under Sinusoidal and Square Waveforms’ with students and guests.” 

Generally, there was minimal discussion of their interest in the different tasks. 

Participants’ interest in engineering influenced students’ persistence in an engineering 

degree and to continue into an engineering career. As they spoke of different values, participants 

would come back to their interest in activities related to engineering and if they preferred the 

research or industry environment as shown in the quotes discussed.  

Becoming an engineering professional 

The REU program included a research poster, which was a cumulative presentation of 

their summer research. REUs also practiced a small pitch for two symposiums based on their 
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Perfect Pitch presentation and additional training for this activity. The first symposium was at a 

smaller venue with another REU Program; the audience was their peers, mentors, graduate 

mentors, and other people from the ERC, who came to see the work from the program. The 

second symposium was a campus-wide research symposium to which anyone was invited. Three 

participants found this experience enjoyable, including creating their poster and the environment 

of the research symposium. Participant J said:  

It was something like we had to create a summary of what we’d been working on over 

the summer, as well as like applications and the way that people would understand it. 

And we had to present it wearing some formal clothing in a formal environment. And you 

have to talk with students, those students who work on their projects. And that was just a 

really neat and enjoyable experience. Like, to learn more about what other people are 

doing, presenting my own ideas, talking to people who may not be familiar with the 

electrical engineering ideas involved. And so you have to like practice that skill [in 

emphasis]. That’s something I carry on. Like even in my current job, when I talk with 

people who aren’t too familiar with the cloud, I’d explain something like that.  

Participant I was excited to create their poster and use their artistic skills to create 

original drawings for it. In addition to the research symposium and poster session, four 

participants enjoyed interacting with others in the program. Participants A and H mentioned the 

difference between their experience taking classes at community college and the REU Program. 

Two participants also shared how they enjoyed the interaction with industry on tours and being 

in a professional environment where they learned more about their work. 

The program offered many opportunities for technical and professional skill 

development. Participant A mentioned developing their problem-solving abilities and technical 
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skills, and Participant C cited learning CAD Modeling. Participant G, who was skilled in 

SolidWorks and was a great asset to the REU Program as well as the ERC, was asked to teach 

one of the technical labs. The Ph.D. student who typically runs the labs thought Participant G 

was more equipped to teach the lab.  

I have one hour to prepare a one-hour curriculum, but I think that was, that was a good 

thing because it kind of forced me to really think back to all right, what was it like when I 

was learning SolidWorks: What did I find useful? What was not useful? How can I 

communicate as many things to them simply in a short amount of time with a short 

amount of time to prepare? It was definitely a challenge. And to be honest, I kind of had 

to make it up a little bit along the way, but I feel like it, it kind of kept me on my toes 

and, and, and forced me to, to be able to make those short-term quick decisions, um, 

while making sure that I was, you know, helping people and teaching them something 

that was really cool. 

Overall, many participants enjoyed the experience. Participant D recalled being out of 

their comfort zone, which led to personal growth they were proud of. Participant B recalled times 

where the program would gather for pizza and hear from guest speakers. Additionally, aspects of 

the program allowed the participants to understand what they liked and didn’t like about 

engineering, and as shared in attainment values and clarity for their career, including whether 

they wanted to pursue computer engineering, mechanical engineering, aerospace engineering, or 

electrical engineering. This ultimately helped participants’ to not only persist in engineering but 

explore the discipline and consider future job opportunities. 
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Utility Value 

Utility value was assessed by analyzing how engineering is useful to the participant and 

the influences onto their engineering career, as based on the definition given by Matusovich et al. 

(2010). Students frequently described the components of the REU program that they found 

useful and applicable to an engineering career.  The coding process included some complexity to 

identifying utility value for the e-portfolios and interviews. For the e-portfolios, the entries, 

skills, and tags were analyzed separately because the results were presented as descriptions and 

lists. For entries, key statements were identified as a component that was useful for engineering, 

including skillset, education, and career. All skills were identified summarized. The purpose of 

each e-portfolio entry was to demonstrate useful experiences from the REU Program and all 

related to engineering. For the interviews, the coding process to utility value began with 

identifying significant experiences that were useful for engineering before proceeding into the 

sub-categories. The following themes were inductively discovered within utility value. These 

tasks and activities provided support and professional development for these participants to 

complete their degree and continue into engineering.  

Positive influences to pursue engineering 

Three participants recalled experiences in their K-20 education experience that were 

useful in pursuing an engineering degree and career. Participants were influenced to pursue 

engineering by a club, class, or teacher that helped to develop and recognize their engineering 

skillset. Participant B exemplified what the three participants shared: 

I think in middle school, I had a science teacher who was science or math. I felt they were 

really supportive of my interests. It allowed me to pursue certain areas that I was 

interested in. Then in high school I had a professor who was my high school teacher for 
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my chemistry class. He was really interesting. I liked the notion of exploring how 

different chemicals interact and whatnot. So, I liked the notion of how things worked and 

studying science and a little bit of technology. I also grew up around computers at home. 

This [time frame] is like the early 2000s. 

Participant F attributed their homeschool experience in a “family of engineers” as a 

contributor to their pathway to engineering. Participant F said, “I’m naturally wanting to go into 

[engineering], and I legitimately enjoyed it.” The participant explains: 

My mom homeschooled me and my mom and dad did a lot to make that a really positive 

experience. And my dad was a really positive influence on me working on projects with 

me and that kind of thing. I had my whole family around me that can do [engineering]. 

I’m naturally wanting to go into that, and I legitimately enjoyed it [emphasis added]. 

Eight participants found their community college experience useful because it provided a 

quality education at a lower price. Many participants discussed the quality of the engineering 

program at their community colleges with hands-on learning and visual aids. Participant A said: 

[Community college classes] were actually fun. There was a further introduction to 

engineering. There were lots of like hands-on activities. And I feel like I'm more of a 

visual learner. So especially at [the community college] I got to see more visual aids and 

walkthroughs and whatnot through the professors. While at [the four-year school] for 

their program, it went further into went more in depth into the algorithms or the aspects 

of a programming language.  

They had small classes and a closer community as compared to a four-year school. There 

were other financial benefits too. Participants concerned about student loans found community 
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college an inexpensive option for completing their general education requirements. Participant G 

stated: 

The choice came along one because they had a pretty good engineering program, but two, 

because, it was going to be much more inexpensive for me to start at a community 

college and then transfer over. And it would be easier for me to have the ability to stay at 

home those first few years and work and save money and take a chunk of college debt or 

what would have been a much more significant college debt. 

Others discussed the different faculty and staff at the community college that were useful in their 

undergraduate engineering journey. Four participants talked about the strong support from 

instructors, including face-to-face meetings and the impact of instructors knowing the students’ 

names. Community is important to the participants. They found it useful and significant to 

connect with other students through study groups and peers at a community college and a four-

year institution.  

The REU Program provided tools to be successful in research, undergraduate studies, and 

future careers. Participant J also found the program helpful in transitioning to a four-year 

institute, seeing it as a bridge between the community college and the four-year institute. 

Participant A discussed the how the program was able to provide the feeling of university life 

compared to community college, which more resembled a high school environment.  

Strong Mentorship 

The REU participants spent a significant amount of time with their graduate mentor 

during the research project. One of most useful factors in success in the REU Program is 

graduate mentorship. Two participants recalled how their graduate mentor helped support, 
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challenge, and encourage the participants in different challenges (D, G). Participants shared that 

their graduate mentors were willing to teach and be patient with them. Participant D said: 

My mentor, [name]. I remember he was great. And he just taught me so much. He was 

patient with me. He taught me more finite element analysis that I really enjoyed. It was 

cool to know that I can use software to actually get data and manipulate it. 

Additionally, the mentors impacted the participants by helping to develop their 

confidence, modeling different skills and thought processes through their own work, and “setting 

up” the different components of the research experience by providing tools to approach their 

given tasks that day. Participant C talked about useful experiences of submitting a conference 

paper and working on a project outside of the research project scope. Each of those experiences 

included work with their graduate mentor. The significance of mentorship was validated when 

Participant B shared a negative experience with their graduate mentor. Participant B shared, 

I think he is a really smart dude, super knowledgeable, but he was very, very hands-off. 

So as a result, I don't think that he took the time to really cultivate that information to 

kind of help guide me to the solution that I think I needed. One thing I learned in the Air 

Force that I thought was really valuable is, ultimately when you are working with 

somebody who is essentially your subordinate, you want to basically teach them to 

replace you. That is your goal as a supervisor is to essentially transform individuals from 

individuals who may know something about the tasks to basically being able to replace 

you because as people get older, they are going to move throughout different stages of 

their lives. So I would eventually move to a more seat in this case, [his graduate mentor] 

would move to a more senior position and I would eventually move into his position. 
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Participant B provided evidence of the influence of poor mentorship in an REU Program 

and the detrimental influences it can have on a participant. This experience did not impact the 

participant’s persistence but did discourage them from participating in research. 

Skill Development Experiences 

Through the research project and mentorship, participants discussed the many 

opportunities to develop their technical, professional, and research skills. Many students 

discussed specific technical skills gained from their research projects, such as LT spice software, 

SolidWorks software, Python programming language, and different tools used in hands-on 

training. For the technical labs, five participants discussed gaining technical skills and tools 

software, CAD, 3-D printing, infinite analysis, soldering, learning, and testing code. The students 

learned hands-on instructional practices in the lab with real-world application as well as 

problem-based learning approaches that developed their experiences with tools and were 

applicable to their research project, undergraduate engineering curriculum, and engineering 

careers. In the e-portfolios, a participant learned how to tools and preserve through a technical 

lab as shared: 

In another technical lab session under [the ERC], we were introduced to the topic of wide 

band gap semiconductors and power electronics. After a lecture on transistors and 

semiconductors, we were given a board and tasked to solder multiple SMD capacitors of 

various sizes as well as a jumper. As I had no prior experience soldering, I got assistance 

from my experienced teammate and learned how to properly use a soldering pen, flux, 

and solder. Although it was difficult at first keeping the SMD in place, by the end of the 

session I was a lot more adept at using the tools [emphasis added]. 
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In addition to useful technical skills, students gained significant professional skills from 

their research project, such as working in a team environment and learning project management, 

cited by all ten participants. Participant H shared: 

The biggest things I got from [the research project] is the idea of working with a team 

and keeping track of parts and making sure that you're helping each other when you're 

working in a big project with this, cause like you have to keep your own part, but you 

also have to watch out for their parts as well. And you all have to keep working together 

to make sure that you can keep the same project in step with the schedule. 

Participants mentioned opportunities to develop their communication skills through 

summarizing their research, conveying something quickly, connecting to real-life applications, 

and answering questions about their research in a professional manner and atmosphere. In the e-

portfolio entries, one participant stated: 

Through this experience I was able to grow more in my networking skills, presentation 

skills, but more importantly I was able to build up more confidence in my ability to do 

research and successfully present it to others.  

Two participants describe challenges with written communication presented by the 

Literature Review and creating a LinkedIn page, though they understood the value of those 

skills. A participant who speaks English as a second language shared how the Perfect Pitch 

helped develop his English communication skills for his career. Another deliverable was a five-

page literature review. Participant H felt no paper was ever as difficult as the Literature Review, 

which shifted their perspective on their own skill.  

Again, like I mentioned in college, I don’t think I wrote something more in-depth as the 

literature review, maybe around that level. But that was the first big piece of writing that I 
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did. And it’s something I’m still proud to say I did because it’s professional and it seems 

like you had all this information and a lot of research into it and actually is something 

that I can keep hold up (to say that I’ve done). 

Another participant shared the opportunity the REUs had to attend the ERC’s 10th 

Annual Conference where engineering faculty, researchers, and industry partners gathered to 

celebrate the ERC with a conference and formal dinner. A participant shared that it helped make 

the process of approaching other professionals less intimidating. Other networking opportunities 

offered students experience with networking, increasing confidence in their ability to network on 

the industry tours. Participant D shared that they created an “alter ego” as described below: 

I was more introverted than extroverted, but the program definitely impulses me to be 

more extroverted as it was required. Again, during all the tours we did, you know, I’d say 

like SAS. We went to other laboratories. It just helped me more gain a sense of 

confidence into how I can also have an alter ego and, go work off of that and just use that 

alter ego as a way that I can communicate with people and just get rid of that stage fright 

and just be confident in what I’m saying [emphasis added] and I think that’s the greatest 

thing I was able to  play out of it because now I’m more comfortable in my shoes when I 

do these things talk in front of you know, multiple, a multitude of people I’m more 

comfortable now than I was. 

The e-portfolio components that pertain to utility value are noted in the entries, listed 

skills, and hashtags. The students’ entries include discussion of many occasions that provided 

utility value. 

Figure 4.1 provides a visual representation of the tasks listed in the e-portfolio entries. 

Most of the posts discussed the technical workshops (n=19). The second most mentioned task  
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 was the industry tours (n=15), followed by the research poster (n=7), Perfect Pitch professional 

development (n=7), literature review (n=5), undergraduate research symposium (n=5), the ERC’s 

10th Annual Conference, projects that went beyond their research project (n=2), and unrelated 

posts (n=11). There was some confusion about what was required in the e-portfolio, causing 

some students to discuss projects they worked on independently outside of the REU Program. 

REUs were provided a lot of freedom in posting their entries; participants were highly 

encouraged to post about the REU Program, but some chose to explore other experiences as well. 

However, these results show that the participants valued the technical workshops over the other 

structured activities within the REU Program.  

In Portfolium, students are also provided the opportunity to list in their post the skills 

demonstrated or gained, which naturally connects with utility value. Table 4.1 shows the skills 

listed in the posts related to the REU Program and their frequency. The main themes of the 

REU’s skills in the e-portfolio posts were technical skills (n=78), electrical engineering and  

Figure 4.1. Frequency of tasks discussed in the e-portfolio posts 
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Table 4.1. Frequency of skills listed in the e-portfolio posts 

Skill Area Frequency 
in posts 

Skills  

Technical Skills 78 Soldering (18), miscellaneous software applications (15), tool 
use (14), SolidWorks (11), design skills (9), MATLAB (4), 
programming (3), system administration (2), simulation (1), 
visualization (1) 

 
Electrical 
Engineering and 
Circuits 
Technical Skills 
 

35 Electrical engineering (17), circuit design (11), circuits (4), 
circuit building (2), electronic components (1)  

Communication 26 Presentation development (8), presentation skills (5), 
communication (4), public speaking/communication (3), 
written communication skills (2), oral communication (2), 
memorization (1), elevator speech (1) 

 
Technical 
Concepts 

15 Semiconductors (2), embedded systems (2), PowerGrid, 
transformers, electric vehicles, wireless power transfer, 
robotics, environmental economics, green energy, green 
infrastructure, energy conservation, additive manufacturing, 
wide bandgap 

 
Research Skills 15 Research (4), research & sourcing, research ability, research and 

planning, research and writing, data analysis, literature, 
literature review (2), Zotero, creativity & innovation, testing & 
analysis 

 
Teamwork 13 Teamwork (12), teamwork & collaboration (1) 
   
Networking 10 Networking (6), networking skills (2), conference (1), 

networking events (1) 
 

Engineering 1 Engineering 
   

Aerospace 
Engineering 

1 Aerospace engineering 
 

 

 circuits (n=35), communication skills (n=26), technical concepts (n=15), research skills (n=15), 

teamwork (n=13), networking (n=10), engineering (n=1), and aerospace engineering (n=1). The 
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results prove that the participants valued the technical skills more than professional skills during 

the experience.  

In their e-portfolio posts, students expressed their engineering utility value of the REU 

Program using hashtags. As described in attainment value, students generated hashtags that also 

included skills. Students used different hashtags to describe their posts. In Figure 4.2, the word 

cloud represents the most frequently used hashtags. Terms that could identify the program were 

removed, though the ERC and two other organizations on the university’s campus were also 

frequently used hashtags.  

Participants mentioned technical skills more in their e-portfolios than the interviews. No 

participant mentioned that one type of skill was more significant than the other, but these results 

could have occurred because of the nature of the e-portfolios and the additional experiences 

participants have gained when they completed the interview.  

Figure 4.2. Frequency of the hashtags used in the e-portfolios associated with the posts from the 2018-
2019 REU Program created using NVivo software.  
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For the e-portfolio, participants had to provide a physical/virtual artifact(s) to upload to 

their e-portfolio. In addition, participants were required to complete deliverables as outcomes of 

their professional skill development. However, these skills are more abstract than showing a 

tangible product of the participants' technical skills. Participants in the interview also mentioned 

different experiences where they have used their professional skills. During the program, the 

REUs did not see the value of these skills for future engineering work and opportunities. Still, 

the retrospective perspective from the participants in the interviews demonstrated that they were 

just as significant as technical skills. 

Personal Growth 

Four participants felt they experienced personal growth in addition to the acquisition of 

technical skills. Participants felt pushed out of their comfort zone and got used to being 

uncomfortable in situations, an effect they deemed positive. Even a participant who struggled 

throughout the program felt that the experience was still valuable because they faced many 

moments of adversity that challenged them to grow. In most of the interviews, participants 

discussed their confidence in various ways, including in professional skills, engineering, and 

overall confidence as a person, demonstrating this program’s significant impact on capabilities as 

well as self-image. The REU Program impacted their utility values with the experience itself, but 

also their attainment values by getting them into the engineering mindset for their four year 

school: 

[The REU Program] helped me get into the sort of engineering mindset that I needed to 

be in for school too. We’re basically just having to find resources on our own and 

working on a problem until we can solve it. I probably could have asked for help sooner 

on uncertain things, but it definitely, helped build self-confidence in my abilities and it 
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helped build a bit of like persistence into my personality to keep trying at something, 

even if I feel like I’m failing at it. 

Career Clarity 

Six participants found that this experience helped them gain clarity on what type of 

engineering they were interested in pursuing and whether to pursue a career in research as a 

Master’s or Ph.D. student. As shared in intrinsic values, there were individuals who didn’t enjoy 

doing research in engineering, preferring industry-type positions. Participant B shared that 

research had too much of an unstructured approach and preferred a structured approach in 

engineering with project management methods like Agile (Cohen, et al, 2004). Participant A 

participant found their research project helped them discover their passion for programming. 

Overall, I felt like my project was different from other people because I didn’t really have 

something. It was mostly a proof of concept. I felt bad because I didn’t even complete it 

because it was a hard task, like on its own...I didn’t get the main end goal for the team 

itself. I still did my best. I still went in from having no knowledge to getting a lot of 

knowledge and finding my passion for programming from that experience. Because again 

without attending (the program) I don’t know if I would have found that passion from an 

introduction class, like at [their four-year institution], because that’s hard as it is for a lot 

of people.  

Resume Builder 

Some participants viewed the program as a useful resume builder. A few participants 

mentioned that being able to talk about different experiences within the REU Program or just 

having that experience on their resume was significant for pursuing job opportunities. Participant 

G developed as a professional and found the experiences useful for future opportunities: 
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[The REU Program] was able to build up experiences and, and really fill out my resume 

and give me more things to discuss in future internship interviews and in job interviews 

and things like that. I think it also built a lot of my professional skills in terms oral 

communication, written communication, just research in general and finding sources. 

Personally, I think it gave me a little more confidence moving forward since that was 

such a large impactful experience. And it was like, okay, you know, since I was able to 

do that and get over those challenges that were uncomfortable at the time, I was able to 

work through them. I think that has helped me moving forward when I've run into similar 

challenges and being like, okay, I can work through this, I can do that again. 

Participants also talked about how it was useful to learn more about pursuing a Master’s 

or Ph.D. Program, pathways most had not considered. Even though some shared they may not 

pursue graduate degrees, they felt it was useful to know about these options. Many participants 

chose to reflect on the overall experience by seeing the benefits, including resume building, 

career clarity, and preparing for future opportunities. The experiences helped them prepare for a 

four-year college, graduate school, and industry.  

More useful for certain disciplines 

Three participants noted that the program is catered towards certain types of students. 

Particularly, one student shared that they already had work experience which made some of the 

sessions repetitive, though they understood how a younger student could find these components 

beneficial. Others shared that they found components of the program that pertained to different 

disciplines not as useful. Participant J shared: 

Some of the talks I didn't find as interesting as I was thinking about computer science, 

and it was mostly engineering talks. 
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But all participants found the overall experience useful in some aspect. Participant E 

discussed the writing component of the REU Program: 

No one really gets excited about having to sit down and write like a professional 

LinkedIn profile, but it's still always a good thing. 

Participant E shared that they would recommend the program to others, saying that it 

contained “a whole lot of constructive and enriching experiences, including the events, 

workshops, and tours” in a short amount of time. Generally, most participants appreciated the 

overall process of the research project during the experience, and some shared that they found 

everything useful.  

There were five participants who found high utility value in the REU Program and were 

in Electrical Engineering, Computer Engineering, and Computer Science. However, two 

participants in the same majors experienced less value. These two participants also worked on a 

research project independently and did not speak highly of their mentorship as other computer 

and engineering students did. 

Cost Value 

There were not any clear negative consequences from engaging in a task. Students 

observed that some of the tasks were difficult, at times they felt uncomfortable due to lacking 

confidence, and research can require a lot of time in the lab. However, they also saw the benefit 

of the program and understood the importance of a well-balanced engineer as described in the e-

portfolio post below about the undergraduate research symposium: 

At the symposium, I answered questions as well as presented my research to a varied 

audience. While some questions I found myself a bit uncertain of, I hopefully managed to 

provide a suitable response that helped answer the doubt held by viewers. Through this 
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experience, I learned there’s no such thing as being too prepared, as even with 

preparations beforehand, I still found myself unprepared for some of the more 

bewildering questions. 

