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An Exploration of Students’ Interests in Pursuing Careers in Environmental Sustainability
Tina Marie Griesinger

ABSTRACT

Although more people are transitioning into environmental sustainability careers, there is still a
demand. This presents an opportunity for undergraduate engineering students to satisfy the demand
for environmental sustainability professionals. The purpose of this qualitative exploratory study was
to explore environmental sustainability learning experiences, from small in-class experiences to
internships, and future career choices. By utilizing the social cognitive theory (SCCT) as a
theoretical lens, this study explored participants’ environmental sustainability interests, learning
experiences related to environmental sustainability and their interest in pursuing a future career in
environmental sustainability. This research addresses a gap in the existing literature by exploring
how undergraduate engineering students' environmental sustainability learning experiences impact
their decisions to pursue careers in this field, framed by the SCCT. The perspectives of twenty-five
undergraduate engineering students in various engineering disciplines at Virginia Tech, an R1
public university in Blacksburg, Virginia. The participants were enrolled in ENGR3124,
Introduction to Green Engineering, during the Fall 2022 semester and were interviewed for the
study. Semi-structured online interviews were conducted via Zoom, allowing students to provide
detailed information about their learning experiences and future career plans. Data was analyzed to
(1) identify students’ interest in pursuing a career in environmental sustainability (2) determine if
students’ interests have changed since they began their undergraduate studies (3) explore how
learning experiences have impacted the students’ future career choice. The findings discover that
exposure to environmental sustainability learning experiences plays a meaningful role in impacting
students' interests in pursuing careers in sustainability. Results reveal that factors such as personal
values and salary considerations inspire career choices. Outcomes from this research suggest that
promoting a connection between engineering education and environmental sustainability can inspire
future engineers to actively pursue environmental sustainability careers and find solutions to
sustainability issues. This underscores the significance of integrating sustainability experiences,
such as a current events discussion in class or projects with an environmental sustainability element,
into undergraduate engineering education. This research contributes to addressing the growing
demand for people to address environmental sustainability issues, highlighting the role of learning
experiences in shaping students' career interests. Further research in this area will be necessary for
further developing strategies to encourage students to pursue sustainability-related careers and
contribute to environmental sustainability initiatives.
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An Exploration of Students’ Interests in Pursuing Careers in Environmental Sustainability
Tina Marie Griesinger
GENERAL AUDIENCE ABSTRACT

Experts are transitioning into environmental sustainability careers, though a gap exists between
supply and demand. This presents an opportunity for undergraduate engineering students to fulfill
the demand as environmental sustainability professionals. This qualitative exploratory study
investigated environmental sustainability learning experiences and future career interests in
environmental sustainability. The social cognitive theory (SCCT) was utilized as a theoretical lens,
exploring participants’ environmental sustainability interests, associated learning experiences and
their interest in pursuing a future career in environmental sustainability. Twenty-five undergraduate
engineering students in various engineering disciplines were interviewed for this study. Data was
analyzed to (1) identify students’ interest in pursuing a career in environmental sustainability (2)
determine if students’ interests have changed since they began their undergraduate studies (3)
discover how learning experiences have impacted the students’ future career choice. The findings
conclude that exposure to environmental sustainability learning experiences is impactful and plays
an important role, impacting students' interests in pursuing careers in sustainability. Results unveil
that elements such as personal beliefs and salary considerations inspire career choices. This research
contributes to addressing the demand for people to tackle environmental sustainability issues,
emphasizing the role of learning experiences in shaping students' career interests.
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CHAPTER ONE — INTRODUCTION
1.1  INTRODUCTION

We need to focus on environmental sustainability. From an increased shift in weather
patterns to a rise in sea levels and damaging floods, changing climate impacts are extreme and
unparalleled (Apollo et al., 2021). An unrelenting crisis is here. “Code Red for Humanity” is
how our climate crisis was defined by UN Secretary-General Antonio Guterres in a recent UN
report on the environmental danger issued in August 2021 (Roscini, 2021). This report
represented years of research and was authored by more than 200 scientists from over 60
countries, citing more than 14,000 individual studies. The human element of climate change is
affecting future generations and is a persistent issue facing the world (Cook et al., 2013; National
Research Council, 2010; Stocker et al., 2013). Many emissions from greenhouse gases
contributing to climate issues are from residential and commercial buildings (Satterthwaite,
2008). Transportation contributes to approximately 30 percent of greenhouse gas emissions (US
EPA, 2015). Climate change has already impacted water provisions and global food production,
an increase in sea level, and a decrease of the pH value of the oceans (Johnson et al., 2021; Karl,
2009; Mendenhall, 2020). Even though humans may be exacerbating climate change, they also

have the potential for mitigation.

There was a warning in the past, “if the present growth trends in world population,
industrialization, pollution, food production, and resource depletion continue unchanged, the
limits to growth on this planet will be reached sometime within the next one-hundred years”
(Meadows et al., 1972, p. 23). Then an additional warning was issued indicating concerns that
limits continue to be exceeded (Meadows et al., 2004). Fast global changes are increasing the

demand for multiple resources, while short-term management poses risks to the sustainability of



both societies and ecosystems (van Ruijven et al., 2019). As shown in figure 1, there are several
sustainable development initiatives and mitigation efforts, as defined by the United Nations
sustainable development goals (United Nations, n.d.) which can be considered when thinking
about sustainability (Liu, 2016). Each initiative or mitigation effort may contribute to sustainable
development by meeting current resource needs without disturbing resources for generations in

the future to also meet their own resource needs (White, 2013; Little, 2014).
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Figure 1: UN Sustainable Development Goals, image adopted from
https://www.un.org/en/sustainable-development-goals.

In addition, the intergovernmental panel on climate change (IPCC) recently released their
2022 report indicating that significant climate-related changes have evolved since the publication
of the IPCC’s 2014 Fifth Assessment Report (ARS), and as projected, numerous changes to the
climate are more noticeable, including ice volume loss, an increase in global temperatures, rising

sea levels and changes in rain patterns (IPCC, 2022). The UN members adopted the 2030



Agenda for Sustainable Development’s 17 Sustainable Development Goals (SDGs), to structure
policies for achieving a more sustainable future (Transforming Our World: The 2030 Agenda for
Sustainable Development | Department of Economic and Social Affairs, n.d.). Multiple disasters
have disrupted social, environmental, and economic aspects of sustainable development, and this
continues to happen quicker and more unpredictably than imagined (Food and Agriculture
Organization of the United Nations, 2021). When considering equitable governance and
sustainable development goals, wealth and opportunity should be equitable for all (Biermann et
al., n.d.). Goals should be developed that target inequities, but a focus on economic inequality
could also be beneficial. (Doyle et.al, 2014). Community efforts toward resource conservation
may be difficult to achieve if economic or social inequities exist (Baland et al., 2018). Previous
research has revealed that wealthier social groups are sometimes responsible for greater
emissions than poorer groups, and in some cases, greenhouse gas emissions increase as income
increases (Grigoryev et al., 2020). Low levels of consumption in disadvantaged areas may have a
minimal impact on increased emissions.

To address sustainable development goals, contextual competence can be valuable.
Engineering educators and practitioners tend to value contextual competence, which can be described
as “an astute action to plan, resource, execute and achieve desirable results, requiring action
learning, innovative thinking, and the ability to take agile action” (Motamedi, 2018, p.26). For
instance, for the sustainable development goals voiced by the UN, engineering and technologies
can make an important contribution to the future of the world (UNESCO, 2017) in multiple areas
including poverty, hunger, health, water and sanitation, energy, employment and economic
growth, industry, innovation and infrastructure, sustainable cities and communities, responsible

production and consumption, climate action and life under water and on land (Hadgraft &



Kolmos, 2020). The ability to plan, resource and execute exercised by engineers may be one way
to accomplish some of the SDG’s articulated by the UN.

As expressed by the U.S. National Academy of Engineering (NAE), “the Earth is a planet
of finite resources, and its growing population currently consumes them at a rate that cannot be
sustained” (Grand Challenges - Introduction to the Grand Challenges for Engineering, n.d.).
Forewarnings have emphasized that there is a need for development of alternative energy
sources, while also focusing on preventing and reversing additional environment deterioration.
Engineers can seek ways to put their expertise into practice to meet these grand challenges for a
better future.

Engineering is important for humanitarian improvements, and engineering education can
prepare undergraduates to respond to environmental sustainability issues. Projects involving
development in environmental sustainability areas outside of the university through engineering
projects provide a foundation for additional development within the community (Schismenos et
al., 2021). For example, marginalized communities in the world lack safe drinking water, with
some studies estimating that over one billion people do not have safe drinking water accessibility
(Ali et al., 2009). Following this sustainable development challenge, an example of an embedded
environmental sustainability project could be a water treatment company acting as a consultant
for students while they design a water filtration device for safe drinking water. This type of
environmental sustainability learning experience integrated into an undergraduate engineering
course may provoke an interest in environmental sustainability because learning experiences are
contributing factors in career formation (Schaub & Tokar, 2005).

“Students are increasingly keen to engage directly with issues of social and

environmental concern and connect with the world beyond the somewhat artificial atmosphere of



the university” (Sanderson et al., 2021 p.3). There may be opportunities for newly graduated

students that differ from opportunities for those who are already working in their professions.

The current “climate emergency’ label shows that a shift in views of environmental
sustainability has occurred since the previous future “crisis” label (McHugh et al., 2021). To use
the word emergency, rather than crisis is a strong statement, showing the urgency of this
phenomenon. This current emergency may be the motivation necessary for action and also timely
for future engineers to potentially address environmental sustainability issues throughout their
careers. Researchers in education are sometimes tasked with investigating and questioning
practice. It would be valuable to gain a deeper understanding of the factors associated with
students who want to work on solutions in environmental sustainability. To address our current
climate emergency, we have an opportunity to build on previous research in the area of learning
experiences including interdisciplinary approaches to learning and personality and learning

experiences (Schaub et al., 2005; Oti et al., 2021).

The integration of environmental sustainability learning experiences into engineering
education in undergraduate education should be a priority because climate change is happening
today, and future engineers may be able to solve climate related issues. The premise is that
greater exposure to environmental sustainability learning experiences in undergraduate
engineering education could help increase the number of future engineers who have a career
interest in tackling environmental sustainability initiatives such as those outlined by the 2030
Sustainable Development Goals. These newly graduated engineers may help to close the gap of
increased need to fill new environmental sustainability related career vacancies. Green jobs

include positions that work to produce less effect on the environment or work to conserve natural



resources. LinkedIn identified four different shades of green jobs after exploring 15,000 jobs
found on the LinkedIn platform: green, greening, greening potential and not green (Global Green
Skills Report 2022, n.d., p. 6):

Green jobs are defined as “those that cannot be performed without extensive knowledge

of green skills, or the skills that enable the environmental sustainability of economic

activities.” Greening jobs are further defined as “those that could be performed without
green skills, but typically require at least several green skills.” Greening potential are

“jobs that could be performed without green skills, though typically require at least one

green skill.” Not green jobs are “jobs that currently don’t require any green skills.” By

these definitions for example, a civil engineering position would be classified as a

greening job (Global Green Skills Report 2022, n.d., p. 6).

