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Broadening the Participation of Rural Students in Engineering:
Exploring Community Perspectives

Abstract

Interest in increasing both the number and diversity of students enrolling in engineering has
resulted in significant research on students’ career choice decisions. Notably, however, while
general trends have emerged, many of the models that have been developed focus on majority
students. But an increasing body of work on students from a variety of specific demographic
groups highlight unique socio-cultural experiences that influence individuals’ career choice
decisions. Most relevant to this study, literature on rural students suggests that the lack of
high-level STEM courses in rural schools and a desire to stay close to home played key roles in
limiting students’ consideration of engineering as a potential career. However, little work has
explored how rural communities support and promote engineering as a career choice for their
students. Therefore, this study explored the ways in which rural communities provide support to
help students make fully informed decisions about engineering as a college major.

The findings presented here come from Phase 2 of a three-phase study exploring engineering
career choice among rural students. Using interview and focus group data collected from current
engineering students in Phase 1, Phase 2 turned to community members, including high school
personnel, local industry leaders, members of local governments, and members of key
community organizations (e.g., 4-H). Using interviews with 16 participants across 3
communities, we address the following question: What beliefs, experiences, and practices
characterize community members or organizations who support or encourage rural students to
choose engineering?

The interviews explored the participants’ perceptions of their community overall, resources that
helped students explore postsecondary options, barriers students faced to enrolling in
postsecondary education/engineering, understanding of engineering as a field both generally and
for students from that community, and ways Virginia Tech can be a better community partner
and fulfill its mission as a public institution. This project aims to broaden participation in
engineering by gaining a holistic understanding of the communities that effectively support
engineering major choice for rural students and provide contextual methods of increasing support
for students from these rural areas.

Introduction and Background

Current rates of engineering enrollment are not sufficient to meet the needs of the engineering
workforce. To meet this need, this project focuses on broadening participation of rural students
in engineering by better understanding how rural communities support and promote engineering
as a career choice. Despite vast differences in the geography and history of rural areas in the state
of Virginia, these regions face a similar set of challenges to future growth and prosperity. For
example, although 17.5% of Virginia’s population reside in rural areas, these communities only
support 11.5% of the state’s jobs. In addition, the poverty rate was 120.5% of the overall U.S.
rate for 2010-2014 and only 27% of the population holds an associate degree or higher,



compared to 51% for the state and 46% for the nation [1, 2]. Moreover, distance to and from
schools in the state’s rural regions can be quite significant. Most counties have only one high
school, and students live 30 minutes or more from their school, with school bus travel times even
longer. Coupled with lack of public transportation, this distance can present barriers to
after-school or other supplemental programs designed to spark student interest and engagement.
Given such conditions, students from the rural communities in Virginia face a number of
region-specific challenges related to educational access and attainment [3,4].

An increasing body of work has sought to better understand the needs and challenges of rural
students. Recent studies on career choice in Appalachia have identified the importance of rural
cultural beliefs about family, community, and work in shaping students' career paths [5-7]. Rural
schools are also often smaller and lack the resources necessary to provide the rigorous math and
science curriculum needed to help prepare students to be competitive applicants and enter
college engineering programs. Such resource challenges are compounded by geographic ones,
particularly in Appalachia; rural schools in southwestern Virginia, for example, typically serve
widely dispersed populations, with students easily living 30-60 minutes or more from the school
on roads that wind through mountainous landscapes, making access to after-school and weekend
activities more difficult for students, parents, and community members.

Given such factors, work by Carrico, Matusovich, Boynton, and Paretti explored engineering
career choice among rural high schools in the Appalachian regions of Virginia and Tennessee
[8-13]. This work found that students’ pathways to a career choice were heavily influenced by
the people and values of the local community; family, teachers, and friends, in particular, often
played a key role in exposing students to engineering majors and careers related to their general
interest in engineering or related fields (e.g., math, physics) [10, 13]. Of particular concern here
are the experiences of girls in these communities. Studies on rural populations where exposure to
multiple careers is limited indicate that participants often have very limited conceptions
regarding their potential futures (including possible future careers) [9, 14, 15]. Research on
gender and career choice in particular found that rural adolescent girls envisioned their futures
largely in terms of personal attributes (e.g., home, family) but could say little about future goals
or expectations around higher education or potential careers [14].