Others shared that certain component of the program weren’t as interesting or engaging. 

One participant who attended the ERC’s 10th Annual Conference participant said it was not 

interesting because the technical knowledge was above their head. Three participants discussed 

difficulty and disinterest in writing the literature review and their LinkedIn page but did 

understand the purpose. There were many who were not as interested in the electrical 

engineering topics, which is at times made some participants not as interested in the task, though 

they found the experience beneficial to understanding other disciplines and gaining clarity that 

this was not the field they wanted to pursue. As shared earlier, one participant with work 

experience found certain components within the REU program repetitive and saw the experience 

as more suitable for younger undergraduates without work experience.  

The Transfer to Community College 

Five students discussed the challenges of transferring to and attending four-year college, 

whereas other participants did not find that transition too difficult. Participants discussed the 

strong utility value of attending a community college, which tended to make it more difficult for 

students to adjust to the four-year institution atmosphere, where classes-- particularly 

engineering classes--are larger and professors not quite as accessible. Community college 

provides the general education courses, meaning students who transfer to a four-year college 

must take the remaining, higher level engineering classes in this bigger and less personal 

environment, which may prove challenging. Seven participants discussed difficulties of their 

engineering courses at their four-year school, including lacking skills or background knowledge, 
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difficult professors, and less practical applications within the engineering curriculum. Some 

students also had difficulty transferring their credits, sometimes having to take additional courses 

they hadn’t planned to. Transferring students struggled to find study groups to help with difficult 

classes or peers to connect with. Some stated they felt first-years all over again, entering an 

institution where many students already had established relationships.  

Obstacles associated with identity in an engineering undergraduate program 

Participants also talked about difficulties arising from other identities while completing 

their engineering degree. Two participants shared their concern about the lack of women in 

engineering in their classes. Another participant who is a first-generation student felt the 

challenges of not having someone in their family to help navigate the four-year college system. 

It’s difficult as a first year or a first-generation college student because my parents didn’t 

go to college. It’s difficult just navigating college in general. Cause I think that I feel like 

there is this overall like sentiment, especially now that I’m older that kids, parents, at 

least one parent has gone to college and kids can like kids. Yeah. Students can reference 

their parents when they are struggling with things or need to know stuff. And I don’t have 

that... So she’s struggling with the same things as me. I feel as a first-generation student, 

there’s a lot of struggles there in undergrad because there’s just a lot of assumption that 

you have help from your parents that you may or may not have [emphasis added]. 

Participant I emphasized “the assumption that [students] have help from your parents that you 

may or may not have.” Other identities also presented challenges for Participants C and I, who 

discussed working; Participant C shared that they were a full-time professional attending a four-

year school full time. Balancing a full-time position and a challenging engineering curriculum 

brought difficulty and stress.  
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Unsupportive and isolating environment on a research project 

Cost values were low for the REU Program. One participant did not have a supportive 

mentor, and others found certain activities less relevant to their interests and goals. As 

demonstrated, mentorship is significant in making a REU experience. Graduate mentors are the 

first point of contact, guiding the participant in their research experience, answering questions, 

and supporting them throughout their journey. Participants also seemed to thrive when they were 

in a team of other REUs to collaborate on the project. Participant B was the only REU teamed 

with a graduate mentor who used a hand-off approach with a lack of structure. The participant 

also felt isolated due to their project being at a different location than the ERC where most of the 

REUs conducted their research.  

It was very open-ended. So, I was sort of in this lab, it was not on [the ERC’s university] 

campus. It’s a little off the ways. So, I was kind of by myself for the most part, and it was 

just like here, figure it out. And so, for me, I was like, I could use a little bit of help here. 

I didn’t really know what I was doing. So that was like a little bit challenging, but the one 

thing that I really enjoyed was every week we would get together as a group. 

The participant shared their challenges and demonstrated how significant it was to be in a 

collaborative setting. As discussed in the previous values, participants valued community and 

interacting with others in their research, undergraduate research program, and their engineering 

career. In the REU Program, participants were partnered with graduate mentors based on their 

interest and how many participants they were willing to take as mentees. Therefore, some 

graduate mentors would be able to take 3-5 REUs, while others could only take on one 

participant, which offers less of a team atmosphere.  
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Overall, many participants expressed low costs. Many participants discussed the 

challenge of completing their degree while juggling other activities. Many costs cited were not 

pursuing other careers, such as arts, psychology, physics, and social work. However, all found 

other benefits that outweighed pursuing other careers. Though there were many concerns about 

the challenge of completing an engineering undergraduate program at the four-year institution, 

the participants found low cost values in pursuing an engineering degree because they had higher 

intrinsic, utility, and attainment values. The REU Program ultimately did not discourage any 

participant from completing their engineering degree and pursuing a degree in engineering. The 

experience provided insight and guidance to which pathway they wish to pursue in engineering.  

Chapter Summary 

Each value influenced persistence and continuation into engineering for participants. 

Students strongly valued the interaction with their peers, teachers, and mentors that came from 

their engineering undergraduate program, working on a research project, and in their engineering 

careers. As discussed in Chapter 2, small group work with peers is effective because it offers 

immediate feedback, and students can ask questions and discuss misconceptions (Jaramillo, 

1996). The experience was less valuable to Participant B because of their independent work on 

the research project and poor mentorship, which differed greatly from other participants, who 

said their graduate mentor provided additional opportunities to be challenged outside the scope 

of their project.  

There was no doubt that the components of the REU Program demonstrated strong utility 

value to all participants, most evident in skill development and career clarity. Most utility values 

were identified with their discipline or interest in research related task. Students found the REU 

Program very useful because they could explore what they liked and disliked. Attainment value 
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seemed to be most influenced by participants’ development of their association with engineering-

related activities through the research project, skill development, and industry tour. However, it 

depended on their interests and discipline. As shared in utility value, participants either 

associated themselves with electrical and computer engineering and if they would pursue 

industry or graduate school following their degree. It depended on their preferred discipline and 

nature of the work.  

The interest in the type of engineering and the nature of the work influenced how useful 

the task would be to the participant. Participants in the study described many different 

experiences they had from the REU Program. Half of participants described the experience as 

being a major contributor to finding their passion, bringing them to research, or keeping them in 

school. The other half described the REU Program as a resume builder. The five participants 

who found high value in the REU Program were in Electrical Engineering, Computer 

Engineering, and Computer Science. However, two participants in the same majors experienced 

less value. These two participants also worked on a research project independently and did not 

speak highly of their mentorship as other computer and engineering students did. Overall, 

students who described high value from the program were computer and engineering disciplined, 

working in a collaborative environment, with strong mentorship. 

All participants’ task values were influenced by the REU Program at different levels. 

Students who showed a major influence of the REU Program on their task values were able to 

find their passion within their discipline or switch disciplines. Students were able to determine if 

they wanted to pursue a more extensive program like a Master’s or Ph.D. Program in electrical 

engineering or if they wished to pursue a pathway elsewhere. Participants’ interest value 

determined the influence of the REU program on the other values.   
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CHAPTER 5: DISCUSSION AND CONCLUSIONS 

Introduction 

The purpose of this study is to explore how a community college student experiences a 

URE and its influence on their motivation and values, including its influence on the completion 

of their engineering degree and continuation to a career in engineering. To address the three 

research questions, the study used a phenomenological approach based on the conceptual 

framework outlined in Chapter 1. The conceptual framework applies the EVT to explain how the 

intervention of an REU Program can help community college persistence in an engineering 

program. In this chapter, the researcher addresses the research questions, the implications and 

limitations of the study, and recommendations for future research.  

Limitations 

The first limitation is the framing of the e-portfolios and interview questions. The e-

portfolios were created after considering the question, “What were the ten most meaningful 

experiences for you in the REU Program?” In addition, participants were asked in interviews to 

recall the most three meaningful experiences from their posts. These questions are both targeting 

utility value, therefore there was more utility value–related data compared to the other values. 

The second limitation was the e-portfolio implementation. Not all students included posts about 

the REU Program, and some included personal projects. This resulted in some of the voices less 

represented from the 11 participants in addition that two of the participants did not create an e-

portfolio. The final limitation was the researcher’s relationship with students. Even though the 

researcher did bring an unbiased viewpoint for the students, there will be existing bias in the 

data.  
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Connection to Research Questions 

Research Question 1 

Research Question #1: What did community college students perceive as the values and 

costs of participating in an undergraduate research experience?   

Attainment Value 

Participants were able to have a firsthand experience of life as an engineer through their 

REU experience. Participants’ research projects, technical labs, industry tours, and symposium 

presentations are examples of experiences that played a role in developing their engineering 

identity. The REU program also provided an opportunity for students to understand which 

specific disciplines appealed to them and matched their skills and interests. Their attainment 

values also increased as a researcher and as a four-year student.  

Interest Value 

The participants of this REU program are collaborators who valued the teamwork 

atmosphere within the program as well as in the REU cohort. Because of the sociocultural 

approach to learning, the graduate mentorship was crucial; stories shared by participants who 

were not on a team or had poor mentorship further validated the importance of mentorship and 

collaboration and also highlighted the different experiences students had in this program. 

Participants enjoyed learning in a collaborative atmosphere, some enjoying their research so 

much that they did additional work outside the project's scope. These experiences included 

writing a conference paper, staying up all night to work on a project, helping a graduate mentor 

on their research project, and 3-D printing different projects for the ERC. 

Participants enjoyed developing professional and technical skills and using them during 

labs to develop problem-based approaches to research questions. They also enjoyed sharing their 
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research and learning from others in a formal, professional atmosphere where they could interact 

with engineering faculty and professionals and share the work they enjoyed. Perhaps the most 

significant finding is that participants enjoyed interacting with each other as they developed both 

professional and technical skills. 

Utility Value 

The program included many valuable components. Students were able to participate in 

foundational technical workshops, such as MATLAB and SolidWorks, and advanced emerging 

technologies like wide bandgap semiconductors. Oral and written communication skills were 

valued in the context of engineering, as highlighted by the challenges of communicating highly 

technical content in a 90-second pitch or condensing it into a research poster.  

Career clarity was a frequently discussed topic. Some participants shared how the 

program helped them find their interest in electrical engineering specialties, such as renewables 

and programming, while others mentioned gaining clarity that they were not interested in the 

electrical engineering discipline. The program helped participants develop their engineering 

mindset by facing adversity and discomfort with new experiences. It helped prepare the 

participants for difficult classes and bridge the community college and four-year institute 

experiences. 

Attending a conference and visiting different companies were beneficial to students. 

Without this program, many students would not have had the opportunity to visit companies like 

ABB and SAS, or tour a nuclear reactor, experiences that demonstrate the real-world context of 

engineering and its varied career paths. In addition, the environment of the ERC and these 

companies help students associate themselves with the engineering profession. 
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All participants shared that the program was a valuable resume builder that impacted 

their careers in some way. 

Cost Value 

Participants’ responses suggested low cost value in the REU Program. Participant B 

discussed the highest cost experience related to their poor mentorship and isolation in their 

research project. Others mentioned that they didn’t value the creation of a LinkedIn page or 

having to work on their communication skills, though they understood the importance of these 

tasks. Participants also mentioned experiences within the REU program that were uninteresting 

because they did not directly connect to their discipline. 

Community college population impact 

There was not an overwhelming amount of data that proves this experience was 

particularly impactful to the community college population. Many mentioned that it was helpful 

for the transfer process and emphasized that its greater value was helping them determine what 

they liked and disliked in the field of engineering. The results of this study were difficult to 

prove that it was more helpful to community college students than four-year students without a 

control group. Many things participants mentioned could be described by any student from a 

two-year or four-year school. Most of the discussion of being a community college student arose 

when participants were explicitly asked about their identity. 

Research Question 2 

Research Question #2: What aspects of the REU program did participants value?   

Skill Development Experiences 

Some skills were organically developed through their research projects while others were 

developed through technical labs and professional development sessions. Technical labs 
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provided skills to community college students that most four-year students gain in their first two 

years at a four-year institution. Teaching students the skills necessary for their research project 

and their engineering curriculum sets them up for success. The importance of professional skill 

development was clear in the perfect pitch presentation, the ERC’s 10th Annual Workshop, and 

industry tours, where students saw firsthand the value of these skills. Both technical and 

professional skills are important for preparing engineers and without these intentional sessions, 

participants may have felt very different about the value of the experience. 

The collaborative nature of the REU experience was a critical component of participants’ 

benefits from the research project, technical labs, and professional development sessions. Also 

beneficial were networking events like the ECE 10th Annual Conference and Undergraduate 

Research Symposiums where participants talked and learned from each other and other 

professionals. Study groups in participants' engineering undergraduate program were also cited 

as significant for success. Participant B's feeling of being isolated on the project validates the 

significance of the collaborative atmosphere. 

Becoming an engineering professional 

The research project provided career clarity by helping participants discover their interest 

in engineering and learn about opportunities after they complete their degree. Through their 

research project, students were able to discover if they were interested in electrical and computer 

engineering or a different discipline. The tasks within the research project allowed students to 

see if they related to the types of activities involved. Additionally, they were able to apply skills 

learned during technical labs and professional development sessions. The project itself defined 

the experience for the student.  
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The undergraduate research symposium was the final deliverable of the program. It was 

an opportunity for students to display the impact of the experience on their work and skills used 

in the event, such as networking, concisely communicating technical content, and learning from 

others. The symposium allowed the participants to be creative and celebrate the work they did 

during the summer. It also benefited their future work opportunities by giving them the 

opportunity to talk about the experience and the skills used.   

Strong Mentorship 

Strong mentorship was crucial for the success of the participants in the REU Program. 

The sociocultural constructivist approach in the research experiences allowed graduate mentors 

to scaffold their learning to participants, who could collaborate on a team based on the leadership 

of their mentor. Additionally, participants recalled instances where graduate mentors provided 

engaging projects and opportunities that sparked their interest in different engineering disciplines 

and specialties. Participant B who received poor mentorship described their experience as 

overcoming adversity because they felt unsupported. Strong mentorship that provides 

opportunity for learning and support is a significant component of a URE. 

Resume builder 

Three participants felt the REU program was a good experience but found some of 

aspects of the program not as impactful as their peers did. Two of those participants were 

isolated on a project and all three participants were in a different type of engineering. Overall, it 

is difficult to conclude if the experience was a major contributor to persistence and continuation 

in an engineering career for community college students, but it did influence career pathway for 

these students. The REU Program helped participants develop a skillset and begin to plan for 
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post-graduate pursuits. It is notable, however, that all participants were completing a degree and 

continuing into a career in engineering.  

Resulting Essence and Conceptual Framework 

There were five participants who found high value in the REU Program and were in 

Electrical Engineering, Computer Engineering, and Computer Science. However, two 

participants in the same majors experienced less value. These two participants also worked on a 

research project independently and did not speak highly of their mentorship as other computer 

and engineering students did. Overall, students who described high value from the program were 

computer and engineering disciplined, working in a collaborative environment, with strong 

mentorship. 

 
All participants’ task values were influenced by the REU Program at different levels. 

Students who showed a major influence of the REU Program on their task values were able to 

find their passion within their discipline or switch disciplines. Students were able to determine if 

they wanted to pursue a more extensive program like a Master’s or Ph.D. Program in electrical 

engineering or if they wished to pursue a pathway elsewhere. Participants also reported low cost 

value in the REU activities. No one described an experience in which they did not want to pursue 

engineering because of the REU Program, though many spoke of not wanting to pursue graduate 

school, which is the intended purpose of the REU Program. Using the conceptual framework 

outlined in Chapter 1, participants who had a different interest and were not as interested in 

research found the program had low value. One exception is Participant B, who had an interest in 

electrical and computer engineering, but did not enjoy research, perhaps because of the bad 

experience they had with their mentor. Expectancy value theory’s task values did describe direct 
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implications of the task values for vocational choices. Students’ overall task values did influence 

if they planned to persist or not. 

Implications 

Undergraduate research experiences should include a holistic approach with the 

necessary support to ensure students are successful in their project. The unique opportunities 

shared by the participants were provided by their graduate mentors, shaped the experience for all 

the participants. The participant most negatively impacted by the REU program experienced 

poor mentorship and a lack of support. Technical labs and professional development were able to 

provide support to community college students who may have lacked the skills needed for their 

research and engineering undergraduate curriculum. Additionally, the interest of the students is 

key. Even though in the ECE REU Program, students were matched with graduate mentors based 

on interest, but there was still a lack of interest in some of the topics.  

Based on these results and previous research, skill and identity development are equally 

significant for two-year students as it is for four-year students. Therefore, engineering curriculum 

and non-curricular engineering experience must include the technical and professional skill 

training undergraduate students need to be successful in their curriculum and in their post-

graduate careers. One participant provided an example of a professor who expected them to 

know how to use MATLAB without providing technical training. This study should provide 

another example that UREs support students to develop and support students’ identities as 

researchers, increasing student knowledge of understanding of the research enterprise, promoting 

greater ability to engage with STEM issues they will face as citizens, developing academic skills 

and strategies, increasing student persistence in STEM fields, and guiding student decisions 
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about STEM courses and careers (National Academies of Sciences, Engineering, and Medicine, 

2017). 

It is well-documented that students learn better in groups, further supporting the idea that 

non-engineering experiences that are sociocultural constructive help foster learning in an organic 

way. Participants talked about the significance of learning together in their classes at community 

college and four-year schools, the REU Program, and working together in their engineering 

careers. These types of pedagogies are significant. The benefits of this pedagogical approach in 

the REU Program should provide evidence of the positive influences onto students and provide a 

model for other undergraduate research experience and intervention for engineering 

undergraduate programs (Baker et al., 2015). 

Finally, this phenomenological case study provided evidence that we need more research 

experiences for community college students. As recommended by PCAST, this case study should 

help to advocate and provide support to replace standard lab courses with discovery-based 

research courses. The National Academies of Sciences, Engineering, and Medicine also suggest 

requiring research and other discovery-based experiences through an apprentice-based program 

to address many issues of access and inquiry (2017, p..190). The study provided evidence of the 

significance of any type of engineering experience before graduation. Even the participants who 

didn’t particularly value research found that the program was able to provide insight into the 

field related to the discipline and career pathway following the REU Program. Students were 

able to participate in real-world experience and begin considering their career pathway in a 

critical moment, before continuing into their engineering major and transfer. Even if these results 

can prove that an REU program may impact a community college population differently, the 

program still provides a significant influence on undergraduate experience that all undergraduate 
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students should have the opportunity to participate in. Therefore, there should continue to be 

efforts into providing more opportunities or community college students. 

Recommendations for Future Research 

The first recommendation is to compare community college and four-year students’ 

experiences in the REU program. Even though the results seemed to not present any unique 

qualities for the experience of a community college student, the program could have influenced 

values differently. For example, community college students had high utility value for their 

community college experience because it would reduce their debt and high utility value for 

engineering because of an engineering career offers financial security. Four-year students may or 

may not be influenced by these implications. The second recommendation is to further explore 

the weights of the values within the REU Program. Participants suggested that interest value was 

more significant than utility and attainment values and was why they chose to pursue a career in 

engineering based. However, these conclusions were not confirmed with participants and deserve 

further inquiry to optimize the design of the REU Program. The third recommendation is to use 

this holistic approach to an undergraduate research experience and look further into how 

competence beliefs are shaped by REU programs in comparison. Confidence and engineering 

mindset were shared by participants; thus it would be interesting to see the comparison of the 

results for these research questions. The final recommendation would be to focus on the 

continuation, following participants for 5 to 10 years to see if they remained in the field of 

engineering.  

Conclusion 

The characteristics of this ECE REU Program impacted the community college 

population in a positive way. Unfortunately, these type of non-curricular UREs are not as 
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available for community college students as they are for four-year students. As discussed, the 

participants’ barriers were not because of being a community college student but caused by other 

factors that are present for community college students, such as being a non-traditional student, 

first generation college student, or a full-time employee. The experience was most impactful for 

community college students when they had a strong mentorship, worked as part of a team on 

their research project, and were an electrical and computer engineering student, which is the 

same discipline focus of the ERC.  

The other takeaway is the significance of the other identities of the participants. The task 

values of these participants were largely shaped by their experience prior to community college 

and other identities; serving in the military, full-time employment, non-traditional, female, or 

first-generation student, and working full time during their engineering degree potentially could 

have provided costs that would outweigh their other values. However, because of the other 

values, they were able to persist in their program and continue into an engineering degree. This 

information is important in understanding how to retain students in the engineering degree. Once 

they receive the degree, all participants knew they would continue into engineering. The hardest 

part is retaining students in their engineering degree.  

The National Academies of Science, Engineering and Medicine (2017) suggested that 

requiring research and other discovery-based experiences through an apprentice-based program 

can address many issues of access and inquiry. The study can provide a model of another 

example of the significance of providing non-curricular programs like URE to community 

college students and increasing accessibility to all students. 
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Appendix B: Request for Participation Email  

Subject: FREEDM REU Interview Request 

Dear NAME, 

This is Megan Morin, the previous REU Coordinator during your undergraduate research 
experience at FREEDM System Center - North Carolina State University. I am a doctoral student 
in the Technology, Engineering, and Design Education program here at North Carolina State 
University. For my dissertation research, I am interviewing previous community college students 
who participated in the REU Program. 
  
You qualify to participate in this research if you complete the e-portfolio consent, demographic 
survey, interview, and member checking.  
  
The interview should take approximately one hour. Volunteers completing the interview will be 
compensated with a $25 Visa gift card.  The information you share will remain confidential, but 
there is a chance that some of the information that you share with me, while reported in a 
confidential manner, could re-identify you to others. 
  