The 2022 LinkedIn Global Green Skills report recently conveyed that the supply of
people with the required green skills currently meets the demand for green jobs requiring these
skills. But based on LinkedIn forecasts, in five years, it is projected that demand will exceed
supply, creating a crucial need for our workforce to improve green skills (Global Green Skills
Report, 2022). Although more workers are transitioning into green and greening jobs than are
leaving, not enough people are making the transition. This is an opportunity for current
undergraduate engineering students to fill the projected demand by pursuing careers in
environmental sustainability.

Addressing this demand, this study explores how students view their environmental
sustainability learning experiences in undergraduate engineering education and how they choose
their planned future career paths. The social cognitive career theory framework will guide this
exploratory qualitative study. This study helps us understand if environmental sustainability
learning experiences in undergraduate engineering education encourage students’ interests in

pursuing careers in environmental sustainability, by gaining insight from student experiences

through interviews.



The setting for this research took place at Virginia Tech, an R1 public university in
Blacksburg, Virginia. Recruitment began with a pre-screening email sent to each undergraduate
engineering student enrolled in ENGR3124, Introduction to Green Engineering, during the Fall
2022 semester. Semi-structured online interviews followed through the Zoom platform. A pilot
interview with a green engineering minor student was completed prior to this screening to ensure
that the interview questions were eliciting data that could answer my research questions. The
green engineering minor at Virginia Tech is offered through the College of Engineering across
all disciplines and focuses on the effects of climate change on the environment through the
lifecycle of design, manufacturing, product use, processes, and systems (Virginia Tech, Green
Engineering, 2022).

The semi-structured interviews from this qualitative study allowed the students to provide
detailed information about their learning experiences and their future career plans. Follow-on
questioning, or probing questions allowed time for processing what the interviewee said and
probed more deeply into their response if necessary (Creswell, 2007).

My research contributes to previous research in an environmental sustainability context,
exploring environmental sustainability learning experiences in undergraduate engineering
education and students’ choices to pursue careers in environmental sustainability. Although
research has been done in the area of environmental sustainability learning experiences for pre-
college students and environmental sustainability careers in general (Medugorac et al., 2019),
there is room to further explore undergraduate engineering students’ environmental
sustainability learning experiences and their choices to pursue a career in environmental

sustainability.



1.2 PROBLEM STATEMENT

People are needed to address environmental sustainability issues. Environmental
sustainability training and skill development for existing professions, along with creation of new
jobs in areas such as renewable energy and green construction for example, would be beneficial
to fill future environmental sustainability positions (Dierdorf et al., 2009). However, career
interests in these areas may not be obvious to undergraduate engineering students unless
exposure opportunities are provided. For instance, an introduction to engineering course could
utilize a wind project when teaching engineering design. For example, a waste reduction element
could be added to this project by considering how to best approach any waste during production
and a recycling plan for components when the product reaches its lifespan. Moreover, as part of
the effort to recruit more engineers in addition to understanding the role of learning experiences
in environmental sustainability career choices, it may be advantageous to investigate what
motivates engineering students to pursue future careers in these areas of sustainability more
generally. Exposing all engineering students to sustainable experiences during their
undergraduate studies may widen the candidate pool and fill future environmental
sustainability openings.

Future engineers who are exposed to environmental sustainability issues such as global
warming during their education may be more likely to want to work in environmental
sustainability positions and tackle these types of issues in their future careers (Klotz et al., 2014;
Shealy et al., 2015). How educators expose undergraduate engineering students to problems
related to environmental sustainability may influence what technical or social aspects they want
to address in their future careers. In this way, it is important to consider how students enrolled in

undergraduate engineering education may have the desire to tackle some of our global
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challenges. Although these global crises present numerous challenges for reducing poverty and
disparities, the higher education sector may provide an opportunity for future engineers to
mitigate environmental sustainability issues through knowledge and skill acquisitions (Apollo &
Mbabh, 2021). Exposure to environmental sustainability in engineering education will provide
students with knowledge that may spark career interests in environmental sustainability and may
also create personal awareness for climate related issues.

Engineering students are trained to be problem solvers in their undergraduate studies. If
we empower these students as change agents, some may choose the career path to be contributors
of climate solutions. Students may gain the desire to tackle some of the United Nations
Sustainable Development global challenges (Zarestky, et al., 2017). Some students may actively
seek to create environmental sustainability solutions or others may modify their behaviors to

avoid making the problem worse.

1.3 RESEARCH PURPOSE

The main purpose of this study is to explore the types of environmental sustainability
learning experiences that undergraduate engineering students at Virginia Tech, have in their
engineering education and how interested they are in pursuing environmental sustainability
careers. Learning experiences offered by educators provide opportunities for students to explore
and discover future career interests. As the recent LinkedIn Global Green Skills report indicated,
the green economy needs to grow faster. Hiring in the area of green jobs area was under 1% in 2021
and the demand may outnumber the supply in the future (currently, the demand for green jobs in
general matches the supply of people with those skills) (Kimbrough, 2022). Forecasts show
that in just five years, demand may exceed supply, which means there is a pressing need for our

workforce to acquire green skills in general (Kimbrough, 2022). Green proficiencies, in terms of

11



environmental sustainability, are the skills and abilities necessary to develop and support efforts
that reduce the effect of human activities on the environment so that we can preserve the earth
for the needs of future generations (Nurdiansyah et al., 2019). For instance, renewable energy
skills, expertise in energy that is derived from natural processes and energy efficiency skills, or
the ability to deliver more services for the same energy input, or the same services for less
energy input (UNESCO-UNEVOC, 2020), may be some of the green skills that are integrated in
courses for electrical or mechanical engineering students, covering these concepts in course
projects. Engineering students may need these abilities to develop affordable and more
environmentally friendly energy sources and become leaders in optimal energy consumption.
These green skills are synonymous with the needs and trend of the green industry that is leaning

towards greener social, economic, and environmental development (Kamis et al., 2016).

This exploratory study aimed to understand how students may choose to pursue future
environmental sustainability careers through a focus on the learning experience construct of the
social cognitive career theory (SCCT). Learning experiences in this framework are presumed to
influence some of the other constructs in the framework. Specifically, in the SCCT, relationships
between career interests, self-efficacy beliefs and outcome expectations each begin with learning
experiences. Career interests are said to form in areas based on a person’s view of their own
competence, consisting of self-efficacy and outcome expectations. Self-efficacy is defined as
“people’s judgment of their capabilities to organize and execute courses of action required to
attain designated types of performances” (Bandura, 1986, p.391), and it is related to the
perception of having the power to produce desired results based on actions (Artino, 2012).
Outcome expectations can be described as a person’s belief that they can accomplish their career

goals if they choose a particular career path (Lent & Brown, 2006). Although similar in
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definition, self-efficacy is independent of outcome expectations, though self-efficacy may be

influenced by expected outcomes (Williams, 2010).

Finally, the constructs related to person inputs include background and demographic
information. Each of these constructs — person inputs, self-efficacy, and outcome expectations
— played roles in this research because they also relate to the learning experience construct,
even though this research primarily focuses on student learning experiences and career interests.
Although the interview protocol used for data collection in this study was designed to gain a
deeper understanding about connections between learning experiences and career interests, the
protocol also included questions related to self-efficacy, outcome expectations and person inputs.

Academic learning experiences have been found to be particularly important to career
decisions (Kyoung et al., 2017) as also suggested by SCCT. In addition to collegiate academic
experiences, extracurricular experiential opportunities such as internships, research, service, and
study abroad can all impact student career aspirations and decisions (Brown et al., 2004).
Experiences that students find especially significant to their career decisions are those that
provide new perspectives, promote reflection, or provide challenge and applicability (Brown et
al., 2004). Impactful undergraduate learning experiences which can occur in undergraduate
engineering education, such as an environmental sustainability related project, may lead to long-
term career choices, which may lead to more experts in the field who will contribute to
environmental sustainability problem solving. In this study, I address this research gap pertaining
to connections among undergraduate student learning experiences and their interests in
sustainability careers.

In the context for this research, a student learning experience, integrated with an

environmental sustainability element, is defined as a learning experience which includes an
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element of environmental sustainability experienced by an undergraduate engineering student.
This learning experience could occur in a course or outside of the classroom, such as in a
service-learning setting. This may be an interdisciplinary group working on a project with an
environmental sustainability segment or environmental sustainability could be the focus of the
project or assignment. Learning experiences are important because students may develop an
interest in an environmental sustainability career because of these experiences (Schaub & Tokar,
2005). This study is significant because the findings will contribute to understanding how we can

educate students who are interested in pursuing environmental sustainability careers.
1.3.1 RESEARCH QUESTIONS

Environmental sustainability career choices are investigated with this exploratory study,
concentrating on the learning experience construct of the SCCT. Table 1 describes how each
research question has determined the course of action of this study, outlining the data collection

strategy, data analysis strategy, and the outcomes expected from each of the research questions.

Table 1
Research Questions

Overarching research question: How is exposure to environmental sustainability learning
experiences in undergraduate engineering courses associated with an interest in pursuing
careers in areas of sustainability?

Research Question Data Collection | Data Analysis Outcome Expectation
RQ1: What kind of Interview data Thematic analysis | Identify themes or
interests do green collected from patterns that describe
engineering students students students’ interests in
have regarding pursuing environmental
careers in sustainability careers
environmental

sustainability?
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RQ2: How has an Interview data Thematic analysis | Identify themes or
interest in collected from patterns of changes
environmental students related to interest
sustainability careers changes in

changed during environmental
undergraduate sustainability
engineering degree

programs?

RQ3: How have Interview data Thematic analysis | Identify themes or
environmental collected from patterns associated
sustainability learning students with intended career
experiences in choices
undergraduate studies

impacted green

engineering students’

intended career

choices?

1.4  SCOPE OF THE STUDY

For this qualitative exploratory study, undergraduate students studying engineering and
minoring in green engineering at Virginia Tech, an R1 large public university, were recruited for
online semi-structured interviews. The student perspective provided valuable insight into how
they may develop an interest in environmental sustainability careers. The goal was for the
qualitative data to explore whether sustainability learning experiences are associated with interests in

pursuing careers in sustainability.

1.4.1 DESCRIPTION OF STUDY SAMPLE

Recruitment for interviews used purposive sampling which is an intentional form of
sampling often used in qualitative research that permits the researcher to identify specific groups

to work with (Creswell, 2018). Prior to recruitment, a pilot interview was conducted with a green
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engineering minor student to ensure that the interview protocol was designed to collect the data
necessary to answer my research questions. Twenty-five participants were then recruited for
semi-structured interviews through a pre-screening email that was sent to students enrolled in the
green engineering minor at Virginia Tech and who had also completed 6 semesters in their
undergraduate engineering program. Each student was also enrolled in ENGR3124, Introduction
to Green Engineering during the Fall 2023 semester. Although the original intent was to
interview students with 6 semesters of experience to allow for multiple learning experiences,
some students ultimately in the sample had less than 6 semesters. The number of participants
needed ultimately depended on how many interviews were required to fully inform the elements
of the phenomenon. Sample size was satisfactory when additional interviews did not result in the
discovery of new ideas (Creswell, 2018). All twenty-five participants were interviewed for this
study. Interviews were recorded through otter.ai for transcription. These transcripts were then
uploaded to dedoose and coded. Analysis ran concurrently with data collection in iterative
cycles. A codebook was created, and similar codes were grouped together. Themes were

identified for results.

1.5 STAKEHOLDERS’ INTEREST

Multiple stakeholders would benefit from this study, including engineering faculty,

engineering students, educational researchers, and society at large.