The economics of the study region highlight the high stakes these rural communities face as they
prepare students to make career choices because those choices impact the sustainability of the
community itself. Discussions with regional companies highlight gaps in their ability to hire and
retain qualified engineering professionals, while business incubators such as Virginina Tech’s
Corporate Research Center are increasing regional opportunities for innovation and
entrepreneurship. Such conditions echo published state and regional reports and commentaries
(e.g., [16-18]) and point to the need to help diversify students’ opportunities, while the absence
of students from these communities in our classrooms points to the need to broaden participation
from these underserved areas.

This project focuses on influential individuals (e.g. teachers, guidance counselors, local
engineers, community leaders) within rural communities to identify community resources that
serve as key supports (e.g., available employment, civic programs) to engineering as a career



choice for rural students, as well as barriers that hinder support and strategies for addressing
those barriers. Specifically, the aim of this study was to address the following research questions:

RQ1. How do community members describe the resources that serve as key supports as well as
the barriers that hinder support in their community?

RQ2. What strategies do community members perceive their community should implement to
enhance their ability to support engineering as a potential career choice?

Theoretical Framework

To frame our study, we draw on Perna’s conceptual model of student college choice [21],
illustrated in Figure 1. Perna’s model incorporates the rational model of human capital
investment, which assumes that an individual chooses to invest in higher education based on
their comparison of the expected benefits and costs. Human capital theory also suggests that the
cost benefit analysis is influenced by the students’ academic preparation for college and
availability of resources to cover the costs. This approach offers a framework for understanding
decision making but has limited usefulness for understanding sources of differences in college
choice across groups, primarily because it does not consider the nature of information that is
available to individuals. To address this shortcoming, Perna’s model draws on sociological
approaches and nests human capital investment model within four layers of context: (1) the
individual’s habitus, (2) the school and community context, (3) higher education context, and (4)
the social, economic, and policy context.

Layer 4: Social, Economic, and Policy Context ——
Demographic characteristics

Economic characteristics

Public policy characteristics

Layer 3: Higher Education Context ———
Marketing and recruitment

Location

Institutional characteristics

Layer 2: School and Community Context
Available resources
Structural supports and barriers
Orientation toward college

Layer 1: Habitus
Demographic characteristics
Cultural capital
Social capital

The Human Capital Investment Model

1 1
1 1
1 1
1 1
1 1
| Academic preparation and Expected lifetime benefits !
! o . S | College | |
1 | availability of resources to |—» Vvs. costs of investing in a > X '
E pay the costs of attendance college education Choice |

1
1 1

Figure 1. Perna’s Conceptual Model of Student College Choice [21]



Habitus, the innermost layer of Perna’s model, refers to the internal system values and beliefs
acquired from one’s immediate environment that guides future behaviors and choices [22].
Through everyday experiences, perceptions of what is right and appropriate are internalized,
ultimately defining what is achievable for an individual and bounding their college-related
expectations and aspirations. The habitus layer incorporates students’ demographic
characteristics, cultural capital, and social capital. The next layer, the school and community
context, follows McDonough’s [23] concept of “organizational habitus” and recognizes the
school and/or community’s impact on students’ belief system and behavior, including
college-going.

The third layer of context considers the ways in which higher education institutions influence
student college choice. Influential factors associated with higher education institutions include
the passive transmission of information based on their proximity to students, active transmission
of information as a result of their marketing and recruitment efforts, institutional characteristics,
and their ability to select which applicants may enroll. Prospective students use this information
to determine the personal fit and their chances of admission and self-select institutions they
believe meet their needs [24]. Lastly, the outermost layer recognizes the ways in which the
social, economic, and policy context shapes student college choice through changes in social
forces, economic conditions, and public policies. Potential factors include demographic
characteristics of the population, characteristics of the local labor market, K-12 educational
policies, and policies that improve college access [25].

Methods

The study presented here is the second phase of a three-phase project exploring engineering
career choice among rural students. Phase 1 focused on undergraduate engineering students at
Virginia Tech who graduated from targeted rural high schools and aimed to identify key
influences on their decision to attend college and major in engineering. Based on findings from
Phase 1, we selected three rural communities to explore further. Because most counties in the
study region contain only one or two high schools, we considered each county as a separate
community and chose the counties where we interviewed multiple students who provided
concrete supports and barriers within their communities. We conducted a single-case study with
the three communities as embedded units of analysis [26]. Within each embedded unit, we
identified and interviewed key individuals from the students’ high schools and the surrounding
community (e.g. teachers, guidance counselors, community leaders, local engineers) to better
understand how rural communities support college enrollment and engineering as a major
choice, as well as identify barriers that hinder support and strategies that would enhance their
ability to support engineering as a potential career choice.