Participating in this research is minimal risk and there’s no direct benefit to you. It is neither an 
expectation nor requirement of the REU program, the FREEDM System Center, or any 
relationship that I have with you to participate in this research.  
  
If you are willing to participate, please click here to access the online consent form, e-portfolio 
consent, demographic survey, and let me know your availability to participate in the interview in 
the next few weeks: here. Also note, if you participated in the 2017 REU Program, you did not 
complete an e-portfolio and will select accordingly to the option. 
  
Please let me know if you have any questions or concerns. You can also contact my faculty 
advisor for this research study, Dr. Aaron Clark, at aclark@ncsu.edu and 919-515-6900. 
Thank you for your time and consideration. 
  

Sincerely, 

Megan Morin 
NC State Doctoral Student 
STEM Education 
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Appendix C: LinkedIn Message 

Hello, 
 
This is Megan Morin and I was previously the Graduate Assistant at FREEDM System Center. 
I was the REU Coordinator during your undergraduate research experience at FREEDM System 
Center. I am a doctoral student in the Engineering and Technology Education program at North 
Carolina State University. For my dissertation research, I am interviewing previous community 
college students who participated in the REU Program. Would you be willing to send your 
current email address to share further information? 
 
Thank you, 
 
Megan Morin 
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 Appendix D: Informed Consent for Research 

Informed Consent Form for Research Participants 

 
Q1 Informed Consent Form for Research Participants 
 
 
Q10 Title of Study: The value of a REU Program for an engineering community college 
student’s persistence and continuation (eIRB #24041)  
   
Principal Investigator:    
Megan Morin, Engineering & Technology Doctoral Candidate   
NC State University STEM Education   
724-552-6433, mcpatber@ncsu.edu   
    
Faculty Sponsors:    
    
Dr. Aaron C. Clark, STEM Ed. Professor & Dept. Head   
NC State University   
919-515-6900, aclark@ncsu.edu   
    
Dr. Cameron Denson, STEM Ed. Associate Professor   
NC State University   
919-513-0859, cddenson@ncsu.edu   
    
What are some general things you should know about research studies?   
You are invited to take part in a research study. Your participation in this study is voluntary. You 
have the right to be a part of this study, to choose not to participate, and to stop participating at 
any time without penalty. You are not guaranteed any personal benefits from being in this study. 
Research studies also may pose risks to those who participate. You may want to participate in 
this research because it will help to inform future REU Programs. You may not want to 
participate in this research because of the Primary Investigator's involvement with the program.   
    
Specific details about the research in which you are invited to participate are contained below. If 
you do not understand something in this form, please ask the researcher for clarification or more 
information. A copy of this consent form will be provided to you. If, at any time, you have 
questions about your participation in this research, do not hesitate to contact the researcher(s) 
named above or the NC State IRB office. The IRB office’s contact information is listed in 
the What if you have questions about your rights as a research participant? section of this form.   
    
What is the purpose of this study?   
The purpose of this study is to understand what was influential about the FREEDM REU 
Program. All participants in this study were part of the FREEDM REU Program during the 
summer of the participant's transfer from a community college to a four-year university/college.   
    
Am I eligible to be a participant in this study?   
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There will be approximately 9-12 participants in this study. You are invited to participate in the 
research study because you participated in 2017, 2018, or 2019 REU Program and a student in a 
2+2 engineering program. If either of these conditions are not met, you may not participate in the 
study.     
    
What will happen if you take part in the study?   
If you agree to participate in this study, you will be asked to do all the following:     
 
 

1. You will be asked to provide consent in this Informed Consent Form for Research 
Participants.    

2. You will be offered a copy of this document for your records.   
3. You will be asked to give consent to use your Portfolium e-portfolio as part of the same 

survey (2018 and 2019 REU Programs only). 
4. You will be asked to complete a two-minute demographic survey.  
5. The Primary Investigator will conduct an audio recorded, semi-structured interview that 

lasts a maximum of 60 minutes. See the next section for information about the storing of 
the recordings. The interview will take place on Zoom and will not use video.  

6. The Primary Investigator will then send back her notes/transcript to have the interviewee 
review accuracy (member checking). 

7. Once you have confirmed, you will receive a $25 Amazon gift card in your email.   
 
  
 
Q3 Recording and images 
 If you want to participate in this research, you must agree to be audio recorded through Zoom. If 
you do not agree to be recorded, you cannot participate in this research. Recordings will be made 
on an audio recording on Zoom and stored on a locked location and/or password protected file. 
No identifying information will be transcribed. Complete transcriptions will be stored on a 
password-protected computer.  
 
 
 I give consent. (1) I do not consent. (2) 

Audio Recorded (3)  •  •  

 
Q4 Risks and benefits  
There are minimal risks associated with participation in this research. During the interview or 
while filling out the demographic form, you may be asked to answer questions that may make 
you feel uncomfortable or self-conscious. You are free to skip any question that you would like 
to not answer. You may end the interview at any point.  
 
Because of your participation, we are hoping it will help to inform future undergraduate research 
experiences particularly for community college participants. We do not anticipate you receiving 
any direct benefit.  
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Right to withdraw your participation  
You can stop participating in this study at any time for any reason. In order to stop your 
participation, please contact the student researcher, Megan Morin, at mcpatber@ncsu.edu and 
724-552-6433. You can also contact the faculty advisor for the protocol, Dr. Aaron Clark, at 
aclark@ncsu.edu and 919-515-6900, or Dr. Cameron Denson, at cddenson@ncsu.edu and 919-
513-0859. If you choose to withdraw your consent and to stop participating in this research, you 
can expect that the researcher(s) will redact your data from their data set, securely destroy your 
data, and prevent future uses of your data for research purposes wherever possible. This is 
possible in some, but not all, cases.  
 
Confidentiality, personal privacy, and data management 
Trust is the foundation of the participant/researcher relationship. Much of that principle of trust 
is tied to keeping your information private and in the manner that have described to you in this 
form. The data will be stored securely in a password protected folder. The information that you 
share will be held in confidence to the fullest extent allowed by law.  Protecting your privacy as 
related to this research is of utmost importance to me. 
 
There are very rare circumstances related to confidentiality where I may have to share 
information about you. Your information collected in this research study could be reviewed by 
representatives of the University, research sponsors, or government agencies (for example, the 
FDA) for purposes such as quality control or safety. In other cases, I must report instances in 
which imminent harm could come to you or others. How I manage, protect, and share your data 
are the principal ways that I protect your personal privacy. Data that will be shared with others 
about you will be re-identifiable. 
 
Re-identifiable data is information that I can identify you indirectly because of my access to 
information, role, skills, a combination of information, and/or use of technology. This may also 
mean that in published reports others could identify you from what is reported, for example, if a 
story you tell us is very specific. If your data is re-identifiable, I will report it in such a way that 
you are not directly identified in reports. Based on how we need to share the data, I cannot 
remove details from the report that would protect your identity from ever being figured out. This 
means that others may be able to re-identify from the information reported from this research.   
 
Future use of your research data 
Your information, even with identifiers removed, will not be stored or distributed for future 
research studies.  
 
Compensation  
For your participation in this study, you will receive a $25 Amazon gift card. If you withdraw 
from the study prior to its completion, you will not receive the gift card. 
 
What if you are a NCSU student? 
Your participation in this study is not a requirement of your education at NCSU, and your 
participation or lack thereof, will not affect your job.   
 
What if you have questions about this study? 
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If you have questions at any time about the study itself or the procedures implemented in this 
study, you may contact the researcher, Megan Morin, mcpatber@ncsu.edu, 724-552-6433. You 
can also contact the faculty advisors for the protocol, Dr. Aaron Clark, at aclark@ncsu.edu and 
919-515-6900, or Dr. Cameron Denson, at cddenson@ncsu.edu and 919-513-0859. 
 
What if you have questions about your rights as a research participant? 
If you feel you have not been treated according to the descriptions in this form, or your rights as 
a participant in research have been violated during the course of this project, you may contact the 
NC State IRB (Institutional Review Board) Office. An IRB office helps participants if they have 
any issues regarding research activities. You can contact the NC State IRB Office via email at 
irb-director@ncsu.edu or via phone at (919) 515-8754. 
 
Q7 Interview Consent To Participate 
 
By electronically signing this consent form, I am affirming that I have read and understand the 
above information. All of the questions that I had about this research have been answered. I have 
chosen to participate in this study with the understanding that I may stop participating at any 
time without penalty or loss of benefits to which I am otherwise entitled. I am aware that I may 
revoke my consent at any time. 
• Yes, I consent to participating in this research study.  (1)  
• No, I do not consent to participating in this research study. Thank you for your 

consideration.  (2)  
 
  
 
Q11 E-Portfolio Consent to Participate 
 
We collected data from REU students associated with your experience at the ERC FREEDM 
Systems Center. During the 2018 and 2019 ten-week programs, you created weekly entries in an 
e-portfolio on the platform, Portfolium (www.portfolium.com). The results of your entries are 
requested to use in this dissertation. 
 
Confidentiality: The records of your entries will be kept private and confidential. No report will 
include information that will make it possible to identify any subject. Research records will be 
stored securely, and only the researchers mentioned will have access to these records. 
 
 
  
Q12 I have read the above information and I consent to the use of my e-portfolio on the open-
source Portfolium site (if applicable). 
• I give consent to use my Portfolium.  (1)  
• I do not give consent to use my Portfolium.  (2)  
• I participated in the 2017 REU Program and this is not applicable.  (3)  
 
  
 
Q6 Name: 
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________________________________________________________________ 
  
 
Q8 Today's Date: 

________________________________________________________________ 
 
Q9 Thank you for agreeing to the study. Please click here to complete the interview 
scheduling form and short demographic survey. 
 

Appendix E: Demographic Questionnaire 

 
Q1 Full Name: 

________________________________________________________________ 
 
 
 
Q2 Email: 

________________________________________________________________ 
 
 
 
Q3 Age when participating in the REU Program 

o <25  (4)  

o 25-29  (5)  

o 30-34  (6)  

o 35-39  (7)  

o 40-50  (8)  

o 51-60  (9)  

o 60+  (11)  
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Q24 Current Age 

o <25  (4)  

o 25-29  (5)  

o 30-34  (6)  

o 35-39  (7)  

o 40-50  (8)  

o 51-60  (9)  

o 60+  (11)  
 
 
 
Q4 Which FREEDM REU Program did you participate? 

o 2017  (1)  

o 2018  (2)  

o 2019  (3)  
 
 
 
Q5 Which gender do you most closely identify?  

o Male  (1)  

o Female  (2)  

o Non-binary / third gender  (3)  

o Prefer not to say  (4)  
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Q7 Which ethnicity do you most closely identify? 

o American Indian or Alaskan Native  (1)  

o Asian  (2)  

o Black or African American  (3)  

o Hispanic or Latinx  (4)  

o Multiracial  (5)  

o Native Hawaiian or Other Pacific Islander  (6)  

o White  (7)  

o Other  (8)  

o I do not wish to report.  (9)  
 
 
 
Q10 Which community college did you attend? 

________________________________________________________________ 
 
 
 
Q11 Which four-year university or college did you transfer to complete your degree? 

________________________________________________________________ 
 
 
 
Q22 Current/Previous Major 

________________________________________________________________ 
 
 
 



  165 

 

Q12 Have you completed your engineering program and received your bachelor's degree? 

o Yes  (1)  

o No, I have switched my major or no longer pursing engineering.  (2)  

o Not yet, but I plan to finish.  (3)  
 
 
Display This Question: 

If Have you completed your engineering program and received your bachelor's degree? = 
Yes 

Or Have you completed your engineering program and received your bachelor's degree? = 
Not yet, but I plan to finish. 
 
Q21 If you have completed or plan to complete your engineering degree, are you currently 
or planning to pursue a career in engineering? 

o Yes  (1)  

o No  (2)  
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Appendix F: Interview Protocol 

Good Afternoon NAME, 

The purpose of this study is to understand what you found valuable about the undergraduate 
research experience with FREEDM System Center. All participants were part of the FREEDM 
REU Program during their transition between community colleges and a four-year 
university/college. First, I will ask you about your high school and engineering undergraduate 
experiences. Then I will move on to your experiences as a REU at FREEDM. Finally, I will ask 
you about your future in engineering. This interview should take approximately one hour. Do 
you have any questions before we begin?  

Introduction 
• We will start with you describing where you currently are in your program or profession.  
• When you were deciding if you wanted to pursue engineering, what were the main 

factors? 
• How did you know decide what school you wanted to attend after high school? 
• Tell me how you felt as a student at your community college compared to the four-year 

university/college. 
• During that time when you were transitioning from your community college to a four-

year university/college, can you talk me through the adjustment leading up to the transfer 
and the semester after? 

• How did you initially feel being a community college student at a four-year 
college/university? 

• As an engineering student, what do you like and not like about your undergraduate 
programs? 

 
REU Program 

• E-Portfolio Activity (2018/2019 REU Participants only). We are going to switch to 
talking about your summer REU experience at FREEDM. If you recall, you created an e-
portfolio on Portfolium with ten entries during your REU Program. Would you please 
take five minutes to look through your e-portfolio? I put the link into the chat. Then, I 
would like you to select three entries that have made the most significant impact on you 
now. I am then also going to ask you why did these experiences have the most significant 
impact?  

• How did the FREEDM REU program impact you professionally/personally? 
• What parts of the FREEDM REU program have played a role in your engineering/non-

engineering program? 
• How did your REU Program impact your future? 
• What about the REU Program you find the most interesting and useful about the REU 

Program? 
• How did the REU Program impact your identity or self-image? 
• As shared in the survey, _____________. Is that correct?  

o You currently are pursuing an engineering career. 
o You plan to pursue an engineering career. 
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o You are not pursuing an engineering career. 
o You do not plan to pursue an engineering career. 

• If yes, describe your current work or what you hope to do in your engineering career. If 
no, why will you not be pursuing a career? 

• What factors made you want to/not to want to continue in a career in engineering or a 
related field? 

• How did the REU Program influence any of your career decisions? 
• Are there any other comments you wish to share with me related to your experience 

during the FREEDM REU Program? 
 
Thank you for your participation. Again, your responses will be kept confidential. Do you have 
any final questions for me? In the next few weeks would you mind if I emailed you about 
reviewing some of the notes, I make related to this interview to ensure I have represented your 
thoughts and feelings accurately? 

Thank you again. You will receive a $25 Amazon gift card. If you have any questions, please do 
not hesitate to contact me using the information on the consent form.  
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Appendix G: Member Checking Email 

Hello, 
 
I hope this email finds you well. I am contacting you to request that you review your interview 
transcript and themes identified using your interview transcript. This process is referred to as 
“member checking” and will involve the following steps: 

1. I will share your interview transcript via my private North Carolina State University 
Google Drive folder. 

2. You are asked to gain access to the document(s) using your personal computer and a 
secure network. Both of us will be the only ones to be able to access this private folder. I 
suggest completing this activity in a private location, on a private internet connection, 
and accessing this folder using a web browser that is in private/incognito mode. 

3. You will read through the document(s) in the private folder and comment in the 
document if you agree, disagree, or would like to clarify or change the content in each 
document and how you would like to do so. I expect this will take about 15 minutes of 
your time.  

4. You will email me to inform me that you have completed reading through your 
document(s) and commenting on them as appropriate. I am requesting that you do this 
within two weeks of this email. Please do not provide information or feedback in the 
email you send to us regarding your completion of the task. 

5. Once the verification process by you is completed, I will remove your access to the 
private NC State University Google Drive folder with your document(s) in it. 

 
I expect that the member-checking activities will take about 15 minutes of your time. Please let 
me know if you have any questions. Attached is a copy of the consent form as well. 
 
Thank you! 
 
Sincerely, 
Megan Morin 
mcpatber@ncsu.edu 
(724) 552-6433 
 

Please review and make changes as you see fit. This is based solely on our interview. 
 

 

 

 

 

Appendix H: E-Portfolio Analysis Summary 
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Research Question #1: In what ways, if any, has an undergraduate research experience 
influenced a community college students’ task values after participation in an 
undergraduate research experience? 

Attainment - Experiences allowed them to relate to being engineering particularly a specific 
discipline; It also provided experiences of being part of a community, such as the REU Program, 
FREEDM, and their team. It also provided examples of potential opportunities that they could be 
a part of, such as ABB, ASSIST, SAS. 

Interest - Not frequently discussed most likely because of how the question was framed; 
Enjoyed different professional skills, opportunities, and engineering content. 

Utility - Recognized a majority of components within the REU program as important; 
Particularly the technical labs provided real-world problems and tool application; The research 
poster, symposium, and pitch all developed different professional skills and developed 
confidence in their abilities. The literature review and FREEDM conference also developed their 
professional skills as well as their technical skills. The field trips provided information to 
students about their company/organization/department and exposure to different disciplines and 
opportunities within engineering. 

Cost - There was not any clear negative that did not have a benefit. Students acknowledge that 
there were difficult tasks, they lacked confidence, and research can require a lot of time in the 
lab. However, students saw the benefit, learned from the experience, and understood the 
importance of a well-balanced engineer.  

Research Question #3: What is the impact of the various characteristics of this REU 
Program on the community college population and their persistence in an engineering 
program and career? 

Attainment 

• REU Program provides early experiences that allow them to identify with the engineering 
profession. 

• REU Program provides early experiences to also clarify pathways to the engineering 
profession. 

• REU Program exposes them to the team atmosphere required in the engineering 
profession. 

• REU Program provided a community to support persistence in research and problem-
solving.  

Interest 
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• Less present in the e-portfolios 
• Professional skills = networking, collaboration, project management 
• Opportunities = surrounded by great minds, learn more about SAS 
• Engineering content = learning a new topic and wanted to learn more, learning how 

interdisciplinary engineering can be 

Utility 

• Technical Labs (10)  
o Technical skills: 

 Circuits: how to construct different kinds of circuits,  OP - AMP circuit, 
basic circuit components such as integrators, op-amps, and high/low pass 
filters 

 Wide bandgap: introduced to the topic of wide band gap semiconductors 
and power electronics, properties of Silicon Carbide and Gallium Nitride 

 Solidworks: Modeling  
o Tools:  

 Soldering irons - SMT and SMD soldering techniques 
 Oscilloscope - visually analyze exactly how the filters articulate 

integration and differentiation. 
 SolidWorks  

o Problem-Based 
 designing some of these newly learned components on a breadboard and 

verifying their uses through an oscilloscope. 
 solder multiple SMD capacitors of various sizes as well as a jumper.  
 solder components to make a buck converter that uses GaN devices 
 soldered various capacitors onto a circuit board to make a buck converter 

using a GaN semiconductor. Then we tested the device at different 
voltages and observed the device's temperature. 

• Research Symposium (4)  
o Professional Skills: Networking, communication, presenting technical 

content/research 
o Confidence growth: Research and presenting 

• Research Project (2)  
o Technical Skills - soldering techniques 
o Professional Skills - Collaboration, being more interdisciplinary 

• Research Poster (2) 
o Professional Skills - preparation   
o Learning from others through their project 

• Perfect Pitch 
o Communicating effectively 

• Literature Review 
o Foundations of their research 
o Planning and prep of large tasks 
o Written communication skills 

• FREEDM Conference 
o Research Trends 
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o Networking 
• Field Trips 

o Background knowledge of other companies, organizations, and disciplines 
 Nuclear Reactor - descriptive and informative insight on how nuclear 

power works; types of research, a collaboration between departments, 
integration of fields of science and research; history; different types of the 
field; the importance of nuclear energy 

 Vet - What a Vet student does daily 
 SAS - helps access, manage, analyze, and report data to aid in decision-

making for various companies worldwide; environmental programs, 
energy source from solar panels 

 FREEDM Solar Plant - function, background information of solar panels, 
inverters, and controllers.  

o Insight 
 Daily life for a student in the Vet College 
 Importance of networking and connecting with industry professionals 
 Setting lofty goals 
 Collaborations between different departments in the University 

• Opportunity (opposite of cost) 
o Skill Development - Present research at the symposium; technical experiment 
o Field Trips - Nuclear Reactor (view the reactor), SAS (see the campus; learn 

about SAS’s role in society), ABB (impact onto industry - “ future of industrial 
digitalization and realize value”) 

Cost 

• Difficult Tasks - Literature review (useful), Soldering technique (beneficial) 
• Lacked confidence - Felt prepared, but still felt unsure/unprepared 
• Lab - Acknowledged time in the lab can be consuming, but the experience provided a 

balance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix I: Individual Interview Summary 
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Participant A 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

REU Program • Felt that once they participated in the REU Program that they were 
“part of the club’ at their university. They felt so differentiated for so 
long at a community college and felt like they belonged at four-year 
institution. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Research 
Project 

• Enjoyed the programming aspect of the research project, which 
resulted in continuing their passion for programming. 

Aspects of the 
program itself 

• Enjoyed the development of professional and technical skills as well 
as the industry experience throughout the program.  

Working with 
others 

• Enjoyed working with others and hearing about their projects and 
learning.  

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Research 
Project 

• Working on the project that bundled computer science and electrical 
engineering aspects within a project provided insight and experience 
for the participant to develop their passion for programming. 

• First experience working with programming language and 
microcontrollers.  

Experience with 
university life 

• The participant was able to gain experience of what it will be like for 
university life when they transfer compared to community college 
felt like high school. 

• Felt that they may have missed out on the university experience, but 
the REU Program made the participant experience college life. 

Meeting new 
people 

• Community and a closer environment to meet new people and learn 
from them. 
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Resume builder • One of two internships the participant has experienced and uses it 
frequently for job interviews.  