1.5.1 ENGINEERING FACULTY

Findings from this qualitative study will perhaps motivate faculty to offer additional
environmental sustainability learning opportunities or embed environmental sustainability in the

curriculum in their undergraduate engineering courses (Beier et al., 2019). Faculty may
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recognize that students do have an interest in environmental sustainability and with
undergraduate exposure, students may choose to utilize their engineering degrees and pursue
careers tackling environmental sustainability issues. As with climate change solutions, this may
take time. Faculty who are passionate about environmental sustainability may be more willing to
implement learning experiences related to environmental sustainability. They may then be able
to share their experiences with others who have not “bought in” to this idea through community

of practice opportunities.

1.5.2 ENGINEERING STUDENTS

As aresult of this research, and if engineering faculty are onboard with environmental
sustainability integration in the curriculum, students may begin to have additional exposure
opportunities to explore environmental sustainability in their undergraduate engineering courses.

This in turn may spark a future career interest in environmental sustainability.

1.5.3 EDUCATIONAL RESEARCHERS

This research posits future studies which could further explore how learning experiences
may influence career choices in environmental sustainability. As more researchers explore new
ways to expose undergraduate engineering students to environmental sustainability, educators
can implement these ideas in their courses, setting the stage for additional research in how
exposure to environmental sustainability may increase interest. In addition, findings from this
research may show that certain learning experiences may provide higher environmental

sustainability exposure than others.

1.6 LIMITATIONS
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Several limitations may have impacted this exploratory study. First, this study is not
designed to support generalization to a larger population, in part due to the non-probability
sampling approach. Green engineering minor students were chosen to best inform this study
because of their familiarity with environmental sustainability.

Second, participant selection bias may surface because students who may volunteer for
this study may have already had an interest in environmental sustainability prior to any learning
experiences in their undergraduate education. I kept this in mind, considering the participants
backgrounds during the interview process. By design, the semi-structured interview questions
probed environmental sustainability experiences to ensure that the data captures whether students
had an interest in environmental sustainability prior to their undergraduate education, or whether
an interest in environmental sustainability developed during their enrollment in their
undergraduate education.

Third, the design of the interview questions must be appropriate for the study. This could
have been a limitation if the semi-structured interview questions were ill-designed and did not
capture the intended answers. To counter this potential limitation, I first piloted my interview
protocol by interviewing a green engineering student prior to full recruitment and relied on my
committee’s expertise by asking for their review and feedback on my protocol prior to
conducting interviews, reinforcing the feasibility of my design.

Finally, volunteer bias may have affected this research. Volunteer bias can impact
research because the findings may not be generalizable. This is because when people volunteer

for a study, they may have different experiences than those who chose not to participate.
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1.7 POSITIONALITY OF THE RESEARCHER

My pragmatic research style informed how I approached this study, and I chose to collect
the type of data that will provide a deep understanding (Creswell, 2018). I used the data from the
pre-screening questions along with the data collected from the semi-structured interviews to best
understand the student’s perspective. I have a personal interest in environmental sustainability,
and I bring an opinion to this research that learning experiences do have an impact on career
choice. I remained mindful of this and continually checked this bias as I collected and analyzed
data. I practiced reflexivity often throughout the interview process and while analyzing the data.
This was done often during the interview process by repeating the responses back to the
participants and asking if I understood correctly, or by asking for clarification. While analyzing
the data, I often paused and reflected on the data to ensure that I was interpreting the data as it

was presented and not how I may have wanted it presented.

1.8  SIGNIFICANCE OF THE STUDY

Exposure to environmental sustainability in engineering education may not always appear
obvious. Environmental sustainability in an interdisciplinary sense, may require more unique
approaches for education and research compared to other established science areas. One potential
way to increase an awareness and increase the role in the classroom for environmental
sustainability in higher education may be to “foster interdisciplinary research and teaching”
(Global Green Skills Report 2022, n.d. p. 6). Higher education has already started to embrace
internal programs that address environmental sustainability efforts such as recycling, water
conservation and renewable energy initiatives within the university (Henderson, 2012). These

internal initiatives may be interpreted as advances to increase environmental sustainability
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awareness in the physical surroundings on campus. There has also been some progress in
education and steps have been taken to incorporate environmental sustainability in different
areas, such as the campus surroundings, however, it is sometimes difficult to include
environmental sustainability in the curriculum due to the lack of flexibility of the university’s
curriculum structure or the lack of time to cover all of the course outcomes (Aginako et al.,
2021).

Several universities have recognized the opportunity to embrace environmental
sustainability initiatives. For instance, exploration of practices in architectural education are
helping to reduce the space between education and work by integrating real world issues in
educational settings so that students have the opportunity for exposure to issues that they may
address in their future careers. (Sanderson et al., 2021). For a second example, the civil and
environmental engineering program at the University of Michigan offers a tailored
environmental sustainability curriculum and immersive environmental sustainability experiences
outside the classroom (University of Michigan, Civil and Environmental Engineering, 2021).

Environmental engineers may already work to develop solutions to environmental
problems, such as waste disposal, recycling improvements and waste and air pollution control.
Architecture is a unique discipline that is widely connected to other subjects, such as civil and
environmental engineering disciplines, providing an opportunity to integrate environmental
sustainability learning experiences for students. A green roof design as a capstone project for
campus building could present a sustainable learning opportunity for students which may trigger
an interest in a future environmental sustainability career. Kent State near Cleveland Ohio won
international recognition for a green roof design. The roof was designed and installed by a team

of graduate architecture students who observed native stormwater and biodiversity benefits (Kent
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State Led Green Roof Project Wins International Recognition | Kent State University, 2020).
These examples show a few ways that environmental sustainability has been implemented in
some engineering disciplines.

When considering electrical engineering as an additional example, it may seem difficult
to incorporate environmental sustainability into integrated electrical engineering labs, though it
may be as easy as including an exercise which asks students to consider how their experiments
could relate to environmental sustainability (Braun, 2010). The inclusion of sustainable
development in engineering education is deemed necessary by some authors because of the role
that engineering, and technology could play while advancing sustainable development (Aginako
et al., 2021). In addition, environmental sustainability integration will enhance awareness and
increase knowledge in this area and may promote career interest. Integrating environmental
sustainability into existing engineering education may also require systemic thinking, adding to
other system thinking opportunities already incorporated in undergraduate engineering
education. A potential project exploring light pollution and how it may connect to carbon dioxide
could expose students to an energy element of environmental sustainability. Capstone projects in
sustainable practices may also promote a deeper understanding of environmental sustainability
and may also increase an interest in an environmental sustainability career (Aginako et al.,
2021).

In computer engineering, software is the structure of many intelligent, and software alone
does not consume energy solutions (Podder et al., 2020). The way software is developed can be
problematic because it utilizes machines to run. Businesses can make software an essential part
of their environmental sustainability efforts by considering energy efficiency and by including

green practices (Braun, 2010). There are oftentimes trade-offs between business and

21



environmental goals, and software engineers for example, can utilize this as an opportunity to
explore where the boundary is. This trade-off could present a learning experience opportunity for
students by incorporating a software energy reduction element to a capstone project. Education is
oftentimes identified as a strategy for facilitating sustainable development. A shift in thinking
and actions can be an appeal to make environmental sustainability a central theme of education

(Crofton, 2000), including engineering majors.

1.9 CHAPTER SUMMARY

The motivation for this study was to explore associations between environmental
sustainability learning experiences and career interests. By focusing on the learning experience
construct, this exploratory study helped determine to what extent exposure to environmental
sustainability learning experiences in undergraduate engineering education may increase an
interest in environmental sustainability careers and students may have an interest in tackling
global environmental sustainability issues in their future careers. This exposure to environmental
sustainability in undergraduate education may in turn contribute to filling future projected career

vacancies while solving some of the world’s environmental sustainability issues.
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CHAPTER TWO — LITERATURE REVIEW

2.1 INTRODUCTION

In the following sections, I review literature mainly in the social cognitive career theory,
learning experiences and career choices. The articles reviewed identified areas that have already
been investigated to help identify the gap that I explore in this dissertation regarding how
exposure to elements of environmental sustainability in undergraduate engineering education
may change students’ interests to pursue a career in environmental sustainability. Earlier
research does exist relative to pre-college students’ environmental sustainability learning
experiences and career choices in environmental sustainability; however, there is comparatively
less work exploring the environmental sustainability learning experiences of undergraduate
engineering students and their choice to pursue careers in an area of environmental sustainability.
This research will contribute to the current literature providing the perspective of undergraduate
engineering students, their environmental sustainability learning experiences, and their intended

career choices in environmental sustainability.

2.2  THE SOCIAL COGNITIVE CAREER THEORY

Derived largely from Albert Bandura's Social Cognitive Theory, the social cognitive
career theory (SCCT) focusses on people's capacity to direct their own vocational behavior
strengthening, weakening, or overriding human agency in career development (Brown & Lent,
2004; Lent, 2005). Given its emphasis on factors that can explain how individuals make career
choices, the SCCT framework will guide this dissertation research. A subset of SCCT constructs,
i.e., learning experiences, self-efficacy, outcome expectations, and person inputs, will primarily

guide this exploration in determining how much of an interest students have in pursuing careers
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in environmental sustainability areas and how much exposure they may have had to
environmental sustainability learning experiences in their undergraduate education. This subset
was chosen because each of these constructs precedes the interests construct in SCCT as shown
in Figure 2. The interrelated nature of each of the constructs in the SCCT framework supports
the development of career interests.

The SCCT aims to explain three aspects of career development: how academic and career
interests develop, how educational and career choices are made, and how academic and career
success is achieved (Lent et al., 1994; Lent, 2005). The SCCT has previously been used to
explore career choices in both higher education and industry settings (Buse, 2009; Byars-
Winston et al., 2010; Fouad & Singh, 2011; Lent et al., 2003; Lent et al., 2005; Lent et al., 2008;
Trenor et al., 2008). For example, SCCT has been used to explore the development of
engineering students’ perspectives about engineering careers and how their views about potential
outcomes may contribute to their career interests based on their cooperative (co-op) learning
experiences (Schar et al, 2017). This revealed that individuals can control their own behavior
while recognizing that personal and environmental influences may also impact their career
development (Lent, et al., 2013).

Existing literature also supports key ideas such as interests and self-efficacy beliefs and
the connections to outcome expectations and career choices (Lent et al., 2002; Park et al., 2018;
Caesarani et al., 2020). In the SCCT framework, relationships between interests, self-efficacy
beliefs and outcome expectations are preceded by learning experiences and person inputs, as
shown in figure 2 below. Self-efficacy, defined by Bandura as “people’s judgment of their
capabilities to organize and execute courses of action required to attain designated types of

performances” (Bandura, 1986, p. 391), is the construct often emphasized in SCCT-based
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research. Self-efficacy is related to the awareness of having the agency to deliver based on one’s
actions (Artino, 2012). The model suggests that self-efficacy promotes promising outcome
expectations, and that self-efficacy and outcome expectations promote career interests
(Medugorac et al., 2019).