CONTEXT: SOUTHWEST REGION OF VIRGINIA

________________________________________________________________________________

Case: Supports and barriers to college enrollment
and choosing engineering majors for rural students

of Analysis 1: of Analysis 2: of Analysis 3:
Community 1 Community 2 Community 3

Embedded Unit Embedded Unit Embedded Unit

Figure 2: Single-case embedded design

Participants and Data Collection

Based on the findings from Phase 1, we developed an interview protocol and used snowball
sampling to reach out to community members and organizations that emerged as salient in
students’ experiences. In addition, in each community the high school principal, guidance
counselors, teachers, personnel from other local education institutions (e.g., Governor’s schools,
career and technical schools, community colleges), the director of education, relevant members
of town government (e.g., chamber of commerce head, cooperative extension agent), and local
engineers were recruited to participate in interviews.

We conducted semi-structured individual interviews with fourteen community members, five
from community 1, four from community 2, and five from community 3. The participants were
associated with public high schools, Governor’s schools, community colleges, technical
education centers, Virginia Cooperative Extension, and the chamber of commerce. The
interviews lasted approximately 40-60 minutes and aimed to understand (1) opportunities or
experiences in their community that help students explore options after high school and
engineering specifically, (2) barriers that might prevent students in their community from going
to college and/or choosing engineering majors, and (3) how Virginia Tech can be a better partner
and a better land-grant institution. For example, participants were asked “Thinking specifically
about students’ plans after high school, what kinds of opportunities or experiences are you aware
of that would help students explore options for after high school?”” Follow-up questions here
explored the opportunities and resources that would help students consider engineering as a
career specifically. In addition, interviews with individuals that students identified as influential
in Phase 1 were tailored based on students’ experiences with that person or program to help us
understand the beliefs, perceptions, and experiences that framed the participants’ support of the
student. The interview question “Students from this area have talked about X [based on interview
data - e.g. high school teachers, 4H, community college] as a key support for their choice of
engineering. Why do you think X has been so supportive?” yielded this information.

Data Analysis



The interview transcripts were analyzed following the practices outlined in Miles, Huberman,
and Saldafa [27], beginning with a priori coding guided by the Perna’s model and our research
questions, but allowing other descriptive codes to emerge from the data. Samples of provisional
codes include “supports for engineering majors” and “barriers to accessing higher education.”
The data was analyzed first within the case and then across embedded units [27], with each
community as an embedded unit of analysis, as noted above. All 14 interview transcripts were
coded using the qualitative data analysis software Dedoose. Coding sought to identify
community resources that serve as key supports (e.g., available employment, civic programs) as
well as barriers that hinder support and strategies for addressing those barriers.

Results

The participants discussed several supports available in their communities that help students
explore options for after high school and assist with college-related processes, including dual
enrollment courses, career fairs, assistance with FASFA forms, STEM activities (robotics club,
STEM camps, etc.), and career coaches. Several participants also discussed the impact of The
Reality Store, an interactive education experience in household money management typically run
by the school or Virginia Cooperative Extension. Students select an occupation they think they
would like to have as an adult and are given a salary based on that occupation that they will need
to spend on the necessities and luxuries they envision as part of their lives. They visit booths
representing the housing industry, utilities, grocery stores, clothing stores, financial institutions,
health insurance/medical care, etc. The goal of this experience is to help students understand
whether their selected occupation will provide the financial resources needed to provide the type
of lifestyle they want. Lastly, students considering attending a two-year institution prior to
enrolling at a four-year university benefit from the community college access programs and
guaranteed admissions agreements between community colleges and four-year universities.

Key barriers to higher education and choosing engineering majors faced by rural students from
these communities include limited access to advanced coursework, low high school graduation
rates, concerns about the cost of higher education, and lack of exposure to career options,
particularly in engineering. Consistent with previous research, the desire of rural youth to
maintain their connections with their family, community, and rural lifestyle can also act as a
barrier and lead them to choose local educational and career options rather than leaving the
community. In addition, guidance counselors in rural high schools are overloaded with work and
do not have the time or resources to assist students with college-related processes. The Virginia
Community College System (VCCS) implemented career coaches in Virginia high schools to
alleviate this problem. Career coaches are community college employees who are based in local
high schools and assist high school students in defining their career aspirations and identifying
the postsecondary programs that align with their educational and financial goals.