• Demonstrated a lot of experience in engineering in professional and 
technical skills.  

Overall 
experience 

• Opened the participant up to new opportunities.  
• Provided insight into the qualities of other internships and continue 

to apply.  
• Built confidence in their abilities if they put in the effort. 
• Helped the participant develop her passion for programming. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

N/A 
 

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your 
educational experience 
that impacted your self-
perception or identity 
related to engineering.  

N/A 
 

Intrinsic 
A task in your 
educational experience 
that was enjoyable 
related to your 
engineering career. 

N/A 
 

Utility 
A task in your 
educational experience 
that was useful to 
pursuing a career in 
engineering.  

Community 
College 

• Save money and not be in debt. 
• Good reputation with engineering-

related courses 
• Introduction courses were very hands-on 

with visual aides and walk through the 
content 

Cost Community 
college 

• The format was similar to high school. 
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A task in your 
engineering program 
that you did not want to 
engage in related to 
engineering.  

Completing 
untransferrable 
courses  

• Took classes that were for a different 
university and ended having to play 
catch up with additional courses at the 
four-year institution the participant 
attended. 

Transferring to 
the four-year 
institution 

• Intimidated to attend this institution. 

Lack of female 
students 

• The participant attended classes that 
were mostly male and wished there was 
more female representation.  

Difficulty 
Connecting with 
peers 

• Difficult to find a peer to connect with 
because everyone knew each other since 
they already attended. It resulted in the 
participant having to be more 
independent in her studies. 

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts 
your self-perception or 
identity related to 
engineering. 

Programming • Felt that programming made her 
aligned towards computer 
engineering and computer science. 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Network engineering • Enjoyed the rare programming 
opportunities that were involved 
within it, not sure if that is what was 
being addressed here 

Programming • Enjoys programming and this led to 
the initial pursuit of engineering. 

• Enjoys learning more about 
programming and the field.  and 
hopes to continue to work with 
programming. 

Utility A career in computer 
engineering and 
computer science 

• In the long run, the participant felt 
that it would be the most beneficial 
career to pursue. 
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A task that is useful 
related to a career in 
engineering.  

A career in 
Engineering 

• Found that the career is good for 
financial security 

• The sheer amount of opportunities in 
their local area and opportunity for 
higher growth. 

Cost 
A task that you do not 
want to engage in 
related to a career in 
engineering. 

Time to pursue 
another career 

• The main reason the participant 
wouldn’t change their career at this 
point is because of the work that 
went into the engineering degree.  

Arts • Didn’t pursue arts because it would 
not be as beneficial as engineering. 

 
Other notes: 

• Transfer Process: The four-year institution was intimidating, when the participant started 
at the four-year institute some peers already found their friend groups, participants 
planned to attend a different institution and switched, which also put the participant 
behind in the courses necessary for their four-year university.  

• Three E-portfolio Entries most meaningful: N/A 

• Reason for attending a community college: Save money and complete general education 
courses. 

Participant B 

 
REU Program - How does an REU program influence your persistence? 

Attainment Value 
A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Research Project • At the end of the program, the participant was able to see how 
they related to engineering based on different tasks within the 
research project. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Research Project • Interesting problem and excited about it particularly that it 
dealt with software. 
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Informal aspects of 
the program 

• The participant enjoyed the community gatherings for pizza 
with guest speakers and field trips that allowed the participant 
to experience engineering and science outside the lab. 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Seeing research that 
others were doing 

• Helped the participant to focus on what area they wanted to 
pursue in their studies by working alongside undergraduate, 
master’s, and Ph.D. students. 

Research Project • Gained career clarity through the program that the unstructured 
approaches in the research were not of interest and looking to 
work in a more structured engineering environment. 

Resume Builder • The experience provided evidence of experience as an intern at 
the ERC’s university. 

• First professional job related to the participant’s discipline after 
the Air Force. 

Uncomfortable tasks • Found that there were different parts of the program that they 
would feel out of their comfort zone, but shared the program 
was valuable in which they got used to those types of feelings. 

Working with other 
people 

• The participant learned how to interact with a lot of different 
people. 

Difficult tasks • The participant found that the moments of adversity in the 
program were useful for becoming a stronger person. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

Research Project  • Felt as if they didn’t do a good job 
• The participant was always questioning if they were 

completing tasks correctly. 
• Coming from the Air Force, the participant struggled with the 

lack of structure in research and openness.  
• The research was too open-structured and flexible instead of 

specific tasks. 
• Lacked a team structure and was left independently at a 

research site off-campus. 
• It took so much time to get caught up to speed in the beginning. 
• Was unsure of what success looks like in research 
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Collaboration with 
Graduate Mentor 

• The graduate mentor was hands-off and not as available for 
feedback.  

• Felt the guidance was missing.  
 

Engineering Education 
Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 

undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your educational 
experience that impacted 
your self-perception or 
identity related to 
engineering.  

N/A 
 

Intrinsic 
A task in your educational 
experience that was 
enjoyable related to your 
engineering career. 

Exploring 
different 
chemicals 

• Interested in the topic. 

Studying how 
things work, 
science, and 
technology 

• Interest and grew up with computers 
at home since the early 2000s. 

Utility 
A task in your educational 
experience that was useful 
to pursuing a career in 
engineering.  

Middle School 
Science Teacher 

• Supported the participant’s interests 
and allowed them to pursue certain 
areas of their own interest. 

Air Force - 
Engineering and 
Science Related 
Tasks 

• Air Force and gained experience with 
science and engineering-related tasks. 

Community 
College 

• Provided a good foundation before 
determining career pathway 

Cost 
A task in your engineering 
program that you did not 
want to engage in related 
to engineering.  

Attending school 
away from family 

• The participant began to feel 
homesick and struggled with classes 
if they were not doing good enough, 
which resulted in the participant 
withdrawing from the class. 

Classes • The implementation of the classes can 
be “super academic” with how things 
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are done, how universities do it, and 
less practicality.  

Connecting with 
others 

• The social aspect was missing from 
the undergraduate experience. 

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts 
your self-perception 
or identity related to 
engineering. 

Daily tasks 
associated with 
engineering 

• Associates themselves as a programmer, a 
computer scientist, software engineering, 
and software developer in the world of 
engineering. 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Learning how 
things work and 
solving problems 

• The participant naturally is interested in 
how things work and solving problems, 
which attributes to their interest in 
engineering. 

• The participant would play with 
computers and want to understand how the 
games were installed, the configuration 
system, and understanding how things 
worked “behind the scenes” of the 
computer. 

• It is the general interest in solving a 
problem and not being sure of the solution 
initially, which can be challenging. 

New tasks • Each new task brings problem solving and 
unknown, which is exciting to the 
participant. 

Agile project 
management 

• Engages in an Agile project management 
approach and enjoys the way you receive 
points and accomplish goals for 
engineering tasks. 

Utility 
A task that is useful 
related to a career in 
engineering.  

N/A 
 

Cost N/A 
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A task that you do 
not want to engage in 
related to a career in 
engineering. 

 
Other notes: 

• Identity: Member of the Air Force 
• Transfer Process: Natural progression between the institutions 
• Three E-portfolio Entries most meaningful: N/A 
• Reason for attending a community college v. four-year college: Complete general 

education requirements and gain clarity on a career pathway 

Participant C 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Conference Paper • Submitted a conference paper based on the participant’s design 
and contributed to the advancement to the field. 

• A potential contributor to advancement in research with the 
conference paper submission. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Complex Problem 
Solving 

• Mentor asked to figure out a challenging problem and the 
participant came up with a schematic solution. 

CAD Modeling • Creating a practical application and intricately detailed CAD 
model was “cool”. 

• 3D printed the CAD model into a tangible thing.  

Research Project • The experience of submitting a conference paper for 
advancement in the field was “cool.” 

• Spent significant time and overnighters working with a graduate 
mentor for the design with multiple trips to Home Depot. 

• Most proud of this work and enjoyed the process. 

Utility Value 
A REU Task that was useful to engineering 
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Tasks Value Details 

Research Project • Mentor asked to figure out a challenging problem and it required 
the participant to solve using LT spice for something productive. 
It was their first experience using the LT Spice software. 

Collaborating with 
Graduate Students 
at the Center 

• A graduate student at the Center assisted and supported the 
participant in solving the problem. 

CAD Technical Lab 
Workshop 

• Created a real design in CAD that later would be 3D printed. 
• Gained experience infinite analysis 

Conference Paper • Experience of contributing an advancement that would have 
participated in what would be in the real world. 

Overall experience • The program provided a diverse amount of opportunities in a 
short period of time. 

• It was beneficial overall but found that the overall experience 
would be more useful for a younger student. 

• The program provided support in completing the deliverables. 
• Considered electrical engineering and provided an opportunity to 

explore the field. It provided clarity for the participant’s career 
pathway. It allowed the participant to do a career analysis and 
visualization of the two disciplines in engineering. It was not 
that the participant had a negative experience in the REU 
Program, but it helped with the overall decision. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

The overall 
program is ideal for 
a traditional student 

• The participant felt that the activities were beneficial, but found 
there were times that it was not as catered towards the non-
traditional student. 

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your 
educational experience 
that impacted your self-

N/A 
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perception or identity 
related to engineering.  

Intrinsic 
A task in your 
educational experience 
that was enjoyable related 
to your engineering 
career. 

N/A 
 

Utility 
A task in your 
educational experience 
that was useful to 
pursuing a career in 
engineering.  

Community 
College 
Environment 

• Small classroom sizes = more 
learning 

• Quality education for general 
education courses 

 
Four-year 
university in the 
participant’s ideal 
location 

• Availability of a four-year college in 
an area that the participant was 
hoping to relocate.  

Cost 
A task in your 
engineering program that 
you did not want to 
engage in related to 
engineering.  

Classes • Did not receive a strong foundation in 
Algebra in high school, therefore, it 
impacted the general education 
courses where the participant felt that 
they were playing catch up in 
different courses.  

Full-time job + 
Full-time school 

• Manage to work full-time and attend 
school full-time.  

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts your 
self-perception or identity 
related to engineering. 

N/A 
 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Began interest in 
engineering as a 
deep water diver 

• Worked with engineers during as 
being a deep water diver and 
realized this would be a field they 
would like to pursue. 
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Utility 
A task that is useful 
related to a career in 
engineering.  

Engineering 
improves your salary 

• Worked with other engineers as a 
deep water diver and found that it 
would improve their salary. 

Cost 
A task that you do not 
want to engage in related 
to a career in engineering. 

N/A 
 

 
Other notes: 

Other identities: Military member, Non-Traditional Student, Older than other students 
(participant stated), Full-time employee + Full-time student 

Transfer Process: Found difficulty catching up with some of the courses 

Three E-portfolio Entries most meaningful:  

1. Proposed Circuit Topology that was used to submit a conference paper 
2. Concatenating offset, segmented receiver array, 
3. SAE WPT1/Z1 VA Coil design in SolidWorks 

Reason for attending a community college: Matter of convenience and appropriate school at the 
time. 

Participant D 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Research Project • Graduate Mentor provided positive feedback to participants that 
they were doing a great job on the technical project.  

E-Portfolio Entry • Received recognition on the Portfolium platform and Education 
Workforce and Director for a well-done entry and technical 
work.  

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 
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Overall Experience • Opportunities in the program for the participant to be out of 
their comfort zone and encouraged by the Education and 
Workforce Director to do so.  

Interacting with 
people 

• Enjoyed working with other people in the program, FREEDM 
System Center, PowerAmerica.  

Acceptance into the 
REU Program 

• Didn’t believe that they would be accepted into the program and 
when they did their confidence increased.  

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

FREEDM 
Conference 

• Networking - being able to go up and meet someone even if 
uncomfortable - made an impact in how the participant engages 
with other professionals - not scared to go up and meet another 
person. 

Undergraduate 
Symposium 

• Cumulation of so much work in a short amount of time and 
representative of experience gained.  

Collaboration with 
Graduate Mentor 

• Willing to teach and patient with the participant 
• Taught technical knowledge that was useful for a research 

project  
• Respected participant’s technical knowledge and didn’t act as if 

there were a power dynamic 
• Encouraged the participant 
• Helped to develop the participant’s confidence 

Technical Labs • Gained knowledge surrounding wide bandgap and electric filters 
• Learned and gained experience with tools to analyze systems 
• Instructor patient with the participant that allowed them to learn. 

Overall Experience • The program provided many opportunities to network and 
developed a confidence 

• Helped participants to come out of their comfort zone especially 
being more introverted than extroverted 

• Recommended program to others 
• REU conditioned the participant to think differently 

Opportunities • Network with reputable people and executives who are 
professionals at a high standard  

Field Trips • Gain confidence and develop networking “alter ego” to be 
confident and not have “stage fright” when meeting other 
professionals.  
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Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

Introduction to the 
REU Program 

• Small tension and hesitation in meeting other REUs in the 
beginning in the group before starting on projects.  

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your educational 
experience that impacted 
your self-perception or 
identity related to 
engineering.  

n/a 
 

Intrinsic 
A task in your educational 
experience that was enjoyable 
related to your engineering 
career. 

Aerospace 
Engineering 

• Enjoys the focus on fluid flow, 
rockets, and airplanes.  

• Concentrates on a specific field, 
such as airflow, the flight is 
changing constantly, and the 
space industry is booming 

• Connections to Elon Musk, 
Bezos, and Virgin Galactic.  

Utility 
A task in your educational 
experience that was useful to 
pursuing a career in 
engineering.  

Community 
College  

• Advisors supported the transition 
between the institutions and 
having other students on campus 
helped the transition. 

• Provided smaller classes and 
more versatility.  

• Cheaper 
• Transfer to a four-year institute 

easily 

Working with 
advisors at their 
four-year 
institution  

• Advisors at the four-year 
institution helped to support the 
participant in their program. 
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Cost 
A task in your engineering 
program that you did not 
want to engage in related to 
engineering.  

Class with a bad 
professor 

• Professor was brutally honest 
and at one point impacted the 
participant to almost not want to 
pursue aerospace engineering 

Attending a four-
year college 
initially 

• Too expensive and cause debt.  
• Larger classes 

Difficult classes at 
the four-year 
college 

• Classes become more difficult in 
engineering as you progress (as 
anticipated).  

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts 
your self-perception or 
identity related to 
engineering. 

n/a 
 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Learning more 
about engineering 

• Enjoyed learning skills in a capstone 
course and hopes to continue in their 
career  

Being Dad’s 
Handyman 

• Seeing their dad come up with ingenious 
ideas to fix small problems  

Working on cars • The experience of working on cars 
attributed to their interest in engineering  

Math, Physics, 
Engineering 

• Enjoyed learning the content.  

Completing a 
bachelor’s in 
engineering 

• The feeling of happiness for completing 
all the obstacles in a degree on a large, 
reputable campus developed the 
confidence to continue into an 
engineering career. 

Problem-Solving • Using tools or working with people to 
solve the problem. 

• Enjoys activities like puzzles and 
engineering is a puzzle. 
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• Enjoy hands-on work. 

Utility 
A task that is useful 
related to a career in 
engineering.  

Aerospace 
Engineering 
Opportunities 

• Many present figures like Elon Musk, 
Bezos, and Virgin Galactic in aerospace 
engineering. 

• The space industry is booming 

Cost 
A task that you do not 
want to engage in 
related to a career in 
engineering. 

Technical Work • Specifically wanting to work in a job 
with a hands-on job and not just focused 
on aircraft and analytics.   

Mechanical 
Engineering 

• Planned to pursue mechanical 
engineering, but took a class in 
aerospace and aerodynamics class that 
pushed the participant away from 
mechanical engineering. 

• Not a specific field 
 
Other notes: 
 
Other identities Not discussed 

Transfer Process 
Not difficult, already had a small community transferring.  

E-Portfolio Entries 1. FREEDM Conference 
2. Research Symposium at Hunt Library 
3. Technical Lab - Circuits/Electric Filters Workshop 

Reason for attending 
community college 

A cheaper option, reduce potential debt from attending a four-
year college, good transfer program.  

 
Participant E 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Industry Tours • The experience of going on the industry tours like SAS 
helped the participant to think of the opportunities for 
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themself and the possibility of their life as engineering 
professionals. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Research Symposium • The experience is fun to collectively get together with 
others to share exciting parts of their research using 
public speaking skills, walk around to see others’ work 
and get dressed up. 

Industry Tours • The tour was fun to be in that professional environment.  

Research Project • The research type of approaches was not interesting to 
the participant, which attributed to their decision to not 
pursue engineering.  

Doing writing and 
professional development 
is not exciting 

• It is not interesting to write and participate in 
professional development, for example, the LinkedIn 
page. 

Research conferences • Research conferences are not very exciting and the nature 
of the format. 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Research Symposium  • Experience in dressing up and pitching your research 

Provided insight to not 
want to pursue 
research/graduate school 

• Experience and process of research were helpful to know 
that it wasn’t something personally that the participant 
wanted to pursue. It helped to provide the participant 
with insight for future education opportunities. 

Creating a LinkedIn page • Experience putting together a LinkedIn page helped give 
the participant more experience writing 

Overall REU experience  • “Jammed a whole lot of constructive and enriching 
experiences, including the events, workshops, and tours. 

• Helpful to go through the process of the research project 
during the experience with the project and other 
components of the experience. 

Cost Value  
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A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

FREEDM Conference • It was difficult for the participant to engage in the 
conference because of the high level of technical content 
knowledge over a long period of time. 

Professional Skill Related • Participant shared that students do not get excited about 
writing and professional development, such as the 
LinkedIn page.  

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your 
educational experience 
that impacted your self-
perception or identity 
related to engineering.  

Studying at the four-
year college library 

• As a community college student, the 
participant would go study with 
friends at the four-year college 
because of the environment. Then, 
the participant transferred there as a 
student and felt part of the 
university.  

Intrinsic 
A task in your 
educational experience 
that was enjoyable 
related to your 
engineering career. 

Informal learning - 
Minecraft server 

• Spend hours playing Minecraft with 
friends and started the interest of 
making plugins and writing language 
for a public server. The participant 
enjoyed the collaborative nature with 
their friends in these activities. 

Working on 
engineering-related 
activities with family 
and being 
homeschooled 

• The participant shared how their 
family of engineers would work on 
engineering-related activities with 
their dad. 

 
Utility 
A task in your 
educational experience 
that was useful to 

Homeschool • Parents were able to create learning 
experiences with engineering 
experiences.  

Group of friends • Group of friends who were there 
from the community college and also 
in the classes at the four-year 
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pursuing a career in 
engineering.  

college. It helped to provide a sense 
of community.  

Community college 
environment 

• The participant’s community college 
had small class sizes, memorable 
teachers, and personal experience, 
such as instructors learning students’ 
names.  

Cost 
A task in your 
engineering program 
that you did not want to 
engage in related to 
engineering.  

N/A N/A 

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts 
your self-perception 
or identity related to 
engineering. 

Family of 
engineers 

• The whole family was engineers that served 
as role models. This made the participant feel 
like this was part of who they were as a 
person. 

Intrinsic 
A task that you 
enjoy related to a 
career in engineering 

Work associated 
with the 
participant’s job 

• The participant enjoys their job that includes 
engineering activities related to being an 
electronics design engineer. The participant 
wanted to design circuits, build things, and 
do some programming, which was part of the 
job description.  

Utility 
A task that is useful 
related to a career in 
engineering.  

N/A N/A 

Cost 
A task that you do 
not want to engage 
in related to a career 
in engineering. 

N/A N/A 

 
Other notes: 
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Other identities: 

Not discussed. 

Transfer Process 
Smooth transition - Community college had a good process for 
transferring and friends transferred at the same time as the 
participant. 

E-Portfolio Entries 1. Research Symposium 
2. Technical Labs - Wide bandgap workshop 
3. SAS Tour/FREEDM Conference 

Reason for attending 
community college 

Plan to complete a computer programming certificate and decided 
to pursue a bachelor’s degree. 

 

Participant F 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Electrical Engineering 
Tasks 

• Does not feel like they are a part of electrical engineering 
but feel inclined towards mechanical engineering during the 
REU Program. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

N/A N/A 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Research Symposium • Provided training helping to convey something quickly as 
the participant has used it a lot in real life.  
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Literature Review • Helpful in getting an introduction to their research topic in 
general from a large amount of written material.  

Professional 
Development 

• Professional development sessions helped to understand the 
professional standards and communicating with people.  

• Communication skills gained in the program have helped 
with the participant’s current Co-Op. 

Overall Program • The program was geared towards electronics, which the 
sessions tended to not be as useful because the participant 
focused on Mechanical engineering. 

• The experience of research helped the participant 
understand that this type of work is different than their 
typical approach to engineering with a more product-
focused mind. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

Electrical Engineering 
Content within the REU 
Program 

• The participant feels that electrical engineering doesn’t 
make sense and is more inclined to mechanical engineering. 

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your 
educational experience 
that impacted your self-
perception or identity 
related to engineering.  

N/A N/A 

Intrinsic 
A task in your 
educational experience 
that was enjoyable 
related to your 
engineering career. 

Co-Op Experience • Enjoys doing the activities related to 
the participant’s Co-op with a wide 
variety of engineering with design 
and manufacturing.  

Engineering 
Classes 

• Enjoyed starting engineering courses 
at the four-year college compared to 
the general education courses at a 
community college. 
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Utility 
A task in your 
educational experience 
that was useful to 
pursuing a career in 
engineering.  

High-quality 
engineering 
program  

• Shared they selected a particular 
four-year college over another due to 
higher quality education.  

Cost 
A task in your 
engineering program that 
you did not want to 
engage in related to 
engineering.  