Learning experiences as a construct can be defined as a situation presented which is
intended for the student to gain knowledge in a particular context. Some of the original
researchers in this space describe learning experiences as an important construct between person
inputs and career interest and choice (Brown & Lent, 2004). This aligns with utilizing the
learning experience construct as the primary construct for this study while using SCCT as the
theoretical lens, as the theory suggests that learning experiences can contribute to decisions
pertaining to career choices. The self-efficacy construct, outcome expectation construct and
person input constructs are each important to this research because all are factors in the student
career choice goals which lead to career choice actions. For instance, outcome expectations are
the beliefs that people have indicating that they will gain satisfaction if they pursue certain career
paths (Lent & Brown, 2006). Person inputs, such as gender, race, ethnicity, and disability status
are also essential for this research because student attributes may be factors in how a learning
experience may impact the student’s career choice based on their backgrounds and personal
attributes. Learning experiences are especially important in terms of interest formation when
choosing a career along with performance in a career (Schaub & Tokar, 2005).

Learning experiences in undergraduate engineering education can be integrated in many
different ways, though integration in some programs may be easier to achieve than others.
Environmental sustainability projects for example, could be identified as an environmental

sustainability learning experience in an introduction to engineering course, whereas an

25



undergraduate calculus course without a group project may be less of an opportunity to integrate

an environmental sustainability learning experience. I chose the learning experience construct

because undergraduate engineering education provides multiple opportunities that expose

students to different projects and activities which may inspire their future career interests. This is

important because as SCCT supports, learning experiences precede interests, career choice goals

and career choice actions. Educators may have an opportunity to create more exposure to

learning experiences in environmental sustainability which may then lead to additional

consideration of a career in environmental sustainability (Coso et al., 2015).
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Figure 2: Social Cognitive Career Theory (SCCT) construct relationships, Adopted from Lent

In the SCCT, relationships between interests, self-efficacy beliefs and outcome

expectations are each preceded by learning experiences as shown in figure 2 above (Lent et al.,

1994). The relationships between each construct illustrate how learning experiences connect to

each of the other constructs. For example, a student who has been exposed to an environmental

sustainability learning experience and if their self-efficacy is at a level where the student believes
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that they can make a difference in the world may also envision their outcome as a career in

environmental sustainability.

2.3  LEARNING EXPERIENCES

“Engineering programs across the country have been introducing sustainability and
sustainable engineering design into their curricula at an accelerating rate” (Miller et al., p.1,
2017). Development of environmental sustainability curriculum in engineering education can
provide opportunities for students that enrich lifelong learning (Guerra, 2017).

Current faculty members may be able to identify an element in one of their own
undergraduate learning experiences that may have been impactful. According to a qualitative
study by Polmear et al. (2020) when investigating engineering ethics and societal impacts
instruction, many faculty described their own learning experiences as undergraduate and
graduate students, both in curriculum and cocurricular, as impactful on their decision to teach
ethics and societal impacts (Polmear et al., 2020).

Undergraduate students may encounter a similar impactful experience when exposed to
an environmental sustainability learning experience. While assessing sustainability competencies
of secondary school students in grades 5-8, Scharenber et al. (2021) discovered that at a
classroom level, teachers’ attitudes, and professional knowledge of education for sustainable

development (ESD) were predictors of students’ growth.

2.3.1 INTERNSHIPS

Internships are valuable types of learning experiences, providing experiences relevant to
career paths. Learning opportunities in environmental sustainability are important because, as

stated by the British Department of Education and Skills (2007): “Our students won’t just be told
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about sustainable development, they will see and work within it: a living, learning place in which
to explore what a sustainable lifestyle means” (Brundiers et al., 2009, p. 311). Deep learning in
sustainability education means that learners are not being taught what to think but developing
‘the dispositions necessary to act successfully in different contexts’ (Barth and Michelsen, 2013,
p. 111). Integration of real-world learning opportunities into educational programs can allow
faculty the opportunity to focus on deep learning by utilizing project- and problem-based
learning (Barron et al., 1998), service learning (Fourie, 2003), and internships (Linn et al., 2004).
Some learning opportunities may be best in formal educational settings for environmental
sustainability learning due to course objective time constraints, and some opportunities may be
more appropriate for extracurricular activities when addressing some of the major components of
environmental sustainability (Arnima et al., 2009). For example, a wind turbine team
competition over the summer could provide a great environmental sustainability learning
experience as an enhancement to other hands-on environmental sustainability learning

experiences, such as internships.

2.3.2 CLASSROOM BASED

The classroom provides an opportune platform for faculty to introduce environmental
sustainability to students. Faculty have an opportunity to promote student participation in
cocurricular activities (Bielefeldt et al., 2020). “Cocurricular activities contribute to the
collegiate experience of the majority of students” (Bielefeldt et al., p. 2, 2020). Faculty advisors
for the civil engineering students in the Bielefeldt et al. (2020) study indicated that sustainability
was a common topic mentioned when exploring ethics and societal impact topics in cocurricular

activities, ranking second to professional practice issues. Every undergraduate student does not
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participate in cocurricular programs, so integration of topics in the undergraduate curriculum
could assist to reach more students, signaling that integrating sustainability in curriculum may be
beneficial (Guerra, 2019). For example, a campus farm may serve as a sustainability themed
place based experiential learning (PBEL) within curriculum (Williamson et al., 2022). This type
of supplemental learning opportunity could enrich classroom-based instruction, providing

additional environmental sustainability exposure.

2.3.3 CO-CURRICULAR EXPERIENCES

The opportunity for co-curricular experiences is important in undergraduate engineering because
new and unfamiliar experiences may stimulate students’ reflection on and appreciation of different
approaches to engineering problems (Lattuca et al., 2017). For instance, multidisciplinary
teamwork, or teams formed from different disciplines, is emphasized in engineering. It is also
presented as an accreditation element relating to multidisciplinary and interdisciplinary learning
(Lattuca et al., 2017). Cross-disciplinary or thinking and working across different perspectives
(Adams et al., 2009) and inter-disciplinary, or across disciplines, approaches also build a setting
for academics from other backgrounds and contexts to learn from each other (Sanderson et al.,
2021). Environmental sustainability can be introduced in multidisciplinary, cross-disciplinary,
and interdisciplinary platforms.

The types of environmental sustainability challenges that we seek to solve can be
extraordinarily complicated, and it is most likely to take more than a group of engineers around a
table to understand and solve all of them (Mehta, 2016). Innovation may happen best at the
junction of concepts, disciplines, and epistemologies, along with the convergence of cultures and
countries, learning, research, engagement, and partners (Mehta et al., 2015). Radical innovation,

for example, in terms of eradicating food insecurity, stems from fundamental collaboration that
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goes beyond agricultural engineers just working with mechanical engineers (Brooks et al., 2011).
While working on a project team, for example, agricultural engineers would need to be
comfortable working with social scientists, business professionals, chemists, philosophers, and
people with little or no formal education.

2.3.4 SERVICE-LEARNING

A service-learning experience may inform career interests. As Warchal and Ruiz (2004)
suggest, “service-learning may offer students the opportunity to experience success in career
settings and make informed choices about employment options” (Warchal et.al, 2004, p. 91). The
SCCT conveys that the linkage between career interests and self-efficacy signifies that people
may connect their career interests to skill competency (Bandura, 1986; Lent et al., 1994). Lent,
Brown, and Hackett (2000) infer that when given an opportunity to develop a skill related to a
future career, it may provide a “direct influence” on career choice (Lent et al., 2000, p. 38).
Therefore, “by combining service-learning research with insights from SCCT and studies that
link skill development to career choice, we can speculate that service-learning may inform
students’ career interests and decisions” (Mitchell, 2018, p.19). For example, Virginia Tech
offers a service-learning opportunity in Hendersonville, North Carolina in environmental

conservation, Conserving Carolina (https://engage.vt.edu/programs/alternative_breaks.html).

Students work to advance solutions for climate related issues, along with land protection,
promote equity and diversity and increase financial resiliency while engaging with the
community. Virginia Tech also offers an alternative breaks program for students to learn about

conservation of the Virginia State Parks system (https://www.dcr.virginia.gov/state-parks/).

2.4  STUDENT VIEWS OF ENVIRONMENTAL SUSTAINABILITY
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Environmental sustainability, or the ability to preserve resources for future generations is
a trending topic today. Undergraduate students can enter their undergraduate engineering
education program without knowing much about environmental sustainability or the urgency to
act. Misconceptions about the current climate crisis exist; just the mention of a climate crisis can
oftentimes prompt a sense of confusion for many (Coleman et al., 2018). For instance, some
people may think that a climate crisis is not an issue that they can solve (Manolas et al., 2011).
Even so, the next generation of students can solve problems associated with environmental
sustainability while pursuing their careers. For example, they may address energy efficiency

indirectly in their future engineering position.

Michel and Zwickle (2021) explored students’ knowledge of environmental sustainability
and found that classroom learning experiences had a strong influence on student’s understanding
of sustainability (Michel et. al, 2021). Although Michel et al, (2021) revealed that social
networks were highly impactful for undergraduate student’s knowledge of environmental
sustainability, student’s coursework was ranked second in this study. There is a continued focus
on literacy in environmental sustainability. As Moody-Marshall (2022) stated, “empowering
citizens to become environmentally literate is crucial” (Moody-Marshall, 2022, p. 1), and
environmental awareness and behaviors of young graduates may reflect their academic
experiences. Results from this Moody-Marshall (2022) study indicated that formal education was

the primary source contributing to an understanding of environmental sustainability.

Undergraduate education may be contributing to increased belief in the need to address
environmental sustainability though about half of the students entering engineering in college

may not believe that humans cause climate change (Shealy, 2018). This deficiency may represent
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an opportunity for engineering educators in higher education to expose students to climate
related course material, with the potential of clarifying some of the misconceptions. Based on the
learning experience construct in SCCT, exposure to environmental sustainability related climate
change issues in engineering education may lead to career interests in environmental
sustainability.

Although sustainability curriculum in higher education can provide the necessary
exposure for students to address sustainability challenges of the 215 century (Holdsworth et al.,
2021), teachers may need to become learners themselves in order to provide the necessary
context for meaningful sustainability learning experiences (Martin and Jucker, 2003). Teachers
may not always feel comfortable working on subjects that are distanced from their own
specialties (Barry, 2020). These gaps may need to be addressed before full integration of

sustainability learning experiences into curriculum (Yanniris, 2021).

2.5 INTEGRATING ENVIRONMENTAL SUSTAINABILITY WITH ENGINEERING
EDUCATION

Interest by educators in higher education in integration of environmental sustainability
into engineering education has advanced, based on an increase of environmental sustainability
courses taught at the college level, funding, publications, and an increase faculty in this area
(Zhang, 2012). The ideal approach to education around climate change may be unlike the
approach necessary when addressing other environmental issues based on the complexity of
climate change (Monroe et al, 2019). For instance, Karpudewan et al. (2015) utilized role play to
assist students with environmental understanding (Karpudewan, 2015), a teaching strategy

oftentimes used by educators to enhance student engagement and a strategy that may be useful
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when teaching about subjects that may be challenging, such as climate change (Monroe et al.,

2019).

Educational research on environmental sustainability has examined middle and high
school students’ conceptual models of climate change (Monroe et al., 2019, Shealy et al., 2021).
This research has studied if there are any links between understanding and interest and the desire
to address these types of issues in student’s careers after college (Anderson 2010, Shealy et al.,
2021). Duke et al (2022) sampled undergraduate biology students while exploring a connection
to nature and understanding of climate change. Findings from this study concluded that “One’s
connection to nature contributes to seeing the local effects of climate change” (Duke et al., 2022,
p. 965), which agrees with the data from the qualitative interviews. “Environmental education
programs seek to connect students to nature, and there is some evidence of impacts on nature

connectedness” (Williams et al., 2021, p. 1040).