One key part of the interview aimed to identify ways that Virginia Tech can support rural
communities. Most participants suggested that Virginia Tech increase their presence in rural
communities and their interactions with rural students to help lower the barriers and become a
better partner and land-grant institution. Some of these participants believed that exposure to



university information (majors and opportunities available), and engineering fields specially,
would better ensure that rural students are able to make informed choices about postsecondary
education and engineering as a potential career choice. For example, one community college
faculty member suggested that Virginia Tech develop and share well-researched activities that
they can use for outreach with local students to teach them about opportunities in engineering.
As shown in the following quote, they believed these activities should be designed for students
throughout their K-12 education career.

“What I would like to see from Virginia Tech, what I think could really change things is a
set of activities that they could, then, hand off to me and say, "You or some of your
students, go into these schools and do this activity, and that will teach these students
about opportunities in engineering." That's really what could change things, but it can't be
just the high school level, and it can't just be middle. You've got to hit them like two,
three, four, five times during their school career. So, here's an activity for second graders.
Here's one for fourth graders. Here's one for seventh graders or something. It's not just for
southwest Virginia. I mean, that's good for the commonwealth. I think that could do some
really good things.”

Other community members were concerned about rural students transition to Virginia Tech and
meeting the needs of nontraditional students. For example, several community members believed
that Virginia Tech should partner with local higher education centers or community colleges to
create two-year or four-year degree programs associated with Virginia Tech that students could
complete locally. This would benefit nontraditional students who need to stay in their local
community and motivate community college students to engage in their coursework. Another
community college faculty member shared their concern about how nontraditional students
would transition to a larger four-year university:

“The students at the community college level, for a lot of them, school is not their life.
It's just one piece of the rest of their life, and the rest of their life has a lot going on. And
I've thought about it, what happens when they do get to Virginia Tech, where the
expectation is a lot more rigid, and if you miss class or if something happens, and I'm
sure it's different professor to professor, but it seems a lot less forgiving for those kind of
life circumstances, at least for undergraduate students.”

At an institution with smaller class sizes, they are able to work with these nontraditional students
(i.e., students with a family, working students) to ensure they can progress through their degree
program. They suggested that Virginia Tech work with transfer students to ensure they have a
smooth transition and are successful in their programs at Virginia Tech. Lastly, a community
member who served on the Industrial Development Authority believed that Virginia Tech should
increase their presence in the community and use their relationships with partners in industry to
encourage more companies to move to the area and increase job opportunities.

Conclusions



This study explored the perspectives of key individuals in rural communities on the resources
that serve as supports for students and the barriers they may face to enrolling in higher education
and choosing engineering majors. The supports and barriers were primarily related to academic
preparation for college, cultural beliefs, and exposure to potential careers, particularly in STEM
fields. Past research has documented the significant influence of academic preparation on student
outcomes and that rural students often lack access to rigorous courses [28, 29, 30]. Community
members identified Governor’s Schools as a key support to address this barrier. The Virginia
Governor's School Program was designed to assist school divisions with the need to provide a
rigorous curriculum to the population of high-achieving students. The Governor’s School
provides these students with academic opportunities beyond what is offered in their home
schools. However, students must be accepted into the program to gain access to these courses.
Our study indicates that this resource may not be addressing the issue for all students. In
addition, dual enrollment courses were identified as a significant support for students. Consistent
with past research, our findings suggest that increasing student access to dual enrollment courses
may help to better prepare rural students for college [31, 32].

The influence of rural students' cultural beliefs and the lack of exposure to STEM fields has also
been documented in the literature [29, 33, 34]. However, one significant contribution of this
study was reaching the community members often overlooked when studying rural students’
college and major choice. They were able to provide us with their perceptions of supports and
barriers, as well as concrete recommendations for addressing the barriers. Consistent with past
research, our data suggest that we should consider students’ interest in engineering fields and
their exposure to related careers by incorporating engineering activities into their K-12 education
and using interventions outside the classroom to teach students about engineering (e.g.,
community events, camps). However, community members recommend relating these activities
to local values and involving Virginia Tech in these interventions. Thus, interventions should
expose students to engineering in ways consistent with their family values and desire to remain
local (e.g., involving local engineers, focus on agriculture), as well as exposing them to
individuals within colleges and universities. In addition, our findings identified key partnerships
with both local community colleges and with organizations such as 4H programs that could
provide important local support for students. In the final phase of our study, we plan to share this
information through participatory design workshops with key groups of community members
who work with rural students.
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