Broad engineering 
with less real-world 
application in the 
curriculum 

• Shared it can be worrisome that the 
engineering in their curriculum can 
be very general and wished it 
provided more real-world application 
with deeper engineering concepts.  

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts your 
self-perception or 
identity related to 
engineering. 

N/A N/A 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Building things and 
understanding how 
they work 

• Enjoys tinkering in the participant’s 
free time and understanding how 
they work. 

Helping people • Enjoys helping people in a 
fundamental way. 

Engineering • Enjoys the application of 
engineering. 

Utility 
A task that is useful 
related to a career in 
engineering.  

Spending time 
working with their 
Grandpa 

• Grandpa was a bridge engineer and 
introduced engineering to the 
participant. 

Engineering • Engineering can help people 
through infrastructure and 
providing technological 
fundamental needs like medical 
devices. 

Cost N/A N/A 
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A task that you do not 
want to engage in related 
to a career in 
engineering. 

 
Other notes: 
 
Other identities: 

Not discussed. 

Transfer Process 
Took some time to get up to speed, then found their groove 
with other classmates and study group. 

E-Portfolio Entries 1. Research Symposium 
2. Literature Review 
3. Professional Training and Development 

Reason for attending 
community college 

• A few friends were attending with similar interests in 
engineering. 

 
Participant G 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Extra Project • The additional work to help in other research projects helped the 
participant understand the value of their skillset in the field. 

•  

REU Experience • The experience increased the participant’s confidence as an 
engineer who is able to solve problems without being 
intimidated.  

Intrinsic/Interest Value A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 
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Teaching the 
SolidWorks 
Technical Lab 

• Enjoyed the overall experience of putting together a technical 
workshop with little notice to help the participants’ peers.  

Research Project • The participant enjoyed working on their research project as 
well as an additional project that was outside of the scope of 
what was asked of the participant.  

• The participant liked that others found value in their skillset and 
it was challenging. 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Teaching the 
SolidWorks 
Technical Lab 

• Resume builder to demonstrate soft skills (communication) and 
hard skills (Solidworks).  

• Experience of asking to present with little notice. The participant 
had to determine what content is necessary for presenting 
SolidWorks and was forced to make quick decisions. 

Research Project • Created a design on Solidworks that helped to demonstrate their 
technical skills and work in an interdisciplinary team. 

Research 
Symposium 

• Showcased the participant’s soft skills by using communication 
skills to take their research into words with details and explain in 
layman’s terms. 

Overall experience • Improved the participant’s communication skills to 
communicate work over a longer period of time (ex. weeks-
months) through the different experiences. 

• Resume builder - built professional skills particularly oral 
communication, written communication, and finding sources as 
well as developing the participant’s confidence. 

• Early undergraduate research experience - the experience 
introduced to research and led to the participant pursuing other 
undergraduate research experiences. 

• The experience made it easier for the participant in class 
particularly electrical engineering type of classes (circuits).  

• Overall, pretty much everything the participant did during the 
experience was useful. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

N/A N/A 
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Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your educational 
experience that impacted 
your self-perception or 
identity related to 
engineering.  

N/A N/A 

Intrinsic 
A task in your educational 
experience that was 
enjoyable related to your 
engineering career. 

Labs and 
internships 

• The participant has enjoyed their 
internships and labs with the hands-on 
experience and helped with the job 
search. 

Utility 
A task in your educational 
experience that was useful 
to pursuing a career in 
engineering.  

Community 
College 

• The participant found their community 
college useful because of the quality 
of the program, inexpensive, stay at 
home, work, save money, and reduce 
college debt. 

• A smaller school, small program, and 
closer community by knowing 
everyone in their classes and teachers 
with more face-to-face interaction and 
one-of-a-kind relationships.  

Connecting with 
others at the four-
year institute 

• The participant’s friend also attended 
their school which helped with 
adjustment to the four-year college. 

Valuable skills • Their undergraduate program has 
helped the participant to learn a lot of 
valuable skills. 

Cost 
A task in your 
engineering program that 
you did not want to 
engage in related to 
engineering.  

Four-year college 
environment 

• Nonpersonal professors, more difficult 
classes with dry/non Nonpersonable 
teachers in the participant’s major. 
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Engineering Field/Career Outcomes 
Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts 
your self-perception or 
identity related to 
engineering. 

N/A 
 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Building and 
designing  

• The participant enjoys building and 
designing things since they were a child.
  

• Enjoys the design part of the work 
development portion of projects. 

• Designing on Solidworks and ending with 
a physical product. It is fulfilling to the 
participant.  

Mechanical 
Engineering 

• The participant enjoys mechanical 
engineering because of the versatility and 
opportunity to pursue a lot of different 
fields. It doesn’t require being committed 
to one niche area. 

 
Application of 
math and 
science 

• The participant enjoys the application of 
math and science in engineering. 

Utility 
A task that is useful 
related to a career in 
engineering.  

N/A N/A 

Cost 
A task that you do not 
want to engage in 
related to a career in 
engineering. 

N/A N/A 

 
Other notes: 

• Was unaware of research opportunities until the program came to recruit at their 
institution. The participant attended the information session because of a friend. 
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Other identities: 
Not discussed. 

Transfer Process 
“It wasn’t too terribly bad.” At the four-year college, people already 
built relationships since their freshmen year. It took a semester to get 
used to the professors and get to know other people.  

E-Portfolio Entries 1. Research Symposium 
2. Teaching a Technical Lab on SolidWorks 
3. Research Project: Transformer Connector Design  

Reason for 
attending 
community college 

• Good local program 
• Inexpensive to start at a community college and then transfer to 

a four-year college. 
• Save money and reduce college debt 

 
Participant H 

 
REU Program - How does an REU program influence your persistence? 

Attainment Value 
A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Discussions and Talks 
surrounding graduate 
students 

• Considering pathway as a Master’s and Ph.D. student 

REU Experience • “Small fish in a lake” 
• Realized how many people are working on their “crazy” ideas 

in addition to worldwide.  

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Research poster • An enjoyable experience to create the summary of the poster, 
present informal clothes in the particular environment, and 
learn from others who were working on their projects. 
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Working with 
teammates 

• Compared to taking on classes online, there was regular 
interaction with people who were on different projects. It 
allowed more connection through learning from each other 
and hanging out. 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Arduino Technical 
Lab 

• Experience of using the participant’s own code 
• Learning and testing code 
• Contributed to computer science experience 

Research Project • Development of the EMF Sensor that cumulated the 
experience 

• Lab experience 
• Cumulative application of the skills learned in the research 

experience.  
• Teamwork and collaboration on a large project 
• Project management (keeping up with deadlines) 

  

Soldering Lab • Helped to understand the details of the research project  

Literature Review • Prepared the participant for the first semester because no 
paper was more difficult than literature review 

• Learned how to write more in-depth and professionally 

Working with 
people/Social 
experience 

• Working with people with similar ideas, broaden the 
participant’s horizon, thinking more thoughtfully 

• Improved the participant’s abilities in the social experience 

Research poster • Summarizing your research 
• Speaking with other students 
• Communicating technical knowledge cohesively 
• Learning from others  
• Applicable to his current job 

Post-graduate studies 
discussion and 
exposure 

• Considering educational opportunities in a Master’s or Ph.D. 
Program that was not considered before. The focus was four 
years. 

Collaboration with 
their Graduate Mentor 

• The participant’s graduate mentor was able to model and 
provide the idea of what it looks like to conduct research and 
test your ideas 

• Modeled different thought processes in the graduate mentor’s 
own work to show students 
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• Support students by bringing tools to the students and setting 
the REUs up for their tasks.  

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

Talks Particular talks are not as interesting because of the lack of 
connection to the participant’s specialty.  

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your educational 
experience that impacted 
your self-perception or 
identity related to 
engineering.  

n/a 
 

Intrinsic 
A task in your educational 
experience that was 
enjoyable related to your 
engineering career. 

n/a 
 

Utility 
A task in your educational 
experience that was useful to 
pursuing a career in 
engineering.  

Math Club • Exposure to math and a community 
of people, including a teacher who 
brought awareness to the participant 
of their abilities.  

Cost 
A task in your engineering 
program that you did not 
want to engage in related to 
engineering.  

Coming in late • Felt a difference in students who had 
already been at their four-year 
institution, such as school pride, 
compared to the participant who was 
just adjusting.  

Requirements • Retaking introduction courses 
because of the requirements 

Feeling having 
to catch up 

• Fellow students were two years 
younger 
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Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts 
your self-
perception or 
identity related to 
engineering. 

Math/Science 
related 

• Since secondary education that the 
participant was good at math/science 

Computer 
science-related 

• Worked in computer science as an 
engineering undergraduate and has the 
skillset, therefore continued into a career 

Intrinsic 
A task that you 
enjoy related to a 
career in 
engineering 

Math/Science 
related 

• Enjoy the activities associated since middle 
school; More straightforward than English 

Computer 
science-related 

• Enjoys computer science because you solve 
problems with tools. Similar to a puzzle 
because you only had certain tools, you had 
to use them in different ways to be able to 
solve the problem. And you had to change 
your way values to solve the problem. 

• Likes the idea of programming, something, 
solving a problem, thinking about ways I 
can do this in a different way, like coming 
up with a way to solve the puzzle, sort of 
like that logical thinking. 

Utility 
A task that is useful 
related to a career 
in engineering.  

Undergraduate 
Engineering 
Program 

• Completed an undergraduate degree and 
have the education to continue into a career 

Cost 
A task that you do 
not want to engage 
in related to a 
career in 
engineering. 

Selecting 
Engineering over 
the medical field 

• Enjoys doing math and science and would 
prefer engineering rather than pursuing a job 
in the medical field.  

 
Other notes: 
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Other identities: 
Member of the Military in Singapore 

Transfer Process 
Weird experience - there was confusion over which classes were 
required and not required; with a group of freshmen, but was 
technically junior.  

E-Portfolio Entries 1. Research Poster 
2. Literature Review 
3. Research Project - EMF Sensor Circuit Board Soldering 

Reason for attending 
community college 

• Logistical reasons prevented the participant from attending a 
four-year college. 

• Returning from their military service in Singapore. 
 
Participant I 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

SAS Tour • The participant was able to see what the potential could be for 
their career and bring familiarity.  

Overall Experience • Made the participant feel a lot better about being an engineer. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Wireless Powered 
Drone (After REU) 

• Found working on this research project really interesting, 
particularly working with more extreme electronics like 
semiconductors. 

Graduate Mentor 
Relationship 

• Appreciated and enjoyed the challenges their graduate mentor 
provided to them, including other additional projects of 
interest to the participant. 

Research at the Center • The participant enjoyed all the project work at the Center. 
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Research Poster • Ability to bring the participant’s passion for art and design 
with the knowledge of engineering for the design of the 
poster.  

• Able to use their art skills for original drawings on the 
product. 

Nuclear Reactor Tour • Strong interest in nuclear engineering and enjoyed reading 
more and learning from the tour. 

SAS Tour • The participant found the company very interesting with their 
different work in engineering. 

• An amazing environment, including the cafeteria as well as 
learning about. (I) 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Wireless Powered 
Drone (after REU) 

• After participation in the REU Program, the participant 
continued to work with the Center. They found this the most 
significant power electronics and electrical engineering-related 
design in their research experience there. 

Research Poster • Combine skillsets of art and engineering knowledge to present 
research with feedback from the Program Leaders. 

Research Symposium • Gained experience talking and answering questions from 
people  

• Confidence because it was the culmination of all the work the 
participant completed over the summer. 

Nuclear Reactor Tour • The participant found it interesting learning the connections 
between nuclear engineering and the history of the field and 
connections to the participant’s university. 

SAS Tour • Gained networking skills and being in a professional 
environment to provide context and makes it feel less daunting 

Mind-Mapping 
Professional 
Development 
Workshop 

• Helped to develop brainstorming techniques in writing all 
literature reviews. 

Discussions about 
Graduate School 

• Brought awareness of academic opportunities through the 
professional sessions as the participant did not originally 
consider the possibility.  
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Overall Experience • Increased confidence through the “proof” that the participant 
was able to do engineering things. 

• The experience made writing papers a lot less intimidating and 
easier to write papers now.  

• Developed an engineering mindset that the participant needed 
for school, such as finding resources on your own or working 
on a problem.  

• Made the participant more persistent in tackling challenging 
components of engineering.  

• Helped the participant feel less nervous about attending the 
university the Center is located.  

• Developed a skillset to teach themselves better. 
• Learned how to market themselves better for any situation, 

which provided a “leg up.” 
• The REU Program helped to “push” the participant to power 

electronics and renewables.  
• Helped to make the connection between power electronics and 

renewables. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

Creating a LinkedIn 
profile 

• Helpful at the time, but difficult to sustain and keep up with 
the page. It provides worry and nerve-wracking that people 
will view the participant’s page. 

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your 
educational experience 
that impacted your self-
perception or identity 
related to engineering.  

Didn’t associate 
themselves with 
an engineering 
career 

• The participant didn’t associate 
themselves with engineering because 
they thought it was too difficult. They 
felt more like an “art kid.”  

• Lack of female role models. 
• No plans to attend college initially and 

then in their senior year took pre-calc last 
minute. 

• Never considered a technical career. 
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Part of the four-
year college 
community 

• Incredible to attend a university that has 
so many inventors and has done some 
major things to change the world. 

• Great community that works to make an 
impact and difference and enjoys being a 
part of that. 

Intrinsic 
A task in your 
educational experience 
that was enjoyable 
related to your 
engineering career. 

Informal 
Learning through 
My Space 
scripting 

In high school, the participant would spend time 
editing the programming and script on their 
MySpace page  

Virtual Learning • Because of COVID changes, classes 
were virtual and online recorded videos 
to support students. The participant 
enjoys learning in this way compared to 
traditional methods. 

Learning 
engineering 

• The participant enjoys learning the 
engineering content in their courses. 

The social aspect 
of the 
engineering 
program 

• The participant enjoys getting out of the 
house and talking to people with similar 
mindsets and goals with different 
backgrounds in their engineering 
program. 

Utility 
A task in your 
educational experience 
that was useful to 
pursuing a career in 
engineering.  

Community 
College 

• Cheaper 
• Teachers better-supported students in 

their courses. 

Four-Year 
College 

• Helped to provide a career path to 
follow. 

Virtual Learning • Because of COVID changes, classes 
were virtual and online recorded videos 
to support students. 

Cost 
A task in your 
engineering program 
that you did not want to 
engage in related to 
engineering.  

Fewer women 
present in 
engineering 
fields in the 
2000s 

• Observed in high school that there were 
fewer women in the engineering fields. 
There were gross attitudes towards 
women in this field, such as being less 
capable.  

Attending a four-
year institution  

• Campus classroom sizes larger 
• More students 
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• Knowing who to go to teaching assistants 
or going to teachers 

• Navigating parking on campus 

Teachers at four-
year college 

• Less approachable and the participant 
feels that they cannot ask their questions. 
  

• Expectations of skillsets for activities, 
such as MATLAB, without taking time 
to teach the required skills. 

The pressure and 
competition of 
other students 

• Felt stressed by other students who are 
rushing to get through the program while 
the participant wants to take things 
slower.   

• Would experience meltdowns if felt the 
participant was not doing well compared 
to their peers. Then, the participant 
would then ink this would prevent them 
from getting a job.  

The stress of 
learning in 
COVID 

• Submitting homework through scanning 
and the efforts necessary in this virtual 
environment. 

Transfer to a 
four-year college 

• Financial aid only covers required classes 
leaving less flexibility to take classes out 
of the participant’s own interest. 

• There wasn’t a person to help transfer 
students navigate the transfer process.  

• All difficult classes once the participant 
arrives at the campus.   

Attending 
college as a first-
generation 
student 

• The participant struggles as lacking the 
resources and knowledge that students 
who have parents who have attended 
college. 

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that 
impacts your self-

Good at physics and 
math 

• The participant finds themselves 
suitable for engineering since these are 
their strengths. 
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perception or 
identity related to 
engineering. 

Engineering Field • Associates themselves with engineering 
because of physics classes. 

• Difficult imagining them pursuing a 
career in engineering.  

• Seeing examples of successes (ex. 
Portfolium) lets the participant know 
that they belong in engineering 

Intrinsic 
A task that you 
enjoy related to a 
career in 
engineering 

Hated Programming • When taking courses in programming, 
they did not enjoy programming, which 
is what attributed to the person pursuing 
engineering.   

Helping the other 
environment and other 
people 

• Likes helping the environment and 
people.  

• Chose to not pursue psychology and 
social work because it’s an 
oversaturated field. 

Working in renewables • The participant enjoys the combination 
of power electronics and renewables in 
engineering.  

Physics • Finds the content interesting  

Engineering • Overall, the participant loves 
engineering and everything that is 
associated. One of the reasons they 
continue to persist through their 
undergraduate program. This is a larger 
reason more than financial reasons to 
pursue a career in engineering. 

Utility 
A task that is 
useful related to a 
career in 
engineering.  

Computer 
Science/Engineering 
makes money 

The participant shared that it was a major 
interest to them pursue computer science and 
engineering because of the salary to support 
themself after they graduated.  

Cost 
A task that you do 
not want to engage 
in related to a 
career in 
engineering. 

The difficulty of 
Engineering Programs 

• The content is very difficult and causes 
tremendous stress.   

Art, Psychology, 
Physics, Social Work 

• The participant considered these as 
other careers, but found the most 
interest in engineering and provided 
more benefits than the other fields. 
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Other notes: 
 

Other identities: • First-generation college student 
• Stated that they are older than the traditional student 

Transfer Process • The process was not too complicated 
• A lot of paperwork involved and logistical adjustments 

(ex. Navigating the campus) 
• Not really anyone there to help you figure it out 

E-Portfolio Entries 1. EMF sensor for the wirelessly powered drone project 
after the REU Program 

2. Research Poster 
3. SAS Visit  

Reason for attending 
community college 

Save money 

 
 
Participant J 

 
REU Program - How does an REU program influence your persistence? 

Attainment Value 
A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

Field Trips • Seeing the possibilities and opportunities at the different industry 
tours and field trips. It started opening the participant’s eyes to see 
the potential of their future as an engineer. 

Research 
Experience 

• The REU Program exposed the participant to research and a taste of 
graduate school. It showed a potential future in pursuing a Ph.D. and 
research. 

• Never considered doing research, but the research experience 
developed confidence in the participant.  

• The participant shared that they saw themself as a researcher. They 
could solve a research problem because of the tools gained in the 
research experience.  

• As a researcher, you have to be able to read and write. The 
participant understood the purpose and you cannot be a researcher 
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without it. They understood that they could do this skill to be able to 
do research. 

Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Lab 
Environment 

• Enjoyed working in the lab with a team and being around things 
they liked to do in the lab. 

Overall REU 
Program 

• Able to show the participant what they liked and didn’t like about 
engineering. 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Overall 
experience 

• Helped to get started in the field of engineering 
• Introduced research and exposure to new ideas in 

engineering/research. 
• Changed the participant’s way of thinking and making decisions in 

engineering. 

Research 
Project  

• Experience of sitting in the lab because of testing and measuring a 
specific material  

• Use of different tools like MATLAB, Pyton code, the scope to help 
to learn how to manipulate things and solve problems. 

• Experience in using tools to create designs and investigate a project. 
• Experience in reading and writing as a researcher to develop 

research skills. 

Technical Lab • Wideband gap workshop - Used real-world application of the 
technical lab to test a schematic.  

Perfect Pitch • Helpful in developing the English language with it being the 
participant’s second language helped to prepare for the participant’s 
presentations in their academic experience. 

Transfer Process • The REU experience was a bridge between the community college 
and the four-year college in which the REU Program was located. 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 
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Reading and 
Writing in 
Research 

• The participants enjoyed engineering because of the hands-on 
aspects, so the amount of time early in the research process was 
frustrating where it involved a lot of waiting with reading and 
writing. However, the participant understood the purpose of reading 
and writing for research.  

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment 
A task in your 
educational experience 
that impacted your self-
perception or identity 
related to engineering.  

N/A 
 

Intrinsic 
A task in your 
educational experience 
that was enjoyable related 
to your engineering 
career. 

Community 
college study 
group 

• Group of students who attended the 
participant’s community college and 
then transferred to the four-year college. 
They contributed to being a community 
at the four-year college and study group. 

Utility 
A task in your 
educational experience 
that was useful to 
pursuing a career in 
engineering.  

Community 
College  

• The small classes, talk to the instructor, 
and gained knowledge quicker than at a 
four-year college.  

• Center Director to help support and 
guide through the undergraduate 
process. 

Study Groups • The importance of having a group of 
peers at community college and four-
year college to be successful in the 
classes. 

 
Electronics • Gained experience with electronics in 

high school through soldering 

Cost 
A task in your 
engineering program that 
you did not want to 

Finding a study 
group at a four-
year college 

• When transferring to a four-year 
college, it was difficult for the 
participant to find people to be part of 
the study group. This negatively 



  210 

 

engage in related to 
engineering.  

impacted their understanding of the 
class.  

Four-year 
college classes 

• Classes were difficult because they were 
all engineering focused and there were 
no general education requirements 
balancing the rigor.  

• Figuring how to pick classes, how to 
study for these classes, talk to the 
teacher to gain more information, find 
students to study, or gain more 
information. 

Getting help to 
be successful  

• The participant had difficulty getting 
what they needed from the engineering 
program, such as support and limited 
time with the teacher and space.  

• The participant wished there was a 
Center Director like at the community 
college. 

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment 
A task that impacts your 
self-perception or identity 
related to engineering. 