Higher education institutions can act as key constituents to educate the future
sustainability workforce (Rizwan et al, 2021; Luna-Krauletz et al, 2021; Kioupi et al, 2022).
Educators in higher education have an opportunity to expose engineering students to
environmental sustainability issues because there is little work that has been done in this area to
know how much students are learning about environmental sustainability. “Higher Education
Institutions (HEI) play a fundamental role in the transition towards Environmental Education for
Sustainability (EES)” (Luna-Krauletz et al, 2021 p. 1). As Filho et al found in 2018 while
investigating sustainable integration in curriculum, the study revealed sustainable development
has not been sufficiently integrated in higher education institutions (Filho et al, 2018). Findings

reveal that faculty must commit and include sustainability in the curriculum. It would also be
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advantageous for faculty to work collaboratively while learning how to engage students. In
addition, as addressed by Milovanovic et al. in a recent study investigating how to design courses
that may motivate engineering students to pursue sustainability careers, course design strategy
may be beneficial. “Pedagogical strategies and curriculum content should define a suitable
environment for students to learn how to design (Milovanovic et al, 2021 p. 4).

Environmental sustainable development may be a component of some challenges of the
21% century, though some engineering education programs may not directly prepare engineering
students to approach these challenges (Wilson, 2019). For instance, a specific engineering
discipline such as environmental engineering may explore one or more environmental
sustainability categories as required in coursework (Amiraslani, 2021), and mechanical
engineering courses could also include content related to environmental sustainability (Hallinan
et al., 2008). Because of the varying degrees of the prioritization of environmental sustainability
in the engineering community, challenges relating to successful buy-in still remain to
successfully integrate environmental sustainability education in engineering, and the right
teaching strategies will be necessary for effectiveness (Zhang, 2012). Effective teaching may
increase an awareness and interest of the importance of sustainable development which may
then increase an interest in addressing environmental sustainability in careers after graduation

(Sibbel, 2009).

2.6 EDUCATIONAL INTERVENTIONS AND STUDENT INTERESTS

Although students have expressed that they may have an interest in a career in
environmental sustainability, there may be a commitment gap, meaning they do have interest,
though they may be motivated by other factors (Miller et al., 2017). While exploring future

careers in environmental sustainability, Nilan et al. (2019) found that students may sometimes
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choose alternative careers that pay higher salaries as alternatives to careers in environmental
sustainability. Results from this research also indicated that it is likely that the student’s
undergraduate extra-curricular experiences in environmental activism were valuable when

considering future environmental sustainability careers (Nilan et al., 2019).

Future engineers need a multi-faceted approach, or a variety of opportunities to learn
about environmental sustainability (Weatherton et al., 2015). Engineering curricula can include
concepts, such as environmental sustainability or renewable energy, to support engineering
students’ understanding of the environmental setting of engineering work (Abdul-Wahab et al.,
2003). Adopting a more sustainable curriculum can oftentimes be a slow process (Jones et al.,
2010; Winter and Cotton, 2012). There is evidence that environmental sustainability has been
embedded into existing undergraduate curriculum through avenues such as course modules,
internships, and senior design projects, though obtaining faculty buy-in can sometimes be
challenging (Weatherton et al., 2015). Valuable course content can be included in curricula to
teach engineering students to understand the environmental context of engineering work as well
as the responsibilities of engineers to society and the environment (Abdul-Wahab et al., 2003).
Engineering educators can both instill the principles of sustainable design and also cover the
necessary knowledge needed for the future engineer by integrating sustainable design practices

(Price & Robinson, 2015).

For college students, interventions such as vicarious learning experiences and
performance accomplishments related to career self-efficacy may affect career goals and actions
(Luzzo et al., 1999). Luzzo et al. used videos for the vicarious learning experience of other

students proclaiming how their own experiences in math and science led them to choose careers
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in these areas. The performance accomplishment component was administered as a test. The
results showed that with a student’s higher level of intervention, the student was more likely to
express a career interest in that area (Luzzo et al., 1999).

There is limited evidence showing whether interventions or exposure related to
environmental sustainability in undergraduate engineering studies leads to a career interest in
environmental sustainability. In the last few years, the theme of environmental sustainability has
been utilized to uncover if environmental sustainability could be leveraged to increase
participation and diversity in engineering (Klotz et al., 2014). This study explored environmental
sustainability as a potential route to broadening participation in engineering by surveying
students in introductory English classes. Results from the study showed that students who hope
to address environmental sustainability issues may be more likely to pursue engineering, though
students were less likely to pursue engineering in areas such as opportunities for women,
poverty, and disease.

Academic experiences are especially critical to career decisions (Kyoung, 2011). In
addition to collegiate academic experiences, experiential opportunities such as internships,
research, service, and study abroad all impact student career aspirations and decisions (Brown et
al., 2004). Experiences that students find especially significant to their career decisions are those
that provide new perspectives, promote reflection, or provide challenge and applicability (Brown
et al., 2004). Impactful undergraduate learning experiences may lead to long-term career choices
which may also develop experts in the field who will contribute to environmental sustainability

problem solving.

2.7  MOTIVATIONS FOR CAREERS IN ENVIRONMENTAL SUSTAINABILITY
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Employment is a key component for individuals because although there is a financial
component, employment can also contribute to self-realization (Warr, 2007; Martela et al.,
2018). Work also has an important social dimension, “it serves as a bridge between the
individual and society and is becoming especially important in the light of the current crisis of
unsustainable development” (Medugorac et al., 2020, p.2). Developing a workforce in
environmental sustainability is a necessary step in the direction of tackling global environmental
sustainability issues and finding solutions in environmental sustainability. However, attracting
and developing a skilled environmental sustainability workforce may be complex, and this
complexity may be eased by appealing to environmental sustainability interests in undergraduate
engineering education because additional exposure may increase interest.

According to Mehta and Gorski, there are three questions students should ask themselves
when considering career choices: “What problems do I really care about? What problems do |
really want to solve? Which organization will offer me the best platform with the right tools,
resources, and networks to address those problems?” (Mehta & Gorski, 2017, p.57). Many varied
factors are pertinent when making decisions to pursue careers (Sultana, 2014). In a student’s pre-
college years, the family plays an important role in career development (Palos et., 2010).
Students may have a career interest in environmental sustainability prior to college enrollment
based on family influences. Medugorac et al. has explored how pre-college students may develop
environmental sustainability interests and interests in pursuing careers in environmental
sustainability (Medugorac et al., 2019). Some of the results from the Medugorac et al. study
showed that career counseling and guidance can be impactful when considering environmental
sustainability related career choices. Pre-college students who have support by mentors, teachers,

and family members, while also being exposed to the field of environmental sustainability may
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increase their self-efficacy which could then also lead to increased interests in future sustainable
careers. A future green career can provide an opportunity for these students to invest in societal
issues and contribute to solutions (Sulich et al., 2021).

There is general agreement amongst experts that climate change is occurring, but
research is limited in terms of whether engineering students are motivated to address climate
issues in their future careers. While educating engineers during their undergraduate engineering
education, addressing any misunderstandings about the changing climate may motivate students
to gain interest in solving climate issues in their future careers (Shealy et al., 2021). Although
some new climate policies and climate agreements have prompted an increased attention to the
negative effects related to climate change, current efforts do not always consider the role that
education has when providing the necessary skills to deal with future environmental issues
(Bangay et al., 2010). From a global perspective, many facets of the renewable energy sector are
rapidly growing, suggesting that available jobs in this area also will rise, creating employment
opportunities in many different sectors (Bangay et al., 2010; Pruneau et al., 2010; Berger et al.,
2015). The United Nations Educational and Scientific Cultural Organization also indicated that it
is likely that skills needed for the solar sector may require an engineering degree (Filling The
Skill Gap In India’s Clean Energy Market: Solar Energy Focus, 2018). Educating students on
climate change can be beneficial and may also serve as a motivation to pursue environmental

sustainability careers.

2.8 SUMMARY

This literature review dove into the intersection of students’ exposure to environmental

sustainability in undergraduate engineering courses and their subsequent future career choices in
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environmental sustainability. Career choices have previously been explored utilizing the SCCT
as a framework, though limited research exists relative to environmental sustainability learning
experiences and career choices in environmental sustainability by undergraduate engineering
students utilizing this framework, leaving room for additional research. This review highlights
key concepts and research findings in various aspects of this topic. Overall, the literature
suggests that integrating environmental sustainability into engineering education through a social
cognitive lens can lead to positive outcomes as it encourages students to consider environmental
sustainability as a future career option.

The beginning of this review focused on framing the study within the Social Cognitive
Career Theory (SCCT) which examined the impact of individual, social, and environmental
factors on career development. In the context of the environmental sustainability space, this
theory explores how learning experiences, including service learning, internships and classroom-
based interventions can integrate environment sustainability with engineering education.
Secondly, the literature explores how classroom experiences can impact students’ understanding
of environmental sustainability and potentially clear any misconceptions about climate change
and its connection to environmental sustainability issues. The literature also speaks to the
significance of integrating environmental sustainability elements, including classroom based,
internships and service-learning opportunities in undergraduate engineering programs as
enrichment to inspire future career interests. Integration of these learning experiences may lead
to an increased interest in environmental sustainability careers.

Additionally, the effectiveness of interventions and their impact on student’s future career
goals were reviewed. Vicarious learning may have a positive impact on student’s interests which

may impact student career choice, though the literature was limited in terms of environmental
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sustainability. Faculty buy-in was explored in this review and examined challenges faculty may
encounter while integrating environmental sustainability into engineering education curriculum.
The review also emphasized the importance of embracing strategies to incorporate
environmental sustainability during curriculum development to ensure that future engineers have
knowledge in this area. This review highlights the need to educate people in environmental

sustainability, so they are equipped to address related environmental sustainability issues.
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CHAPTER THREE - METHODOLOGY

3.1 INTRODUCTION

This study explored interests in choosing future environmental sustainability career paths
by undergraduate engineering students. With a focus on the learning experience construct of the
SCCT, the study explored student perspectives of environmental sustainability learning
experiences and career interests in environmental sustainability utilizing semi-structured

interviews for data collection.

3.3 Focus ofF THIS STUDY

This exploratory study aimed to understand how learning experiences related to
environmental sustainability in undergraduate studies inform decisions to pursue careers in
environmental sustainability. As described by SCCT and as illustrated in figure 2, learning
experiences are precursors to both self-efficacy and outcome expectations linking to student
career choices. Data collected for this research provided additional insight into learning

experiences and how students form career interests, utilizing semi-structured interviews.