Tinkering • Opening a radio to see what it’s doing 

Role Model - 
Dad’s friend was 
an engineer 

• Would see the activities that the 
participant’s family friend would do as 
an engineer and realized that they could 
see themselves doing it. 

FREEDM REU 
Program 

• When beginning the program, it is 
when the participant started feeling like 
an engineer. 

Intrinsic 
A task that you enjoy 
related to a career in 
engineering 

Tinkering • Enjoyed taking apart electronics like a 
radio. 

Utility 
A task that is useful 
related to a career in 
engineering.  

N/A N/A 
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Cost 
A task that you do not 
want to engage in related 
to a career in engineering. 

Pilot The career was not a safe choice, so pursued 
engineering. 

 
Other notes: 
 

Other identities: • English as a second language 

Transfer Process • Difficult transition with having to immediately take challenging 
engineering courses, finding people for study groups, adjusting 
to the campus, and becoming comfortable with the academic 
study. 

E-Portfolio Entries 1. Picture of the participant sitting in the lab 
2. Technical Lab: Wide Bandgap Workshop 
3. Perfect Pitch Presentation 

Reason for 
attending 
community college 

• Introduced to Wake Tech after moving to the United States 
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Appendix J: Overall Interview Summary 

REU Program - How does an REU program influence your persistence? 
Attainment Value 

A REU Task that impacted your self-perception or identity related to engineering. 

Tasks Value Details 

REU Program • Felt that once they participated in the REU Program that 
they were “part of the club’ at their university. They felt so 
differentiated for so long at a community college and felt 
like they belonged at a four-year institution. (A) 

• Does not feel like they are a part of electrical engineering 
but feel inclined towards mechanical engineering during the 
REU Program. (E) 

• The experience increased the participant’s confidence as an 
engineer who is able to solve problems without being 
intimidated. (G) 

• “Small fish in a lake” (H) 
• Realized how many people are working on their “crazy” 

ideas in addition to worldwide. (H) 
• Made the participant feel a lot better about being an 

engineer. (I)  
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• The REU Program exposed the participant to research and a 
taste of graduate school. It showed a potential future in 
pursuing a Ph.D. and research. (J) 

• Never considered doing research, but the research 
experience developed confidence in the participant. (J) 

• The participant shared that they saw themself as a 
researcher. They could solve a research problem because of 
the tools gained in the research experience. (J) 

• As a researcher, you have to be able to read and write. The 
participant understood the purpose and you cannot be a 
researcher without it. They understood that they could do 
this skill to be able to do research. (J) 

• When beginning the program, it is when the participant 
started feeling like an engineer. (J) 

Research Project • At the end of the program, the participant was able to see 
how they related to engineering based on different tasks 
within the research project. (B) 

• Graduate Mentor provided positive feedback to participants 
that they were doing a great job on the technical project. (D) 

• Does not recognize electrical engineering but feels inclined 
towards mechanical engineering. 

E-Portfolio Entry • Received recognition on the Portfolium platform and 
Education Workforce and Director for a well-done entry and 
technical work. (D) 

Industry Tours/Field 
Trips 

• The experience of going on the industry tours like SAS 
helped the participant to think of the opportunities for 
themself and the possibility of their life as engineering 
professionals. 

• The participant was able to see what the potential could be 
for their career and bring familiarity at SAS (I).  

• Seeing the possibilities and opportunities at the different 
industry tours and field trips. It started opening the 
participant’s eyes to see the potential of their future as an 
engineer. (J) 

Extra Project • The additional work to help in other research projects helped 
the participant understand the value of their skillset in the 
field. (G) 

Discussions and Talks 
surrounding graduate 
students 

• Considering pathway as a Master’s and Ph.D. student 
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Intrinsic/Interest Value  
A REU task that you enjoyed doing related to engineering. 

Tasks Value Details 

Research Project • Enjoyed the programming aspect of the research project, 
which resulted in continuing their passion for programming. 
(A) 

• Interesting problem and excited about it particularly that it 
dealt with software. (B) 

• The experience of submitting a conference paper for 
advancement in the field was “cool.” (C) 

• Spent significant time and overnighters working with a 
graduate mentor for the design with multiple trips to Home 
Depot. (C) 

• Most proud of this work and enjoyed the process. (C)  
• The research type of approaches was not interesting to the 

participant, which attributed to their decision to not pursue 
engineering. (E) 

• The participant enjoyed working on their research project as 
well as an additional project that was outside of the scope of 
what was asked of the participant. (G) 

• The participant liked that others found value in their skillset 
and it was challenging. (G) 

• Found working on this research project really interesting, 
particularly working with more extreme electronics like 
semiconductors. (I) 

• The participant enjoyed all the project work at the Center. 
(I) 

• Enjoyed working in the lab with a team and being around 
things they liked to do in the lab. (J) 

Research 
Symposium/Poster 

• The experience is fun to collectively get together with others 
to share exciting parts of their research using public 
speaking skills, walk around to see others’ work and get 
dressed up. (E) 

• An enjoyable experience to create the summary of the 
poster, present informal clothes in the particular 
environment, and learn from others who were working on 
their projects. (H) 

• Ability to bring the participant’s passion for art and design 
with the knowledge of engineering for the design of the 
poster. (I) 

• Able to use their art skills for original drawings on the 
product. (I) 
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Industry Tours • The tour was fun to be in that professional environment. (E) 
• Strong interest in nuclear engineering and enjoyed reading 

more and learning from the tour. (I) 
• The participant found the company very interesting with 

their different work in engineering.(I) 
• An amazing environment, including the cafeteria as well as 

learning about. (I) 

Complex Problem 
Solving 

• Mentor asked to figure out a challenging problem and the 
participant came up with a schematic solution. (C)  

CAD Modeling • Creating a practical application and intricately detailed CAD 
model was “cool”. 

• 3D printed the CAD model into a tangible thing.  (C) 

Working with others • Enjoyed working with others and hearing about their 
projects and learning.  (A) 

• Enjoyed working with other people in the program, 
FREEDM System Center, PowerAmerica. (D)  

• Compared to taking on classes online, there was regular 
interaction with people who were on different projects. It 
allowed more connection through learning from each other 
and hanging out. (G) 

• Appreciated and enjoyed the challenges their graduate 
mentor provided to them, including other additional projects 
of interest to the participant. (I) 

Acceptance into the 
REU Program 

• Didn’t believe that they would be accepted into the program 
and when they did their confidence increased. (D) 

Teaching the 
SolidWorks Technical 
Lab 

• Enjoyed the overall experience of putting together a 
technical workshop with little notice to help the participants’ 
peers. (G) 

Disliked REU Tasks • It is not interesting to write and participate in professional 
development, for example, the LinkedIn page. (E) 

• Research conferences are not very exciting and the nature of 
the format. (E) 

Overall Program • Enjoyed the development of professional and technical skills 
as well as the industry experience throughout the program. 
(A) 

• The participant enjoyed the community gatherings for pizza 
with guest speakers and field trips that allowed the 
participant to experience engineering and science outside the 
lab. (B) 
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• Opportunities in the program for the participant to be out of 
their comfort zone and encouraged by the Education and 
Workforce Director to do so.  (D) 

• Able to show the participant what they liked and didn’t like 
about engineering. (J) 

Utility Value 
A REU Task that was useful to engineering 

Tasks Value Details 

Research Project • Working on the project that bundled computer science and 
electrical engineering aspects within a project provided 
insight and experience for the participant to develop their 
passion for programming. (A) 

• First experience working with programming language and 
microcontrollers.  (A) 

• Gained career clarity through the program that the 
unstructured approaches in the research were not of interest 
and looking to work in a more structured engineering 
environment. (B) 

• Mentor asked to figure out a challenging problem and it 
required the participant to solve using LT spice for 
something productive. It was their first experience using the 
LT Spice software. (C)  

• Created a design on Solidworks that helped to demonstrate 
their technical skills and work in an interdisciplinary team. 
(G) 

• Development of the EMF Center that cumulated the 
experience (G) 

• Lab experience (G) 
• Cumulative application of the skills learned in the research 

experience. (G) 
• Teamwork and collaboration on a large project (G) 
• Project management (keeping up with deadlines) (G) 
• After participation in the REU Program, the participant 

continued to work with the Center. They found this the most 
significant power electronics and electrical engineering-
related design in their research experience there. (I) 

• Experience of sitting in the lab because of testing and 
measuring a specific material (first time working in a lab). 
(J) 

• Use of different tools like Python, the scope, and the cloud 
to help to learn how to manipulate things and solve 
problems. (J) 
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• Experience in using tools to create designs and investigate a 
project. (J) 

• Experience in reading and writing as a researcher to develop 
research skills. (J) 

Research 
Symposium/Poster 

• Experience in dressing up and pitching your research. (E) 
• Provided training helping to convey something quickly as 

the participant has used it a lot in real life. (F)  
• Cumulation of so much work in a short amount of time and 

representative of experience gained (D) 
• Summarizing your research (H) 
• Speaking with other students (H) 
• Communicating technical knowledge cohesively (H) 
• Learning from others (H) 
• Applicable to his current job (H) 
• Showcased the participant’s soft skills by using 

communication skills to take their research into words with 
details and explain in layman’s terms. (G) 

• Combine skillsets of art and engineering knowledge to 
present research with feedback from the Program Leaders. 

• Gained experience talking and answering questions from 
people (I) 

• Confidence because it was the culmination of all the work 
the participant completed over the summer. (I) 

Technical Labs • Created a real design in CAD that later would be 3D printed. 
(C) 

• Gained experience infinite analysis. (C)  
• Gained knowledge surrounding wide bandgap and electric 

filters. (D) 
• Learned and gained experience with tools to analyze 

systems. (D) 
• Instructor patient with the participant that allowed them to 

learn. (D) 
• Resume builder to demonstrate soft skills (communication) 

and hard skills (Solidworks). (E) 
• Experience of asking to present with little notice. The 

participant had to determine what content is necessary for 
presenting SolidWorks and was forced to make quick 
decisions. (E) 

• Experience of using the participant’s own code (G) 
• Learning and testing code (G) 
• Contributed to computer science experience (G) 
• Soldering Lab - helped to understand the details of the 

research project  
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• Wideband gap workshop - Used real-world application of 
the technical lab to test a schematic. (J) 

Literature Review • Helpful in getting an introduction to their research topic in 
general from a large amount of written material. (F) 

• Prepared the participant for the first semester because on 
paper was more difficult 

• Learned how to write more in-depth and professionally. (H) 

Perfect Pitch • Helpful in developing the English language with it being the 
participant’s second language helped to prepare for the 
participant’s presentations in their academic experience. (J) 

Professional 
Development 

• Professional development sessions helped to understand the 
professional standards and communicate with people. (F) 

• Communication skills gained in the program have helped 
with the participant’s current Co-Op. (F) 

• Mind-Mapping Workshop helped to develop brainstorming 
techniques in writing all literature reviews. (I) 

Collaboration with 
Graduate Mentor 

• Willing to teach and patient with the participant. (D) 
• Taught technical knowledge that was useful for a research 

project. (D) 
• Respected participant’s technical knowledge and didn’t act 

as if there were a power dynamic. (D) 
• Encouraged the participant. (D) 
• Helped to develop the participant’s confidence. (D) 
• The participant’s graduate mentor was able to model and 

provide the idea of what it looks like to conduct research 
and test your ideas. (G) 

• Modeled different thought processes in the graduate 
mentor’s own work to show students. (G) 

• Support students by bringing tools to the students and 
setting the REUs up for their tasks. (G) 

FREEDM Conference • Networking - being able to go up and meet someone even if 
uncomfortable - made an impact in how the participant 
engages with other professionals - not scared to go up and 
meet another person. (D) 

Experience with 
university life 

• The participant was able to gain experience of what it will 
be like for university life when they transfer compared to 
community college felt like high school. (A) 

• Felt that they may have missed out on the university 
experience, but the REU Program made the participant 
experience college life. (A) 
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Interacting with new 
people 

• Community and a closer environment to meet new people 
and learn from them. (A) 

• Helped the participant to focus on what area they wanted to 
pursue in their studies by working alongside undergraduate, 
master’s, and Ph.D. students. (B) 

• The participant learned how to interact with a lot of different 
people. (B) 

• A graduate student at the Center assisted and supported the 
participant in solving the problem. (C)  

• Working with people with similar ideas, broaden the 
participant’s horizon, thinking more thoughtfully. (H) 

• Improved the participant’s abilities in the social experience. 
(H) 

Industry Tour/ Field 
Trips 

• Gain confidence and develop networking “alter ego” to be 
confident and not have “stage fright” when meeting other 
professionals. (D) 

• The participant found it interesting learning the connections 
between nuclear engineering and the history of the field and 
connections to the participant’s university. (I) 

• Gained networking skills and being in a professional 
environment to provide context and makes it feel less 
daunting (I) 

Resume builder • One of two internships the participant has experienced and 
uses it frequently for job interviews.  (A) 

• Demonstrated a lot of experience in engineering in 
professional and technical skills.  (A) 

• The experience provided evidence of experience as an intern 
at the ERC’s university. (B) 

• First professional job related to the participant’s discipline 
after the Air Force. (B) 

• A very cool feather in their cap. One more thing that they 
had done that I know that I got to be part of and proud of.(C) 

• Experience putting together a LinkedIn page helped give the 
participant more experience writing. (E) 

• Resume builder - built professional skills particularly oral 
communication, written communication, and finding sources 
as well as developing the participant’s confidence.(H) 

Post-graduate studies 
discussion and exposure 

• Considering educational opportunities in a Master’s or Ph.D. 
Program that was not considered before. The focus was four 
years. 

• Brought awareness of academic opportunities through the 
professional sessions as the participant did not originally 
consider the possibility.  (I) 
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Transfer Process • The REU experience was a bridge between the community 
college and the four-year college in which the REU Program 
was located.(J) 

Opportunities • Opened the participant up to new opportunities. (A) 
• The program provided a diverse amount of opportunities in 

a short period of time. (C)  
• Submitted a conference paper and experience of 

contributing an advancement that would have participated in 
what would be in the real world. (C) 

• The program provided many opportunities to network and 
develop confidence. (D) 

• Network with reputable people and executives who are 
professionals at a high standard. (D) 

Overall Experience - 
Provided clarity in their 
career 

• Helped the participant develop her passion for 
programming. (A) 

• Considered electrical engineering and provided an 
opportunity to explore the field. It provided clarity for the 
participant’s career pathway. It allowed the participant to do 
a career analysis and visualization of the two disciplines in 
engineering. It was not that the participant had a negative 
experience in the REU Program, but it helped with the 
overall decision. (C)  

• Experience and process of research were helpful to know 
that it wasn’t something personally that the participant 
wanted to pursue. It helped to provide the participant with 
insight for future education opportunities. (E) 

• The experience of research helped the participant understand 
that this type of work is different than their typical approach 
to engineering with a more product-focused mind. (F) 

• Helped to make the connection between power electronics 
and renewables. (I)  
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Overall Experience - 
Personal Growth 

• Found that there were different parts of the program that 
they would feel out of their comfort zone, but shared the 
program was valuable in which they got used to those types 
of feelings. (B) 

• The participant found that the moments of adversity in the 
program were useful for becoming a stronger person. (B) 

• Helped participants to come out of their comfort zone 
especially being more introverted than extroverted. (D) 

• Made the participant more persistent in tackling challenging 
components of engineering. (I) 

• Built confidence in their abilities if they put in the effort. 
(A) 

• Increased confidence through the “proof” that the participant 
was able to do engineering things.(I)  

Overall Experience - 
Helped to prepare for 
future opportunities 

• Early undergraduate research experience - the experience 
introduced to research and led to the participant pursuing 
other undergraduate research experiences. (G) 

• Provided insight into the qualities of other internships and 
continue to apply.  (A) 

• Helped the participant feel less nervous about attending the 
university the Center is located. (I) 

•  
 

Overall Experience - 
Skill Development 

• Improved the participant’s communication skills to 
communicate work over a longer period of time (ex. weeks-
months) through the different experiences. 

• The experience made writing papers a lot less intimidating 
and easier to write papers now. (I) 

• Developed a skillset to teach themselves better. (I)  

Overall experience - 
Mindset 

• Developed an engineering mindset that the participant 
needed for school, such as finding resources on your own or 
working on a problem. (I)  

• Changed the participant’s way of thinking and making 
decisions in engineering. (J) 

• REU conditioned the participant to think differently. (D)  

Overall experience • It was beneficial overall but found that the overall 
experience would be more useful for a younger student. (C) 

• The program provided support in completing the 
deliverables. (C) 

• Recommended program to others.  (D) 
• “Jammed a whole lot of constructive and enriching 

experiences, including the events, workshops, and tours. (E) 
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• Helpful to go through the process of the research project 
during the experience with the project and other components 
of the experience. (E) 

• The experience made it easier for the participant in class 
particularly electrical engineering type of classes (circuits). 
(G) 

• Overall, pretty much everything the participant did during 
the experience was useful. (G) 

• The REU Program helped to “push” the participant to power 
electronics and renewables. (I) 

• Helped to get started in the field of engineering. (J) 
• Introduced research and exposure to new ideas in 

engineering/research. (J) 

Cost Value  
A REU Task that you did not want to engage in related to engineering. 

Tasks Value Detail 

Research Project  • Felt as if they didn’t do a good job (B) 
• The participant was always questioning if they were 

completing tasks correctly.  (B) 
• Coming from the Air Force, the participant struggled with 

the lack of structure in research and openness. (B) 
• The research was too open-structured and flexible instead of 

specific tasks.  (B) 
• Lacked a team structure and was left independently at a 

research site off-campus.  (B) 
• It took so much time to get caught up to speed in the 

beginning. (B) 
• Was unsure of what success looks like in research.  (B) 

FREEDM Conference • It was difficult for the participants to engage in the 
conference because of the high level of technical content 
knowledge over a long period of time. 

Writing • Participants shared that students do not get excited about 
writing and professional development, such as the LinkedIn 
page. (E) 

• The LinkedIn page was helpful at the time, but difficult to 
sustain and keep up with the page. It provides worry and 
nerve-wracking that people will view the participant’s page. 
(I) 

• The participants enjoyed engineering because of the hands-
on aspects, so the amount of time early in the research 
process was frustrating where it involved a lot of waiting 
with reading and writing. However, the participant 
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understood the purpose of reading and writing for research. 
(J) 

Collaboration with 
Graduate Mentor 

• The graduate mentor was hands-off and not as available for 
feedback. (B) 

• Felt the guidance was missing. (B) 

The overall program is 
ideal for a traditional 
student 

• The participant felt that the activities were beneficial, but 
found there were times that it was not as catered towards the 
non-traditional student. (C) 

Introduction to the REU 
Program 

• Small tension and hesitation in meeting other REUs in the 
beginning in the group before starting on projects. 

Electrical Engineering 
Focus of the Program 

• The participant feels that electrical engineering doesn’t 
make sense and is more inclined to mechanical engineering. 
(F) 

• Particular talks are not as interesting because of the lack of 
connection to the participant’s specialty. (H) 

 
Engineering Education 

Were there extrinsic tasks that influenced your persistence during your K-12 and engineering 
undergraduate experiences? 

Value Tasks Value Details 

Attainment  Studying at the 
four-year college 
library 

• As a community college student, the participant 
would go study with friends at the four-year college 
because of the environment. Then, the participant 
transferred there as a student and felt part of the 
university. (F) 

Didn’t associate 
themselves with 
an engineering 
career 

• The participant didn’t associate themselves with 
engineering because they thought it was too 
difficult. They felt more like an “art kid.”  

• Lack of female role models. 
• No plans to attend college initially and then in their 

senior year took pre-calc last minute. 
• Never considered a technical career. 

Part of the four-
year college 
community 

• Incredible to attend a university that has so many 
inventors and has done some major things to 
change the world. 

• Great community that works to make an impact and 
difference and enjoys being a part of that. 
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Intrinsic  Exploring 
different 
chemicals 

• Interested in the topic. (B) 

Studying how 
things work, 
science, and 
technology 

• Interest and grew up with computers at home since 
the early 2000s. (B) 

Tasks related to 
engineering and 
their specialty 

• Enjoys the focus on fluid flow, rockets, and 
airplanes. (D) 

• Concentrating on a specific field, such as airflow, 
the flight is changing constantly, and the space 
industry is booming. (D) 

• Connections to Elon Musk, Bezos, and Virgin 
Galactic.  (D) 

• The participant enjoys their job that includes 
engineering activities related to being an electronics 
design engineer. The participant wanted to design 
circuits, build things, and do some programming, 
which was part of the job description. (E) 

• The participant enjoys learning the engineering 
content in their courses. (I) 

• Enjoyed taking apart electronics like a radio. (J)  

Internships and 
Co-Op Experience 

• Enjoys doing the activities related to the 
participant’s Co-op with a wide variety of 
engineering with design and manufacturing. (F) 

• The participant has enjoyed their internships and 
labs with the hands-on experience and helped with 
the job search. (G) 

Engineering 
Classes 

• Enjoyed starting engineering courses at the four-
year college compared to the general education 
courses at a community college. (F) 

The social aspect 
of the engineering 
program 

• The participant enjoys getting out of the house and 
talking to people with similar mindsets and goals 
with different backgrounds in their engineering 
program. 

• Group of students who attended the participant’s 
community college and then transferred to the four-
year college. They contributed to being a 
community at the four-year college and study 
group. (J) 
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Virtual Learning • Because of COVID changes, classes were virtual 
and online recorded videos to support students. The 
participant enjoys learning in this way compared to 
traditional methods. 