3.4 METHODOLOGY

This research design investigated student perspectives about environmental sustainability,
learning experiences and future career interests in environmental sustainability. Semi-structured
interviews explored how students’ learning experiences in undergraduate engineering inspired
them to plan to elect environmental sustainability career choices. Data collected informed how
certain conditions may come to be, such as an interest in a future career in environmental

sustainability, or if certain events have occurred, such as an environmental sustainability learning
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experience. For example, if a learning experience related to environmental sustainability were
presented to a student during the course of their undergraduate studies, this research explored
whether this student recalled this experience and also has an interest to pursue a career in
environmental sustainability. Specifically, for this research, the learning experience construct as
it relates to students’ downstream career interest of the SCCT was explored. This research
centered the student as the unit of analysis, meaning the students are being studied, to gain a
deep understanding of their environmental sustainability learning experiences and interests in
future environmental sustainability careers. The student was chosen because this study focuses
on the student’s experiences and perspectives. Other constructs of SCCT, including person
inputs, self-efficacy and outcome expectations and their connection to learning experiences was
also explored while investigating learning experiences and career interests with interview
questions related to each construct. SCCT posits that these other constructs also link to learning
experiences and career interests. The person input(s) constructs such as predispositions, gender,
race/ethnicity, disability status along with background and environmental influences of SCCT

were also investigated because these areas may also inform student career choices.

3.5 DESCRIPTION OF THE STUDY SAMPLE

It is best to choose participants who can best inform the research questions to improve the
understanding of the phenomenon (Sargeant, 2012). A purposeful sampling approach was
utilized because this research “required access to key informants in the field who can help in
identifying information-rich cases (Suri, 2011 p.66). For this study, undergraduate engineering
students enrolled in any engineering discipline at Virginia Tech and also enrolled as a green
engineering minor student who have generally completed 6 semesters of coursework, were

recruited for interviews. Purposeful sampling requires access to key informants in the field who
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can help in identifying information-rich cases. This sampling approach involved choosing
participants who could be the most informative in this context. Sampling from this group
provided responses from students who were at least familiar with environmental sustainability
and were able to engage in a deep conversation about the topic. This was important because the
students who had a familiarity with environmental sustainability could answer the interview
questions and provide rich, in-depth insight.

Prior to recruitment, a pilot interview with a green engineering minor student was
conducted to ensure that the interview protocol was capturing the data necessary to answer the
study’s three research questions. No adjustments were made to the interview protocol based on
the pilot. The professor of the Introduction to Green Engineering course chose a student and
asked if they would be willing to participate in a pilot interview.

Regarding the sampling approach, there are times when the purpose of collecting
information is not to generalize but instead, to describe a group in a more common way (Fowler,
2012). An intentional form of sampling is often used in qualitative studies, which allows the
researcher to find small, specific groups to focus on (Creswell, 2018). In this instance,
recruitment for the semi-structured interviews utilized purposive sampling by inviting students
who were enrolled in the 3-credit course, ENGR3124 Introduction to Green Engineering at
Virginia Tech during the Fall 2022 semester. This purposive approach provided the opportunity
to have an in-depth conversation with a group of students who were knowledgeable of
environmental sustainability. When considering sample size in qualitative studies, researchers
have attempted to recommend some guidelines. For instance, Charmaz (2006, p.114) suggests
that "25 participants are adequate for smaller projects”. According to Ritchie et al. (2003, p.84)

qualitative samples often "lie under 50". Likewise, Green and Thorogood (2009, 2004, p.120)
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state that "the experience of most qualitative researchers is that in interview studies little that is
'new' comes out of transcripts after you have interviewed 20 or so people". This suggests that
collecting additional data beyond approximately 20 — 50 participants doesn’t provide new
insights or themes, though the exact number varies widely based on the context of the research
and phenomenon under study.

Based on the literature reviewed on sample size, 25 participants who were available for
interview were recruited to generate a deep and rich understanding from the participants. The
final number of participants needed for this study depended on the number required to fully
identify the fundamentals of the phenomenon, environmental sustainability career interests
(Creswell, 2018). After approximately twelve interviews, new insights and perspectives began to
dissipate, though due to the exploratory nature of this study, and since the participants were
already recruited, each of the remaining twenty-five students were interviewed to best inform
this study. Although most of the ENGR 3124 volunteers for this study were also undergraduate
engineering students, two of the participants were not. Data from these interviews were analyzed,
though this data did not drive any themes.

Demographic data was collected, based on the person inputs construct of SCCT,
information is provided in Table 2 below. In addition, Table 3, and Table 4 list the number of

participants by major along with their year in their undergraduate programs.
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Table 2. Demographic information

Demographic Category Number reported
Gender Man 9
Woman 16
Disability/Health Status All 0
Race/ethnicity White 15
Asian 6
Other 3
Did not provide 1

Table 3. Major

Major Number of
participants

Aerospace

Civil and Environmental
Electrical

Biological Science
Industrial Systems
Mechanical

Biological systems
Chemical

Computer

Material Science
Environmental Science
Industrial Design

Table 4. Undergraduate status

2

RRr MR INNPRP ORI W

Year at university | Number of
participants

2 5
3 12
4 6
4+ 2
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I stayed respectful by fully communicating the motivation for this research with each
student, establishing trust between myself and the students involved in this study (Creswell,
2018). Student participation was incentivized by offering the participants a gift card for
participation. An application was submitted to the Institutional Review Board (IRB) and non-
research determination was obtained, IRB# 22-613, prior to all student recruiting and interview

requests.

3.6 DATA COLLECTION

Semi-
structured
Interview

Pilot Prescreen Schedule

Interview Questionaire Interview

Figure 3. Data Collection Steps

Data for this exploratory research design was first collected by a pre-screening
questionnaire and second through semi-structured interviews. The interviews were conducted
were uploaded to Dedoose, a qualitative data analysis software and. A deductive approach was
utilized for coding, based on the primary constructs of the SCCT. Additional codes then emerged
during the iterative cycles of coding.

Qualitative researchers have faced unique circumstances due to the recent disruption
from COVID-19, creating additional data collection opportunities. Social distancing mandates
restricted traditional face-to-face meetings, presenting alternative options for researchers who
found the need to alter their study designs to accommodate the need to socially distance (Lobe et

al., 2020). For instance, online qualitative methods, such as online interviews are derivatives of
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traditional methods, using internet settings instead of face-to-face interaction (Chen, et.al, 1999).

Although previous social-distancing mandates had been lifted at the time of the data
collection for this work, the semi-structured interviews for this study were

conducted online through Zoom. Interviews were recorded using the Zoom platform and

transcribed through otter.ai. Transcriptions were cleaned and then uploaded to Dedoose for

coding.

3.6.1 PILOT INTERVIEW

In preparation for this full-scale study, a pilot interview was conducted with a student
enrolled in ENGR3124, Introduction to Green Engineering. The duration of this pilot interview
was 24 minutes. The data collected from this pilot interview was compared to the initial codes
taken from the SCCT constructs along with the research questions.

For example, the following question from the pilot interview aligned with the outcome
expectation and interests constructs of the SCCT along with the response provided:

Q8. Do you see yourself contributing to the area of environmental sustainability in your

future engineering career? (outcome expectation/interests)
Probe: How? What career path do you envision?

Response: My direct contribution will probably be ensuring that to the best of my ability, I'm
designing wind turbines to impact their surroundings less, operate more efficiently, generate
more power so that they can be so that not only are we approaching a more sustainable energy
source, but that energy source itself gets more sustained.

One of the places I considered as a good opportunity is I'm from South Florida, and I know FPL
invests quite heavily in solar and offshore wind farms. And so, I have considered there's an
opportunity for me to go and likely work in design as what I'd be hoping for is either design or
general testing of designs to ensure that they're operating at the best efficiency.
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It was determined that the interview protocol was designed appropriately to answer the

research questions in the study and no modifications were made to the protocol.

3.6.2 PRE-SCREENING QUESTIONNAIRE

A pre-screening questionnaire was sent by email to green engineering minor students
who had declared their minor and who had also completed 6 semesters in their undergraduate
program for the Fall 2022 semester. The questionnaire was offered through Question-pro
(http://questionpro.com) and consisted of four questions, one question asking if the student is
currently enrolled in the green engineering minor at Virginia Tech, along with three demographic
questions relating to gender identity, race/ethnicity, and disability status. The full questionnaire
can be located in Appendix A. These demographic questions are important because they provide
answers relative to the person inputs construct of the SCCT, providing general demographic
information. The director of the green engineering program utilized enrollment records to send

the pre-screen recruitment email to the students.

3.6.3 SCHEDULE INTERVIEW

After completion of the pre-questionnaire, students utilized the QR code at the end of the
questionnaire to schedule their interviews through youcanbook.me (http://youcanbookme). A
calendar invite including the zoom link was provided. Each student confirmed their scheduled

time prior to meeting for the semi-structured interview.

3.6.4 SEMI-STRUCTURED INTERVIEW QUESTIONS
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During the interview protocol design process, guidance was sought from my dissertation
committee to provide feedback on the proposed interview questions to ensure that the questions
were designed appropriately to obtain the necessary data to answer my research questions. The
semi-structured interview questions were designed around each of the SCCT constructs. The
protocol included 17 questions, allowing the flexibility of skipping a question topic if that topic
may have been answered by an earlier question based on the semi-structured approach. Each
interview took approximately 30-40 minutes, depending on the depth of detail each participant
provided in their answers, and whether follow-up probing questions were necessary. The

following protocol was utilized for the semi-structured interviews:

QI.  What is your current major? (demographics)
Probe: Declared or projected?

Q2.  What year are you in your program? (demographics)

Q3.  What does environmental sustainability mean to you? (environmental sustainability
understanding)
Probe: Can you give one or two examples of environmental sustainability topic(s)?
(environmental sustainability understanding)

Q4. Do you think that engineers can improve environmental sustainability? (outcome
expectations)
Probe: If yes, how?
Probe: If no, why not?

Q5. Do you believe that you can improve environmental sustainability after becoming an
engineer? (self-efficacy)
Probe: How?

Q6.  Did you have any interest in environmental sustainability prior to your first year at
Virginia Tech? (person inputs — predisposition)
Probe: Yes, please tell me a little more about that (those) interests(s).
Probe: No, when did you develop an interest?

Q7.  Tell be about a recent project with an environmental sustainability component in one of
your courses? (learning experience)
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Q8.

Qo.

Ql10.

Qll.

*Q12.

*Q13.

Ql4.

*QlI5.

Qle.

Ql17.

3.7

Do you see yourself contributing to the area of environmental sustainability in your
future engineering career? (outcome expectation/interests)
Probe: How? What career path do you envision?

How would you describe career success? (outcome expectation)
Probe: Has this view changed since beginning college?

Is there anyone who has helped you decide on your career path? (person inputs —
environmental influences)
Probe: How?

Which environmental sustainability topics were covered in your undergraduate courses?
(learning experiences)
Probe: How were the topics covered?

Would you consider environmental sustainability a factor for satisfaction in your future
career? (outcome expectations)

Probe: If yes, why?

Probe: If no, why not?

What would you like to address in your future career? (self-efficacy/outcome
expectations)

Why did you make the decision to minor in green engineering? (outcome expectations)
Probe: How did you make that decision?

Probe: Did you consider any other minors?

Did you have any interest in pursuing an environmental sustainability career prior to
beginning your undergraduate program? (outcome expectations)

Probe: Has this changed as you started taking courses? How?

Is there anyone in your family who has or is working in an environmental sustainability

sector? (person inputs — background/environmental influences)

Is there anything else about learning experiences or future career interests that you’d like
to share? (learning experiences/outcome expectations)

DATA ANALYSIS
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Qualitative data from the semi-structured interviews were analyzed through the lens of
the SCCT to understand how student’s environmental sustainability learning experiences may
have led to an interest to choose a future career in sustainability. Data analysis ran concurrently
with data collection in iterative cycles.

The demographic data collected by the pre-screening questionnaire and the demographic
data collected during the interviews were uploaded to dedoose for analysis. A provisional coding
plan was utilized for data collected from the interviews, beginning with a list of codes generated
from theory, and then allowing other codes to emerge (Saldana, 2016). The SCCT guided the
first cycle of coding of the individual interviews focused on several of the SCCT constructs —
person inputs, learning experience, self-efficacy, and outcome expectation — while also
allowing space for other codes to emerge during the process by constantly comparing new codes
with existing codes. As Bernard (2018) expresses that data analysis is “the search for patterns in
data and for ideas that help explain why those patterns are there in the first place” (Bernard, 2018
p. 355). Otter.ai was utilized for transcription and transcripts were uploaded to
Dedoose for coding, identifying themes and patterns during the analysis portion. After the initial
themes were developed from the SCCT constructs, coding iterations continued, and additional

themes were identified.

3.8 RESEARCH QUALITY

Research quality approaches depend on the content of the research and the individual
research approach (Walther et al., 2002). To ensure trustworthiness for the qualitative coding,
peer debriefing was utilized (Stahl et al., 2020) and a sample of the excerpts were chosen and
coded by two other researchers utilizing the established codes derived from the SCCT constructs

and codes that emerged throughout the data analysis process for verification (Creswell, 2007). In
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addition, member checking was used throughout the interviews with an ongoing dialogue to

ensure that the data's meaning was interpreted correctly. Interview participants were then given
the chance to review a summary of their interview data after interview completion to check for
the findings' accuracy (Creswell, 2018). A confirmation of accuracy was provided by 22 of the

25 participants and in three cases, minimal edits were provided.

3.9 LIMITATIONS

Although there is an expectation that students will respond truthfully in interviews,
response bias may still occur (Singleton et. al, 2010). In order to minimize both response bias
and also researcher bias, I remained mindful of each of the following potential limitations.

Qualitative studies often require that researchers spend many hours gathering data
through contact with the participant through interview and analyzing the data. Biases can be
introduced by the researchers as they co-construct the data along with the participants when
conducting interviews (Borrego et al., 2009; Leydens, J.A. et al., 2004; Malterud, 2001). For
reflexivity, I remained aware of any biases that [ may have during the interview process. I
listened closely to each interviewee’s responses and repeated responses back to confirm
understanding. I exercised empathy with each participant during data collection and data
analysis. My constructivist epistemology served to counter my own researcher bias, stressing that
meaning lies with the one who perceives it, and that reality can be co-constructed through social
interaction (Ponterotto, 2005; Vygotsky, 1978).

The responses may have also been influenced by a participant’s state of mind at the time
of their surveys and interview. Interviews were scheduled at the interviewee’s convenience to
minimize distractions. The recent COVID-19 pandemic, along with the job market, may have

presented undesirable emotions that many members of society may still feel as a result of this
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pandemic, as well as the continued risk of contracting the virus (Li, et al., 2020; Toquero, 2020).
Symptoms pertaining to COVID may also affect cognitive functions by interfering with the
ability to think clearly (Li et al., 2020). This could surface as brain fog as students recall
experiences in their courses during the 2021-2022 academic year.

Data collection may have been affected by changes in the world that have resulted from
the pandemic, such as facilitation of interviews online rather than in person. These adjustments
may depersonalize the process to some extent and may also result in different responses than
may have been given if data was collected face-to-face. This limitation was mitigated by
showing respect to the members of the study population by individually explaining the purpose
and anticipated outcome and to establish trust during the interview by listening carefully to the
information given by the participants and repeating the information back for understanding.

The goal of this research was to gain in-depth insight into the specific area of learning
experiences in environmental sustainability, which is a limitation because of the small sample
size utilized compared to larger populations. A small sample size may make it difficult to
determine if a particular outcome is a true finding. Sampling limitations may have resulted from
the choice to interview students who were enrolled in the into to green engineering minor.
Although this is a limitation, this approach was intentional to ensure that the population chosen
had enough knowledge about the subject matter that they could engage in a deep rich
conversation.

This research was content specific, making it difficult to replicate the study mainly
because the same participants would not be available in the same context in the future. Volunteer
bias may have also occurred, as specific participants may have volunteered for this study based

on their personal motivations, potentially impacting the validity of the findings.
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3.10 ETHICAL CONSIDERATIONS

When conducting research, ethics must always be considered. For instance, the researcher
must avoid deceiving participants. It is a necessity that the participants know that they are
actively participating in a research study pertaining to environmental sustainability learning
experiences and career choices in environmental sustainability (Creswell, 2018). To counteract
this potential issue, I communicated information to remind the participants about the purpose of
the study. Human Subjects Research Determination, IRB approval #22-613, was received prior
to all participant recruiting, pre-screening and interviews and informed consent from participants
was received. Participation in this research was voluntary and all interview participants remained

anonymous, utilizing pseudonyms for anonymity. All information received is kept confidential.
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CHAPTER FOUR - RESULTS

4.1 INTRODUCTION

This research has investigated the environmental sustainability career interests of
undergraduate engineering students by gaining a greater understanding of how learning
experiences in undergraduate education may have a bearing on future career choices.
Undergraduate engineering students are a possible group with talent to confront environmental
sustainability challenges. These findings initiate a conversation that is valuable because the
findings may lead to the deliberate development of curriculum that supports additional
environmental sustainability initiatives.

Before diving into the results related to learning experiences, the next sections identify
responses related to student’s backgrounds, constructs identified by the SCCT as precursors to

learning experiences.

4.2  PERSON INPUTS

Person inputs are variables accounting for an individual's uniqueness, capturing qualities
such as disposition, socioeconomic status, ethnicity, gender, family influence and other personal
characteristics that influence self-efficacy (Lent et al., 1994). Findings revealed that of the
students interviewed, a predisposition such as an immediate family member working in an
environmental sustainability field was not a typical factor in most cases. This finding may
represent that the students interviewed may be a first generation of students that may utilize their
engineering degree and tackle sustainability issues. Of the twenty-five students interviewed, only

one student was able to make a connection to an immediate family member working in an

55



environmental sustainability sector. Students were asked the following question about their
environmental sustainability careers within their family to explore if they have had exposure in

this context.

Interviewer: “Is there anyone in your family who has or is working in an environmental

sustainability sector?”

The following student notes a couple of areas where her mom has worked in an

environmental sustainability sector:

Participant 111: “My mom used to work for the EPA, and now she works at Housing and
Urban Development. I don't remember where she works now, but her general path has
been like urban development and she's writing a book right now about environmental

issues, also.”

Participant 111 made a specific, direct connection to an immediate family

member, while the following three students made more of an indirect connection.

Participant 108: “Kind of, my brother does data analysis for a company that does natural
gas. And he says that he works with a lot of other people who do different types of data
analysis for like different energy by different energy alternatives. So, he talks with them a

lot. I'm not sure exactly what it is. That he does more in depth, but that is something I've
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talked to him about and he says mainly just focus on energy and budgeting and what is

’

most like economically sustainable.’

Participant 116: “Not my immediate family, but I do have a mentor who works for the EPA
as a chemical engineer, and he does a lot of consulting especially with the Great Lakes
area and any outputs that would affect freshwater up there. So not in my immediate family,

’

but in my area.’

Participant 124: “Don't know about the immediate family. I have, like I said, I have cousins
who have husbands and wives that are doing research in Norway, and that is on
sustainability. I couldn't even tell you exactly what it's on. I know they're taking core
samples out there. I have an uncle who's in construction. And he's talked about how
sustainability is factored into the materials that they're using and how that's become a front
runner in the past decade even less as like five years it's become a priority. But in terms of
a certain sector, certain family members are involved in a certain sector, nobody's directly
in the field of environmental sustainability, it's all correlated or becoming a part of their
career.”

While typical knowledge may suggest that a primary familial influence was a
significant contributor for student career paths, the group of students examined in this study
did not indicate that their family was a driving force. Although many of the students
interviewed for this study did not have a primary family career influence which may have
contributed to their interest in pursuing an environmental sustainability career,

peripherally, the exposure they did have may have may have intrigued their interest. This
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indicates that although not entirely in the forefront, a subtle peripheral influence can still
be impactful. For instance, informal family conversations about sustainability issues may

have sparked an awareness which may have then grown over time.

4.2.1 BACKGROUND/PRE-COLLEGE EXPERIENCES

As one of the SCCT constructs identified by Lent et al., (1994), pre-college experiences
may contribute to future career interests. Pre-college experiences stood out as impactful for
multiple students. As an example, the following four students talked about experiences they had
prior to their college years at Virginia Tech, which had an element of environmental
sustainability.

The following student quotes exhibit impactful pre-college experiences. One student
identified an experience while taking part in Boy Scouts, two students talked about a camp and
one student identified a self-directed experience that exposed each of them to an environmental

sustainability learning experience prior to attending Virginia Tech.

Participant 124: "I was a part of Boy Scouts. And we've definitely had projects that factor
in sustainability in terms of like Eagle projects, service projects. It's very basic, run off

and fluid runoff and erosion are probably the biggest factors."”

Camp experiences prior to undergraduate studies at Virginia Tech were expressed by two
students when asked about an environmental sustainability experience, they have had. The first
student identified an experience they had as a camp counselor prior to attending Virginia Tech

and had a learning experience about composting:
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Participant 109.: I would say the thing that actually came to my mind first was that 1
used to work as a camp counselor up in the mountains and at the end of high school, and
1 learned a lot about how the specific environment that I was in like, maintains itself and
how we interacted with while we're up there. And it definitely gave me a lot of

1

knowledge.’

Participant 109 then elaborated further: “I found the composting really interesting.
There's a big dining hall that the camp would serve three meals a day in and they would
cook lots of food that most of it they farmed themselves or got locally, and then everyone
would come through and dump all their food in a compost bucket afterward. And they
would take it down to wherever the composting area was that year. And basically, they
just put it in a certain environment in a little building, where they would increase the
humidity that comes with water, but some hay in to like give bacteria fuel and stuff and 1
think air and stuff too, and it would get really hot in there. And there were like four
different stages of I don't know if decomposition is the right word, but composting. And
certain things would disappear. First, eventually it'll just be like dirt with some maybe
some bones in it. But after it would take about a year and a half for it to kind of look like

’

dirt and then become soil that we actually use it for years.’

Participant 108: “I joined a Marine Science Enrichment camp, and I did some volunteer
service with a reserve just a few miles from my house. So, I definitely was getting more
and more into it in my high school years. And that's kind of where I was discovering my

own personal passion for it.”
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The data acquired from each of these students suggests that camp experiences were

impactful in terms of environmental sustainability exposure prior to their undergraduate years.

In addition, self-directed learning about environmental sustainability stood out as a
learning experience for the following student. They discussed how they were able to learn more
about global warming. As Larson et al., (2020) stated while concluding research exploring the
intersection of project-based design and self-directed learning, “Student action is guided by
curated knowledge resources provided online to support just-in-time, self-directed learning”
(Larson et al., 2020, p. 95). This statement is congruent with results given by the following
participant when asked “Did you have any interest in environmental sustainability prior to your

first year at Virginia Tech?”:

Participant 118: “Yeah, I would watch a lot of documentaries about the earth and 1

learning a lot about global warming that way.”

Global warming and renewable energy were also identified by participant 118 when they

were asked to provide an example of an environmental sustainability topic:

Participant 118: “I would say global warming is obviously a big one, and renewable

energy.”