Utility  Community 
College 

• Save money and not be in debt. (A, D, I) 
• Good reputation with engineering-related courses 

(A) 
• Introduction courses were very hands-on with 

visual aides and walk through the content. (A) 
• Provided a good foundation before determining a 

career pathway. (B) 
• Small classroom sizes, more versatility more 

learning (C, D, E) 
• Quality education for general education courses (C) 
• Advisors supported the transition between the 

institutions and having other students on campus 
helped the transition. (D) 

• Transfer to a four-year institute easily (D) 
• The participant’s community college had small 

class sizes, memorable teachers, and personal 
experience, such as instructors learning students’ 
names. (E) 

• The participant found their community college 
useful because of the quality of the program, 
inexpensive, stay at home, work, save money, and 
reduce college debt. (G) 

• A smaller school, small program, and closer 
community by knowing everyone in their classes 
and teachers with more face-to-face interaction and 
one-of-a-kind relationships. (G) 

• Teachers better-supported students in their courses. 
(I) 

• The small classes, talk to the instructor, and gained 
knowledge quicker than at a four-year college.  (J) 

• Center Director to help support and guide through 
the undergraduate process. (J) 

Real-World 
Experience 

• Air Force and gained experience with science and 
engineering-related tasks. (B) 

Study Groups • The importance of having a group of peers at 
community college and four-year college to be 
successful in the classes. 
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Middle School 
Science Teacher 

• Supported the participant’s interests and allowed 
them to pursue certain areas of their own interest. 
(B) 

Four-year 
university in the 
participant’s ideal 
location 

• Availability of a four-year college in an area that 
the participant was hoping to relocate. (C) 

Working with 
advisors at their 
four-year 
institution  

• Advisors at the four-year institution helped to 
support the participant in their program (D). 

Homeschool • Parents were able to create learning experiences 
with engineering experiences. (E) 

High-quality 
engineering 
program  

• Shared they selected a particular four-year college 
over another due to higher quality education. (F) 

Connecting with 
others at the four-
year institute 

• The participant’s friend also attended their school 
which helped with adjustment to the four-year 
college. 

• The program helped to provide a career path to 
follow. (I) 

Valuable skills • Their undergraduate program has helped the 
participant to learn a lot of valuable skills. 

K-12 Experience  • Exposure to math and a community of people, 
including a teacher who brought awareness to the 
participant of their abilities in Math Club. (G) 

• Gained experience with electronics in high school 
through soldering. (J) 

Virtual Learning • Because of COVID changes, classes were virtual 
and online recorded videos to support students. (I) 

Cost Community 
college 

• The format was similar to high school. (A) 

Completing non 
transferable 
courses  

• Took classes that were for a different university and 
ended having to play catch up with additional 
courses at the four-year institution the participant 
attended. (A) 
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Transferring to the 
four-year 
institution 

• Intimidated to attend this institution. (A) 
• Nonpersonal professors, more difficult classes with 

dry/non Nonpersonable teachers in the participant’s 
major. (G) 

• Felt a difference in students who had already been 
at their four-year institution, such as school pride, 
compared to the participant who was just adjusting. 
(H) 

• Fellow students were two years younger (H) 
• Campus classroom sizes larger (I) 
• More students (I) 
• Knowing who to go to teaching assistants or going 

to teachers (I) 
• Navigating parking on campus (I) 
• Financial aid only covers required classes leaving 

less flexibility to take classes out of the 
participant’s own interest. (I) 

• There wasn’t a person to help transfer students 
navigate the transfer process. (I) 

• All difficult classes once the participant arrives at 
the campus. (I) 

• The participant had difficulty getting what they 
needed from the engineering program, such as 
support and limited time with the teacher and space. 
(J) 

• The participant wished there was a Center Director 
like at the community college. (J)  

Lack of female 
students 

• The participant attended classes that were mostly 
male and wished there was more female 
representation. (A)  

Difficulty 
Connecting with 
peers 

• Difficult to find a peer to connect with because 
everyone knew each other since they already 
attended. It resulted in the participant having to be 
more independent in her studies. (A) 

• The social aspect was missing from the 
undergraduate experience. (B) 

• When transferring to a four-year college, it was 
difficult for the participant to find people to be part 
of the study group. This negatively impacted their 
understanding of the class. (J) 
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Engineering 
Classes 

• The implementation of the classes can be “super 
academic” with how things are done, how 
universities do it, and less practicality. (B) 

• Did not receive a strong foundation in Algebra in 
high school, therefore, it impacted the general 
education courses where the participant felt that 
they were playing catch up in different courses. (C)  

• Classes become more difficult in engineering as 
you progress (as anticipated). (D)  

• Professor was brutally honest and at one point 
impacted the participant to almost not want to 
pursue aerospace engineering. (D) 

• Shared it can be worrisome that the engineering in 
their curriculum can be very general and wished it 
provided more real-world application with deeper 
engineering concepts. (F) 

• Retaking introduction courses because of the 
requirements. (H) 

• Teachers are less approachable and the participant 
feels that they cannot ask their questions. (I) 

• Expectations of skillsets for activities, such as 
MATLAB, without taking time to teach the 
required skills. (I) 

• Classes were difficult because they were all 
engineering focused and there were no general 
education requirements balancing the rigor. (J) 

• Figuring how to pick classes, how to study for these 
classes, talking to the teacher to gain more 
information, find students to study, or gain more 
information. (J) 

Attending school 
far away from 
family 

• The participant began to feel homesick and 
struggled with classes if they were not doing good 
enough, which resulted in the participant 
withdrawing from the class. (B)  

Fewer women 
present in 
engineering fields 
in the 2000s 

• Observed in high school that there were fewer 
women in the engineering fields. There were gross 
attitudes towards women in this field, such as being 
less capable.  

Full-time job + 
Full-time school 

• Manage to work full-time and attend school full-
time.  
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The pressure and 
competition of 
other students 

• Felt stressed by other students who are rushing to 
get through the program while the participant wants 
to take things slower.  

• Would experience meltdowns if felt the participant 
was not doing well compared to their peers. Then, 
the participant would then ink this would prevent 
them from getting a job.  

The stress of 
learning in 
COVID 

• Submitting homework through scanning and the 
efforts necessary in this virtual environment. 

Attending college 
as a first-
generation student 

• The participant struggles as lacking the resources 
and knowledge that students who have parents who 
have attended college. 

 
Engineering Field/Career Outcomes 

Why become an engineer? 

Value Tasks Value Details 

Attainment Daily tasks 
associated with 
engineering 

• Felt that programming made her aligned towards 
computer engineering and computer science. (A) 

• Associates themselves as a programmer, a 
computer scientist, software engineering, and 
software developer in the world of engineering. 
(B) 

• Worked in computer science as an engineering 
undergraduate and has the skillset, therefore 
continued into a career. (G) 

• Associates themselves with engineering because 
of physics classes. (I) 

• Difficult to imagine them pursuing a career in 
engineering. (I) 

• Seeing examples of successes (ex. Portfolium) lets 
the participant know that they belong in 
engineering. (I) 

Engaging with Role 
Models 

• The whole family was engineers that served as 
role models. This made the participant feel like 
this was part of who they were as a person.(E) 

• Would see the activities that the participant’s 
family friend would do as an engineer and realized 
that they could see themselves doing it. (J) 
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Math/Science 
related 

• Since secondary education that the participant was 
good at math/science (H) 

• The participant finds themselves suitable for 
engineering since math and physics are their 
strengths. (I) 

Intrinsic  Math-related tasks • Enjoyed learning the content. (D) 
• The participant enjoys the application of math and 

science in engineering. (G) 
• Enjoy the activities associated since middle 

school; More straightforward than English. (H) 

Science-related 
tasks 

• Enjoyed learning the content. (D) 
• The participant enjoys the application of math and 

science in engineering. (G) 
• Enjoy the activities associated since middle 

school; More straightforward than English. (H) 

Engineering-related 
tasks 

• Enjoys programming and this led to the initial 
pursuit of engineering. (A) 

• Enjoys learning more about programming and the 
field.  and hopes to continue to work with 
programming. (A) 

• Enjoys their career in consulting engineering that 
uses programming. (A) 

• The participant naturally is interested in how 
things work and solving problems, which 
attributes to their interest in engineering. (B) 

• It is the general interest in solving a problem and 
not being sure of the solution initially, which can 
be challenging. (B) 

• Engages in an Agile project management 
approach and enjoys the way you receive points 
and accomplish goals for engineering tasks. Each 
new task brings problem solving and unknown, 
which is exciting to the participant. (B) 

• Enjoyed learning skills in a capstone course and 
hopes to continue in their career. (D) 

• Using tools or working with people to solve the 
problem. (D) 

• Enjoys activities like puzzles and engineering is a 
puzzle. (D) 

• Enjoy hands-on work. (D) 
• The participant enjoys their job that includes 

engineering activities related to being an 
electronics design engineer. The participant 
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wanted to design circuits, build things, and do 
some programming, which was part of the job 
description. (E) 

• Enjoys the application of engineering. (E) 
• The participant enjoys building and designing 

things since they were a child. (G) 
• Enjoys the design part of the work development 

portion of projects. (G) 
• Designing on Solidworks and ending with a 

physical product. It is fulfilling to the participant. 
(G) 

• The participant enjoys mechanical engineering 
because of the versatility and opportunity to 
pursue a lot of different fields. It doesn’t require 
being committed to one niche area. (G) 

• When taking courses in programming, they did 
not enjoy programming, which is what attributed 
to the person pursuing engineering. (I) 

• The participant enjoys the combination of power 
electronics and renewables in engineering. (I) 

• Overall, the participant loves engineering and 
everything that is associated. One of the reasons 
they continue to persist through their 
undergraduate program. This is a larger reason 
more than financial reasons to pursue a career in 
engineering. (I) 

Real-world 
Experience 

• Worked with engineers during as being a deep 
water diver and realized this would be a field they 
would like to pursue.(D) 

• Seeing their dad come up with ingenious ideas to 
fix small problems. (D) 

Helping people • Enjoys helping people in a fundamental way. (F) 
• Likes helping the environment and people. (I) 
• Chose to not pursue psychology and social work 

because it’s an oversaturated field. (I) 

“Playing” and 
Tinkering for fun 

• The participant would play with computers and 
want to understand how the games were installed, 
the configuration system, and understanding how 
things worked “behind the scenes” of the 
computer. (B) 

• The experience of working on cars was attributed 
to their interest in engineering. (D) 
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• Spend hours playing Minecraft with friends and 
started the interest of making plugins and writing 
language for a public server. The participant 
enjoyed the collaborative nature with their friends 
in these activities. (E) 

• Enjoys tinkering in the participant’s free time and 
understanding how they work. (F) 

• Enjoys computer science because you solve 
problems with tools. Similar to a puzzle because 
you have free will you only had certain tools, you 
had to use them in different ways to be able to 
solve the problem. And you had to change your 
way values to solve the problem. (H) 

• Likes the idea of programming, something, 
solving a problem, thinking about ways I can do 
this in a different way, like coming up with a way 
to solve the puzzle, sort of like that logical 
thinking. (H) 

• In high school, the participant would spend time 
editing the programming and script on their 
MySpace page. (I) 

 
The happiness of 
Completing 
milestones in 
Engineering 

• The feeling of happiness for completing all the 
obstacles in a degree on a large, reputable campus 
developed the confidence to continue into an 
engineering career. (D) 

Utility  Specialty in 
Engineering 

•  
• Many present figures like Elon Musk, Bezos, and 

Virgin Galactic in aerospace engineering for 
aerospace engineering. (B) 

• The space industry is booming for aerospace 
engineering (B).  

Engineering  • Worked with other engineers as a deep water diver 
and found that it would improve their salary. (C)  

• The participant shared that it was a major interest 
to them pursue computer science and engineering 
because of the salary to support themself after 
they graduated. (I) 

• Engineering can help people through 
infrastructure and providing technological 
fundamental needs like medical devices. (F) 
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Undergraduate 
Engineering 
Program 

• Completed an undergraduate degree and have the 
education to continue into a career 

Cost Choosing a career 
in engineering over 
other careers 

• Didn’t pursue arts because it would not be as 
beneficial as engineering. (A) 

• In the long run, the participant felt that it would be 
the most beneficial career to pursue. (A) 

• Found that the career is good for financial 
security. (A) 

• The sheer amount of opportunities in their local 
area and opportunity for higher growth. (A) 

• Enjoys doing math and science and would prefer 
engineering rather than pursuing a job in the 
medical field. (H) 

• The participant considered Art, psychology, 
physics, social work, as other careers, but found 
the most interest in engineering and provided 
more benefits than the other fields. 

• Becoming a pilot is not a safe choice, so pursued 
engineering. 

Engineering 
Content 

• The content is very difficult and causes 
tremendous stress. 

Time to pursue 
another career 

• The main reason the participant wouldn’t change 
their career at this point is because of the work 
that went into the engineering degree.  (A) 

Selecting 
Specialties in 
Engineering 

• Planned to pursue mechanical engineering, but 
took a class in aerospace and aerodynamics class 
that pushed the participant away from mechanical 
engineering. (D) 

• Mechanical engineering is not a specific field. (D) 

Technical Work • Specifically wanting to work in a job with a 
hands-on job and not just focused on aircraft and 
analytics.  

 
Other identities • Member of the Air Force (B) 

• Member of the Military (C)  
• Member of the Military in Singapore (H) 
• First-generation college student (I) 
• Stated that they are older than the traditional student (I) 
• English as a second language (J) 
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Transfer 
Process 

• The four-year institution was intimidating, when the participant 
started at the four-year institute some peers already found their 
friend groups, participants planned to attend a different institution 
and switched, which also put the participant behind in the courses 
necessary for their four-year university. (A) 

• Natural progression between the institutions (B) 
• Not difficult, already had a small community transferring (D) 
• Smooth transition - Community college had a good process for 

transferring and friends transferred at the same time as the 
participant. (E) 

• Took some time to get up to speed, then found their groove with 
other classmates and study group. (F) 

• “It wasn’t too terribly bad.” At the four-year college, people already 
built relationships since their freshmen year. It took a semester to 
get used to the professors and get to know other people. (G) 

• Weird experience - there was confusion over which classes were 
required and not required; with a group of freshmen, but was 
technically junior.  

• The process was not too complicated. (I) 
• A lot of paperwork involved and logistical adjustments (ex. 

Navigating the campus) (I) 
• Not really anyone there to help you figure it out (I) 
• Difficult transition with having to immediately take challenging 

engineering courses, finding people for study groups, adjusting to 
the campus, and becoming comfortable with the academic study. (J) 

E-Portfolio 
Entries 

• FREEDM Conference (D) 
• Research Symposium/Research Poster (D, E, F, G, H, G) 
• Technical Lab - Circuits/Electric Filters Workshop, Wide Bandgap 

Workshop, Teaching the WBG Lab (D, E, G, J) 
• Research Project (All 3 entries for D, G, H, J) 
• FREEDM Conference (E) 
• Industry Tours - SAS (E, G) 
• Literature Review (F, H) 
• Professional Training and Development (F) 
• Perfect Pitch Presentation (J) 
• EMF sensor for the wirelessly powered drone project after the REU 

Program (G) 

Reason for 
attending 
community 
college 

• Save money and complete general education courses. (A) 
• Complete general education requirements and gain clarity on a 

career pathway. (B) 
• Matter of convenience and appropriate school at the time. (C) 
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• A cheaper option, reduce potential debt from attending a four-year 
college, good transfer program. (D) 

• Plan to complete a computer programming certificate and decided 
to pursue a bachelor’s degree. (E) 

• A few friends were attending with similar interests in engineering. 
(F) 

• Good local program (G) 
• Inexpensive to start at a community college and then transfer to a 

four-year college. (G) 
• Save money and reduce college debt (G) 
• Logistical reasons prevented the participant from attending a four-

year college. (H) 
• Returning from their military service in Singapore. (H) 
• Save money (G) 
• Introduced to Wake Tech after moving to the United States. (J) 

 
 
 

 

 

 

 

 

 

 

 

Appendix K: Codebook 

REU Program - How does an REU program influence your persistence? 
Value Tasks Definition Example 

Attainment 
Value 

 

REU Program Participant(s) 
discussed how the 
overall REU 
Program influenced 

“After the program, I feel like I 
accomplished something and then almost 
like, okay I'm the researcher. I can find the 
solution to the problem. Just give me some 
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A REU Task 
that 

impacted 
your self-
perception 
or identity 
related to 

engineering. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

their engineering 
identity. 

confidence that standard I can solve the 
problem.” 

Research 
Project 

Participant(s) 
discussed how the 
research project 
influenced their 
engineering 
identity. 

“Towards the end of the REU program, 
like I felt like I could see some of the 
fruits of my labor a little bit and towards 
the end, I got to accomplish certain things 
and get a better sense of like what I was 
doing. At that point that's when I was like, 
okay, maybe this is for me, maybe then I 
should really be pushing it.” 

E-Portfolio 
Entry 

Participant(s) 
discussed how the 
e-portfolio entry 
influenced their 
engineering 
identity. 

“And then the day after I spoke with Dr. X 
and she, she was like, you've been 
recognized, you know, as, as a weekly 
post. And it just uplifted me. She's like, 
you're doing a good job. Good, good job. 
The fact that you've been recognized and 
your part of the REU program. But she 
was proud of me, you know, as an REU. I 
felt good about myself after that.” 

Industry Tours/ 
Field Trips 

Participant(s) 
discussed how the 
industry tours or 
field attributes 
influenced their 
engineering 
identity. 

“It's nice getting into those environments 
where you get into professional 
environments, that kind of show you what 
sort of things you might be working on. It 
really helped me or helped me 
professionally is that it's just like some 
helps with a sense of familiarity. Like 
talking to other industry professionals, it 
feels a lot less daunting. You're able to 
kind of see the things that you might 
actually do as part of your career.” 

Extra Project Participant(s) 
discussed how 
working on an extra 
project influenced 
their engineering 
identity. 

“The whole transformer thing wasn't even, 
wasn't technically supposed to be part of 
my project. That was an extra thing, but I 
think that was probably the most 
interesting and useful thing that I did 
because it was, it was outside of the scope 
of the original project. It was showing 
additional work. And at the same time, I 
really liked having that additional work 
because it showed that other people were 
finding value in my skills and abilities, 
and it offered a big challenge.  
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Discussions and 
talks 
surrounding 
graduate 
students 

Participant(s) 
discussed how the 
discussion 
surrounding 
graduate school 
influenced their 
engineering 
identity. 

I didn't realize the difference between 
master's and Ph.D. So, learning about that 
was interesting. Like maybe looking at 
different paths now that I didn't pursue it, 
it's still something I like to think about. 
Like maybe I can go back and get a 
master's and my Ph.D. 

Intrinsic/ 
Interest 
Value  

A REU task 
that you 
enjoyed 
doing 

related to 
engineering. 

Research 
Project 

Participant(s) 
discussed how the 
research project 
influenced their 
interest in 
engineering. 

“It was my first experience working with a 
programming language and being able to 
work with microcontrollers and have to 
program them. And it was the simplest 
task that I was given to do, but I still 
found the most joy in trying to do it and 
working on my own and trying to figure it 
out and then going back and saying like, 
here, this is what I did. What's next? What 
can I do after this then just kind of that 
progression? I really enjoyed that part of 
it. And it, at first, my expectations going 
into the program that it was going to be 
not necessarily handholding and it was 
here you go, this is all the stuff you need 
to do.” 

Research 
Symposium/ 
Poster 

Participant(s) 
discussed how the 
undergraduate 
research 
symposium and 
poster influenced 
their interest in 
engineering. 

“And that was just a really neat and 
enjoyable experience. Learn more about 
what other people are doing, plan my own 
ideas, talking to people who may not be 
familiar with the electrical engineering 
ideas involved. And so, you have to like 
practice that skill. That's something I carry 
on. Like even in my current job, when I 
talk with people who aren't too familiar 
with the cloud, I'd like, explain something 
like that.” 

Industry Tours Participant(s) 
discussed how the 
industry tours 
influenced their 
interest in 
engineering. 

“SAS was a very, like really just 
interesting company. I didn't know that 
they were still privately owned and like all 
that stuff they do with like their water 
tanks and stuff. Really cool.” 
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Working with 
others 

Participant(s) 
discussed how 
working with others 
influenced their 
interest in 
engineering. 

“I think the most interesting was that like, 
everyone kind of got split up into 
different, uh, groups and had different 
projects to work on.” 

Teaching the 
SolidWorks 
Technical Lab 

Participant(s) 
discussed how the 
research project 
influenced their 
interest in 
engineering. 

“I feel like it, it kind of kept me on my 
toes and, and, and forced me to, to be able 
to make those short-term quick decisions, 
um, while making sure that I was, you 
know, helping people and teaching them 
something that was really cool.” 

Disliked REU 
Tasks 

Participant(s) 
discussed how the 
research experience 
negatively 
influenced their 
interest in 
engineering. 

“I guess that's just the nature of research 
conferences. They're not exactly the most 
exciting or like, um, pumped up thrilling 
thing in the world.”  

Overall 
Program 

Participant(s) 
discussed how the 
overall research 
program project 
influenced their 
interest in 
engineering. 

“And so, it was very memorable because I 
had to go out more out of my comfort 
zone in terms of talking to people that I'm 
not, you know, don't know too much 
about. And I really enjoy that.”  

Utility 
Value 

A REU Task 
that was 
useful to 

engineering 

Research 
Project 

Participant(s) 
discussed how the 
research project was 
useful to their 
engineering skillset. 

“It was my first experience working with a 
programming language and like being able 
to like the, we were working with like the 
microcontrollers and having to program 
them.” 

Research 
Symposium/ 
Poster 

Participant(s) 
discussed how the 
research 
symposium and 
poster were useful 
to their engineering 
skillset. 

“Through this experience, I was able to 
grow more in my networking skills, 
presentation skills, but more importantly I 
was able to build up more confidence in 
my ability to do research and successfully 
present it to others.” 

Technical Labs Participant(s) 
discussed how the 
technical labs were 

“I guess it would be the experience of like 
coding the Arduino, I to like look up stuff 
online, look up stuff on my own. That idea 
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useful to their 
engineering skillset. 

of like looking at things to use my own 
code, that like learn by myself and keep 
track of with myself, testing myself, to 
make sure it works.” 

Literature 
Review 

Participant(s) 
discussed how the 
literature review 
was useful to their 
engineering skillset. 

“The literature review was also useful just 
to get an introduction to the topic in 
general, from a large, massive written 
material on it. And I know the literature 
reviews are used in academics a lot, 
regardless.” 

Professional 
Development 

Participant(s) 
discussed how 
professional 
development 
sessions were useful 
to their engineering 
skillset. 

“The professional training and 
development in general in the program 
were a good introduction for, for a lot of 
us just from, you know, how the 
professional would address and how those 
standards change over time and 
communicating with people.” 

Collaboration 
with Graduate 
Mentor 

Participant(s) 
discussed how the 
collaboration with 
their graduate 
mentor was useful 
to their engineering 
skillset. 

“So going into this field and my mentor, 
XXX, I remember he was great. And he 
just taught me so much. He was patient 
with me. He taught, taught me more finite 
element analysis that I really enjoyed. I 
didn't, it was cool to know that I can use 
software to actually get data and 
manipulate it in a way to dissimulate how, 
for example, not in this case, a Toro 
transformer that has never been made 
couldn't actually function and get numbers 
that would be close to how they would 
kind of be in the real world.” 

Annual 
Conference 

Participant(s) 
discussed how their 
attendance at the 
annual conference 
was useful to their 
engineering skillset. 

“The reason why it was meaningful is that 
it was the first time I was actually at a 
conference where a lot of executives and 
people who are high standards, you know, 
they were there and I'm like, I'm so 
humble and, you know, and thankful to be 
here, but so many repeatable people like 
I'm here, you know what I mean?” 

Experience with 
university life 

Participant(s) 
discussed how the 
experience with 
university life was 

“That was kind of the general idea that I 
thought was going to happen, but it almost 
turned out to be like a mini, like 
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useful to their 
engineering skillset. 

progression into the university life. Like, 
so I definitely enjoyed that part.” 

Interacting with 
new people 

Participant(s) 
discussed how 
interacting with 
people was useful 
to their engineering 
skillset. 

“Learn more about what other people are 
doing, planning my own ideas, talking to 
people who maybe not are familiar with 
the electrical engineering ideas involved.” 

Industry Tour/ 
Field Trips 

Participant(s) 
discussed how the 
industry tours and 
field trips were 
useful to their 
engineering skillset. 

“I’d say like SAS we went to also other 
laboratories. It just helped me more gain a 
sense of confidence into how it can also 
have an alter ego and, you know, go work 
off of that and just use that alter ego as a 
way that I can communicate with people 
and just get rid of that stage fright and just 
be confident in what I'm saying.” 

Resume builder Participant(s) 
discussed how the 
industry tours and 
field trips were 
useful to their 
engineering skillset. 

“It was a very recent experience for me 
professionally. Not too sure I'm able to 
explain it too well when I talk other 
people and like interviews and stuff, but 
they're still a part of my resume and this is 
something that I talk about my play jobs, 
and I applied to internships. 

Opportunities Participant(s) 
discussed how a 
particular 
opportunity during 
the REU Program. 

“What was so cool about the whole 
experience is that it was, it was all an 
exercise working towards practical 
application. And if that paper had been 
accepted, that would have been an 
advancement that I would have 
participated in that would have gone out 
there into the real world.” 

Overall 
Experience - 
Provided clarity 
in their career 

Participant(s) 
discussed how the 
experience provided 
career clarity.  

“I started working on that project 
specifically that I started to really have a 
passion for programming specifically. So 
that really helped secure it.” 

Overall 
Experience - 
Personal 
Growth 

Participant(s) 
discussed how they 
personally grew 
from the 
experience.  

“I also gained a bit more confidence and 
believing in myself because I'm like, I'm 
talking to somebody who's working for 
their Ph.D.” 
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Overall 
Experience - 
Helped to 
prepare for 
future 
opportunities 

Participant(s) 
discussed how they 
were able to gain 
future experiences 
and opportunities 
because of their 
REU experience.  

“It would definitely help me get those just 
because it showed that I had experience in 
research, not necessarily what I did during 
the research, but just the fact that I did 
research and I was able to, um, show that I 
could, you know, start with a problem, do 
research, documented and 
communicated.”  

Overall 
Experience - 
Skill 
Development 

Participant(s) 
discussed how they 
were able to 
develop their 
skillset because of 
the overall REU 
Program. 

“It made writing papers a lot less 
intimidating or like that five-page paper, 
like that thing feel so much easier.”  

Overall 
experience - 
Mindset 

Participant(s) 
discussed how their 
mindset changed 
because of the 
overall REU 
Program. 

“And then my mind, my way of thinking, 
my way of doing things also change and 
then getting out of the Program.” 

Overall 
experience 

Participant(s) 
discussed the 
usefulness of the 
overall REU 
experience. 

“It was a great experience and I 
recommend it to anybody I've been told 
other people that I've known in the past. 
You know have you thought about being 
an REU at XXX. They have a great 
program there. It's great. You can learn a 
lot.” 

Cost Value 
 
A REU Task 
that you did 
not want to 
engage in 
related to 

engineering.  

Research 
Project  

Participant(s) 
discussed the 
negative impact of 
the research project. 

“I felt like it was a little bit challenging, 
and I remember leaving the REU program 
feeling like a little bit, like maybe is this 
for me?” 

FREEDM 
Conference 

Participant(s) 
discussed the 
negative impact of 
the FREEDM 
conference. 

“I guess that's just the nature of research 
conferences. They're not exactly the most 
exciting or like, um, pumped up thrilling 
thing in the world.” 

Writing Participant(s) 
discussed the 
negative impact of 

“I guess, writing and professional 
development skills is never really all that 
exciting, like no freshmen, really 
freshmen or sophomore transferring 
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writing during the 
REU Program. 

sophomore or junior or something like 
that. Um, no one really gets excited about 
having to sit down and write like a 
professional LinkedIn profile.” 

Collaboration 
with Graduate 
Mentor 

Participant(s) 
discussed the 
negative impact of 
their collaboration 
with their graduate 
mentor. 

“You know, so I think that that's 
essentially what I was missing is like a 
little bit more of that guide mentorship.” 

Introduction to 
the REU 
Program 

Participant(s) 
discussed the 
negative impact of 
the introduction to 
the REU Program. 

“There was small tension kind of at the 
beginning was impacting me negatively, 
but then it switched once we started doing 
projects and, you know, collaborating 
more, I saw that we were all on the same 
page.” 

Electrical 
Engineering 
Focus of the 
Program 

Participant(s) 
discussed the 
negative impact of 
having it more 
focused on 
electrical 
engineering. 

“I didn't find that some of the talks were 
not as interesting because I was thinking 
about computer science, and it was mostly 
engineering talks to that.” 

 
Engineering Education - Were there extrinsic tasks that influenced your persistence during 
your K-12 and engineering undergraduate experiences? 
Value Tasks Definition Example 

Attainment Studying at the 
four-year 
college library 

Participant(s) 
discussed how 
studying at the four-
year college library 
influenced their 
engineering identity 
during their K-20 
education 
experience. 

“While I was at (the student’s community 
college), my friends and I would actually 
like to go to (the four-year college’s 
library) to study and we were just kinda 
like looking around and like, wow, this is 
really nice compared to (the community 
college) stuff. (Our community college) 
stuff is good, but (the four-year college’s 
library) is like, whoa. So, we were around 
that all the time studying there. When I 
finally transferred, I was sitting in the 
same places at (the student’s four-year 
college). I was just, wow. This is mine 
now.” 
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Didn’t associate 
themselves with 
an engineering 
career 

Participant(s) 
discussed how they 
did not associate 
themselves with an 
engineering identity 
during their K-20 
education 
experience. 

“Definitely not engineering. Um, maybe 
vaguely computer science, but in high 
school and middle school, I was definitely 
more of an art kid.”  

Part of the four-
year college 
community 

Participant(s) 
discussed how their 
association with 
their four-year 
university 
contributed to their 
engineering identity 
during their K-20 
education 
experience. 

“(Their four-year college) in particular. I 
was saying it can be daunting, but it's also 
really, it's really incredible, being at a 
school that has so many inventors at it like 
that hadn't been major things that have 
changed the world. Just that being in a 
place where they continue to keep trying 
to do that.” 

Intrinsic Studying how 
things work, 
science, and 
technology 

Participant(s) 
discussed how 
studying how things 
work in science 
technology 
influenced their 
interest in 
engineering during 
their K-20 education 
experience. 

“It was really interesting. I just kind of 
liked the notion of exploring how different 
chemicals interact and whatnot. So, I liked 
the notion of basically how things 
worked.”  

Tasks related to 
engineering and 
their specialty 

Participant(s) 
discussed how doing 
engineering related 
tasks influenced 
their interest in 
engineering during 
their K-20 education 
experience. 

“And I've always been interested also in 
rockets and airplanes. And I just didn't 
think I was going to be here, but I am. 
And I, I love what I'm doing so far.”  

Engineering 
Classes 

Participant(s) 
discussed how their 
engineering classes 
influenced their 
interest in 
engineering during 

“I jumped in into the core of the 
engineering and the core of engineering 
classes, you know, that was, that was kind 
of interesting at community college at a 
finished-up upgrade in differential 
equations and calc three and everything, 
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their K-20 education 
experience. 

and one intro to engineering course, but 
they weren't really specifically 
engineering type courses other than 
statics.” 

The social 
aspect of the 
engineering 
program 

Participant(s) 
discussed how the 
social aspect of their 
engineering 
program influenced 
their interest in 
engineering during 
their K-20 education 
experience. 

“I actually do enjoy like the social aspect 
of it. Um, like getting out of the house, 
talking to people who are in a very similar 
mindset as you like, my classmates are in 
a very similar thing as me.” 

Utility Community 
College 

Participant(s) 
discussed how 
community college 
was useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“I was considering the arts, so I figured 
starting at community college would 
probably be the better decision anyways.” 

Real-World 
Experience 

Participant(s) 
discussed how real-
world experience 
was useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“I worked with fighter aircraft, and I 
helped, and the fighter pilots and I helped 
them plan their missions. And so, I had to 
learn about how the fires worked, like the 
radars, the, you know, the missiles, like all 
the lasers that were on these things.” 

Friend group Participant(s) 
discussed how 
friend groups were 
useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“I transferred in with a group of friends. 
And when I say group, I mean, I had a 
friend group, five or six friends at 
(community college) and four or five of 
them transferred with me to (four-year 
school) and continue to like to be in all of 
my classes. Like we went through the 
same degree, and I stuck with them 
throughout (the four-year school) and 
graduated with them. I definitely 
identified with a class of 20, 21. It was 
just my small group of friends that 



  245 

 

transferred. So, I definitely didn’t feel like 
left out or anything.” 

Middle School 
Science 
Teacher 

Participant(s) 
discussed how their 
middle school 
science teacher was 
useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“In middle school, I had a science teacher 
who was science or math. I can't 
remember maybe both actually. I felt 
really supportive of my interests.” 

Working with 
advisors at their 
four-year 
institution  

Participant(s) 
discussed how 
working with their 
advisors at their 
two-year and four-
year institution was 
helpful in their 
engineering 
program.  

 “A positive part of both colleges is the 
amount that the advisors in the department 
actually support the students.”  

Homeschool A participant 
discussed how 
homeschool was 
useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“I had ADHD and my mom homeschooled 
me and my mom and dad did a lot to make 
a really positive experience. And my dad 
was a really positive influence on me 
working on projects with me and that kind 
of thing.”  

Connecting 
with others at 
the four-year 
institute 

Participant(s) 
discussed how 
connecting with 
others at the four-
year institution was 
useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“It just gave me a career path to follow or 
like a potential path to follow. And 
thankfully I have liked my classes for it so 
far.” 

Valuable skills Participant(s) 
discussed how the 
valuable skills 
gained during their 

“I think I've learned a lot of really 
valuable skills that I've liked. I really 
enjoy a lot of the labs that we do, and I've 
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K-20 education 
experience were 
useful. 

gotten to do a lot of hands-on experience 
and a lot of internships too.” 

K-12 
Experience  

Participant(s) 
discussed how their 
K-12 experience 
was useful to their 
engineering skillset 
during their K-20 
education 
experience. 

“I joined the math club. So, I'd say mostly, 
it was just that I had people around who 
were like, okay. Yeah, usually you're 
pretty good at this.” 

Cost Community 
college 

Participant(s) 
discussed the 
negative impact of 
their community 
college. 

“At (the community college), it really 
didn't feel too much different from high 
school, honestly, just because it's a lot 
smaller classes. It just seemed; the format 
just felt a little similar to high school 
except for more freedom” 

Completing 
nontransferable 
courses  

Participant(s) 
discussed the 
negative impact of 
completing 
nontransferable 
courses. 

“I only had one or two computer science 
courses that were being offered two or 
three. They were the beginning of 
introductory courses, and you didn't get 
transferred over when I transferred. I had 
to like retake the beginning of 
introductory courses, which I didn't really 
think I needed to do.” 

Transferring to 
the four-year 
institution 

Participant(s) 
discussed the 
negative impact of 
their transfer to a 
four-year school. 

“The main thing I felt was intimidated. At 
the same time, I felt I could still through it 
be the same as anyone else, even if people 
had started sooner than me.” 

Lack of female 
students 

Participant(s) 
discussed the 
negative impact of 
having a lack of 
female students in 
their K-20 
engineering 
education 
experience. 

“I definitely would have wished that there 
were more female students as well. I felt 
like, I dunno, just not alone.” 
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Difficulty 
connecting with 
their peers 

Participant(s) 
discussed the 
negative impact of 
the difficulty of 
connecting with 
their peers during 
their engineering 
undergraduate 
program.  

“I felt a little bit more, not necessarily 
excluded, cause it's not like anyone's 
doing it on purpose, but it just felt 
distanced. So, I felt like I had a greater 
responsibility to kind of do things like 
study or go do homework, do it mostly 
alone, but there were already groups that 
had already been doing the majority of 
their work together. So, it felt more of an 
alone-type mission if that makes it.” 

Engineering 
Classes 

Participant(s) 
discussed the 
negative impact of 
their engineering 
undergraduate 
classes. 

“It was very difficult for me. I found 
myself playing catch up in every class. 
And so instead of learning, um, calculus, I 
was learning algebra, trying to keep up 
with calculus.” 

Attending 
school far away 
from family 

Participant(s) 
discussed the 
negative impact of 
attending their four-
year school far away 
from their family. 

“I got a little bit homesick. I had a physics 
class that I thought was really hard and I 
felt like I was really, really trying, like 
really trying.”  

Fewer women 
were present in 
engineering 
fields in the 
2000s 

Participant(s) 
discussed the 
negative impact of 
having less women 
present in 
engineering during 
the 2000s in K-12 
schools. 

“I think a big part of it too is just, I was a 
high score in the early 2000s and things 
were a lot less nice for women in a nerd 
sphere at that time as well.”  

Full-time job + 
Full-time 
school 

Participant(s) 
discussed the 
negative impact of 
working full-time 
and attending their 
undergraduate 
program full-time. 

“These last few semesters, it's, it's 
difficult, um, to make time for it. Um, I'm 
working, full-time going to school full 
time.” 

The pressure 
and competition 
of other 
students 

Participant(s) 
discussed the 
negative impact of 
the pressure and 
competition of other 

“That's been kind of like a little stressful 
for me cause I'm taking things slow. I've 
been working part-time here and there. 
People are taking like four to five classes 
and I'm like, I'm taking three.” 
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undergraduate 
students. 

The stress of 
learning in 
COVID 

Participant(s) 
discussed the 
negative impact of 
the learning 
environment during 
the pandemic. 

“I got so tired of taking photos of papers 
to like submit online. I would finish my 
homework and I would want to just be 
done, but I would have to take two 
minutes to scan everything with my phone 
and then like you have to make sure it 
looks okay, and then you have to make 
sure it's readable and then you have to 
email it to yourself to upload it.” 

Attending 
college as a 
first-generation 
student 

Participant(s) 
discussed the 
negative impact of 
attending college as 
a first-generation 
student. 

“I feel like there is this overall like 
sentiment, especially now that I'm older 
that kids, parents, at least one parent has 
gone to college and kids can like kids. 
Students can reference their parents when 
they are struggling with things or need to 
know stuff. I don't have that. I have 
nobody to ask.” 

 
Engineering Field/Career Outcomes - Why become an engineer? 
 
Value Tasks Definition Example 

Attainment General tasks 
associated with 
engineering 

Participant(s) 
discussed how their 
identity connects to 
their engineering 
identity. 

“I want to become a programmer, a 
computer scientist, software engineer, 
software developer. I want to know what 
software developers are doing. What are 
the problems they face?”  

Engaging with 
Role Models 

Participant(s) 
discussed how role 
models developed 
their engineering 
identity. 

“I had a family full of engineers and I 
knew I was already pretty decent with 
computers.” 

Math/Science 
related 

Participant(s) 
discussed how math 
and science-related 
activities developed 
their engineering 
identity. 

“I can't say there were any specific 
experiences other than just my general 
aptitude for science and math.” 
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Intrinsic  Math and 
science-related 
tasks 

Participant(s) 
discussed how math 
and science-related 
activities influenced 
their interest in an 
engineering career. 

“I can't say there were any specific 
experiences other than just my general 
aptitude for science and math, and that 
seemed like a good application of it and 
something that I would enjoy.” 

Engineering- 
related tasks 

Participant(s) 
discussed how 
engineering related 
activities influenced 
their interest in an 
engineering career. 

“I really do enjoy computer science even 
after these three years, I still like the idea 
of programming, something, solve a 
problem, thinking about ways I can do this 
in a different way, like come up with a 
way to solve the puzzle, sort of like that 
logical thinking.” 

Helping people Participant(s) 
discussed how 
helping people 
influenced their 
interest in an 
engineering career. 

“I definitely liked helping people. I love 
troubleshooting and I just want to keep 
furthering that like throughout my career, 
um, there doesn't have to necessarily be at 
a specific company. It doesn't have to be a 
specific role. I just, whatever it takes to 
get there, I would love to pursue that 
opportunity.” 

“Playing” and 
tinkering for fun 

Participant(s) 
discussed how 
playing and 
tinkering influenced 
their interest in an 
engineering career. 

“Obviously like a lot of teenagers, our age 
spent ungodly hours playing Minecraft, 
and we decided we wanted to start a 
Minecraft server and make a public 
Minecraft server and do all this stuff. 
Well, the thing about Minecraft servers 
was you had to have these custom Java 
plugins for them that would make your 
server unique and do cool things.” 

Utility  Specialty in 
Engineering 

Participant(s) 
discussed how their 
particular specialty 
in engineering will 
be useful to their 
career. 

“Elon Musk, Bezos, Virgin Atlantic. I 
want to be part of that.” 

Engineering  Participant(s) 
discussed how an 
engineering career 
will be useful. 

“I was looking for a way to improve my 
salary and still do something that I had an 
interest in. Engineering.” 
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Undergraduate 
Engineering 
Program 

Participant(s) 
discussed how their 
engineering 
undergraduate 
program was 
useful.  

“I'm suffering through all these difficult 
classes. I know there are tangential fields, 
you can work in with an engineering job, 
but it's just sort of like, I'm going through 
all this crap because I like engineering.” 

Cost Choosing a 
career in 
engineering 
over other 
careers 

Participant(s) 
discussed how they 
selected 
engineering over 
another career. 

“I was trying to be a pilot, that was my 
dream to be a pilot, but things have 
changed with family discussion and 
conversation. And then that's what I did 
the electronics over the high school or the 
electronics, and then just to get to be a 
pilot.” 

Engineering 
Content 

Participant(s) 
discussed how they 
don’t always enjoy 
the engineering 
content. 

“So that programming aspect. I wouldn't 
deny that I don't enjoy it.” 

Selecting 
Specialties in 
Engineering 

Participant(s) 
discussed that they 
selected a particular 
engineering content 
area over another. 

“But I was leaning more towards 
mechanical at the beginning. But then in 
high school, I would say my sophomore 
year, I had this intro to aerospace and 
aerodynamics class that professors from 
NCSSM was giving us.” 

 
Miscellaneous 
 
Value Definition Example 

Identity Participant(s) discussed how their 
identity connects to their 
engineering identity. 

“And at this time, I was 26 years old and I 
didn't graduate until I was like 30. So, I 
felt like I was kind of like the old guy in 
the room.” 

Transfer 
Process 

Participant(s) discussed the 
transfer process from the 
community college to a four-year 
school. 

“It wasn't the transfer process itself was 
thankfully not too complicated.” 

E-portfolio 
entries 

Participant(s) identified three e-
portfolio entries in their interview 
as the most meaningful 

“I picked the wirelessly powered drone 
because that is probably the closest to 
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mentioned in 
the interview 

experiences during the REU 
Program. 

power electronics that I have in this 
portfolio.” 
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