The topics of global warming and renewable energy are on this student’s mind, they
found a way to independently further their knowledge of the subject and also expressed a way

they may apply this knowledge to a future career:
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Participant 118: “My intent with a minor in green engineering was to go into something
like manufacturing, processing, and doing things like minimizing the packaging for
consumer goods and helping to drive the company towards renewable energies and more

sustainable practices.”

Overall, several students identified pre-college environmental sustainability related
learning experiences that had a significant impact. These experiences were contributors to their

passion for environmental sustainability.

4.3 ACADEMIC LEARNING EXPERIENCES

Students identified several types of learning experiences during their academic years
containing a sustainability element. In this context, an academic learning experience is defined as
an experience realized sometime during enrollment in undergraduate education. In the following
sections, coursework, internships, and extracurricular activities were shared during the

interviews.

4.3.1 COURSEWORK

Results from the following section address the overarching research question in this
study, “How is exposure to environmental sustainability learning experiences in undergraduate

engineering courses associated with an interest in pursuing careers in areas of sustainability?”
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along with the third research question (RQ3) “How have environmental sustainability learning
experiences in undergraduate studies impacted engineering students’ intended career choices?”

As identified in the following excerpts, students identified three specific courses as being
memorable in terms of exposure to environmental sustainability when asked “Did you have any
interest in pursuing an environmental sustainability career prior to beginning your undergraduate
program? Has this changed as you started taking courses?”

Interview participants talked about multiple types of learning experiences during their
interviews, ranging from videos to group projects as instances where they have been exposed to
environmental sustainability in their courses.

This participant mentioned that although environmental sustainability may have been
mentioned in a course other than a green engineering course, the experience was provided by an

alternative method such as a video instead of knowledge transfer from the professor.

Participant 124: "I feel like topics related to environmental sustainability, If it's not within
the course that's entirely about environmental sustainability, like green engineering,
professors tend to offset that to videos, and external resources, you know, papers,
documents, other sources of work. There are some lectures that come from the professor
and his knowledge base, or their knowledge based upon environmental sustainability. But
over the past couple of years, it does feel like we're going to talk about sustainability in a
course that does not revolve around sustainability, it’s transferred to a YouTube video or
something within a lecture and then they build upon that. But rarely is it completely their

own take or their own understanding that's passed along.”
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Ethics is a major part of engineering. The following student expressed an exposure they

had while taking an engineering ethics course.

Participant 113: “Absolutely, I think this is I think part of it is almost like a mind game.
Because when you start to take courses, they briefly mention it [environmental
sustainability] with your engineering ethics [course], you know, we should strive to be
better obviously, of course, you know, but then moving forward, there's kind of a lack of a
mention of it, it makes you kind of want to lean into it more. It's almost like they didn't

bring it up. Maybe I'll do it myself.”

When students were asked to share about a recent project with an environmental
sustainability in one of their courses, the ENGE1215 and ENGE1216 courses,
Foundations of Engineering, were specifically mentioned by eleven students and quoted

in the four following excepts.

The following student identified that they had a light exposure to environmental

sustainability, though not an in-depth experience.

Participant 109: “In engineering 1215, we definitely had to write about the impacts of
different engineering designs that we hadn't built before that we were just looking at. And
I'm sure that it covered the impact of things about windmills, which touched on
environmental sustainability. Other than just writing about it, as a topic for design, |
don't think that I really talked too much about environmental sustainability in the

projects that I actually did.”
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In comparison, the following two students spoke about a deeper exposure to

environmental sustainability.

Participant 122: “Last semester, in engineering 1216 foundations class, we had a big
project, which was to create a vertical axis wind turbine, and we had to do an ethical
report on that and I chose to write my ethical report on how materials and the impact on
the wind turbine on the environment needed to be considered.”

Participant 121: “In my first year for 1215, we had our group and we built a wind turbine
together. I think wind turbines are a good example for using the wind energy. We tried to
find good designs that kind of rotate our wind turbine, and that’s what the design needs
to do. It’s not just about the appearance like that aesthetic, we also needed it to rotate so

that the wind can be used by our design.”

The following student was able to identify multiple sustainability learning

experiences.

Participant 123: “I remember for sure it [environmental sustainability] definitely came
up in my freshman year in some of the introductory engineering courses, and then they
came up later in terms of the professional development courses that talked more about
things that you could be thinking about when you apply for jobs or things that you could
research yourself. Companies want to lean more towards being green, so they’ll value

people that are very knowledgeable in that.”
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When asked to share about a recent project with an environmental sustainability
component in one of their courses, many students deferred to something they learned in the Intro
to Green Engineering course. This course was one of the few courses where these participants
students could identify an intentional exposure to an environmental sustainability learning
experience. The topics ranged anywhere from water management to bioprocesses.

The following two respective fourth year and second year students shared the subsequent

information:

Participant 114 “Well, so far these in the green engineering class that we've taken, the
only things we've covered so far would have been water conservation. And I guess like
energy management, like tracking energy from a power plant through wires through
home. Those are the only two I can really think of off the top of my head. Most of the

other courses have been just dealing with math, physics, and coding up until this point.”

Participant 122: “Most of it [my sustainability learning experiences] has come from the
green engineering class and so far in that class we've touched on, like environmental
services. We touched on energy calculations and efficiency of plants and just types of
renewable energies. We've talked about the triple bottom line a little bit in the donut
concept of overshoot versus undershoot to meet societal needs along with environmental
needs. An upcoming project, it's not a piece of the project we've gotten to yet but, in the

materials class, we have a big report on a specific material that we choose, and they did
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mention that one of the categories that we have to talk about is the green engineering
impact of that material. So, it's not something you started yet but it is part of that project
when we get to it. I also took plants in civilization, that class talked a lot about the kind of
human interaction with the environments and the services that those plants may provide

’

and how we're also impacting them.’

Students with an interest in environmental sustainability integrated environmental

sustainability into their projects, though it was not required as the following quotes revealed.

These two students did not recall other undergraduate engineering courses that typically include

environmental sustainability exposure, outside of coverage in a green engineering course. Since

similar responses were provided by students in different years at Virginia Tech, one could

assume that this may be a common sentiment throughout undergraduate engineering years

Participant 112: “That was a project, we were in groups and came up with a model for
how to use a bioprocess reactor. You either designed CSTR a PFR or something to grow
something that would be of use to humans. Some people use spider silk to do new
clothing technologies. Other people were trying to do food, energy, and just had to be
some kind of bioprocess engineering focus. And it wasn't like the instructor told us you
must have sustainability, but the students with interests in those fields just brought it into
play. And I really enjoyed seeing that. But that's kind of the thing is even though that
class wasn't focused on that it still made its way and because we've been seeing it. Most

of these kids I'm seeing four or five times a week in most of my classes at this point, so
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when [ see them in my environmental green engineering class, and then I see them in
bioprocess engineering, we're still bouncing around the same ideas that we had learned

’

in one class and others.’

This participant named an indirect way that environmental sustainability could be
integrated into the project if they chose, though it was not a direct requirement of the
project. This autonomy suggests that although this course focused on bioprocess
engineering, there were students who had similar interests in environmental sustainability
from their green engineering course.

The following student couldn’t recall a curricular learning experience, though
they did acknowledge that environmental sustainability intertwined culturally on campus.
They acknowledge that there are opportunities at Virginia Tech for an indirect
appreciation of environmental sustainability, as opposed to a direct curricular

opportunity.

Participant 101 “When it comes to green engineering, tech, the curriculum
doesn't focus on it much, but it seems that a lot of people very much understand it is a
campus that includes a lot of green space. A lot of nature is close to many natural spaces.
There's several parks and state parks around. So as a culture of the campus people
understand it and appreciate it, but it's not something that ever seems to be emphasized

in the curriculum very heavily.”
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Results indicate that students are being exposed to environmental sustainability
somehow during their undergraduate years, in some instances a light exposure and in
others a deeper exposure. The data suggests that these exposures are not a requirement
and instead an opportunity for the student to incorporate if they choose. This may occur
outside of a required undergraduate engineering course and instead materialize in a
course such as the Intro to Green Engineering course, directly addressing environmental

sustainability.

43.1.1 CURRENT EVENTS DISCUSSION

Multiple students mentioned that they were exposed to environmental sustainability in an
undergraduate course while discussing a current event, the Inflation Reduction Act (IRA) in
class. The IRA is one of the most significant climate legislations in U.S. history, offering funding
and incentives to accelerate the transition to a clean energy economy (United States Congress,
2023). The IRA In the following excerpts, each student connected the IRA discussion to an
environmental sustainability initiative, in transportation, solar energy and carbon emissions
reduction.

Discussion around the IRA in class was impactful, as mentioned by the following five
students.

Participant 102: “So a few of my courses right now are actually talking about our IRA,

the Inflation Reduction Act, like three, three of my classes right now, I've had to write

three separate things about that for three different courses. I think that learning about

that has been very interesting learning about how that could help to reduce the United
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States, greenhouse gas emissions and environmental impact as a whole. Hopefully,

everything goes as planned.”

Participant 117: “We had an assignment that was like on to review the Inflation
Reduction Act. And like to take notes on how it impacts the triple bottom line, or the
donut model. And that was like, kind of like a rite of writing assignment that I just
finished. I wrote about how adding grants for transportation by giving credit by
expanding the clean energy tax grants for cars to cool electric buses, and my electric
buses, are able to reduce the greenhouse gas by incentivizing people to build and buy

1

electric buses instead of gas buses.’

Participant 110: “I got a job offer back from my internship, so I will be working with
renewable energy post-graduation, which is very exciting. I think the biggest thing with
that is the Inflation Reduction Act just came out and it's talking about how solar, and just
renewable energy in general is really gonna take a big step forward, and there'll be more
tax credits for electric vehicles and rebates, that’ll be focused on lowering pollution in
lower income areas. So ideally, 1'd love to work directly with something like that. I'm not
sure how possible that is. But if not, I think I'll definitely be sticking with solar and

’

renewable energy for a couple of years.’

Participant 107: “Obviously, there are quite a bit within the green engineering

department, as well. I'm in a hydrology class. Currently, we discuss kind of how the

monitoring of these watersheds are incredibly important and how to maintain those
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aspects based on the soil content and based on just kind of the area in which the
watershed is and obviously the agreement unerring, the whole class is kind of very
heavily focused on that environmental sustainability. And kind of like so far, it's mainly
been with that, like energy and efficiency within that energy and how we can help
maintain it. We just went over the inflation act, and how we were looking at how that's
going to help in the next couple of years even with energy like reductions in carbon

)

emission reductions.’

Participant 120: “I'm taking a green engineering course this semester, and we've learned
a little bit about the triple bottom line and how we need all three realms of the triple
bottom line to work together. Planet, prosperity, and people. The way that those work
together is that you can’t reduce waste without also having government backing up. 1
think that the connectivity of it all is so important, and I think it was like anything related
to waste and emission, like without having the rules and regulations such as the new act
that's been implemented, the Inflation Reduction Act. So, without things like that, you
can't actually have any benefit to the planet as a whole without having bigger

corporations take this step forward.”

These data suggest that when professors integrate relevant current events into
their coursework, students grasp the concepts and make connections to their importance,
as discussed in detail during the interview. This suggests that students understand when a

learning experience is presented as a real-life concept, as supported by Bloom’s
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Taxonomy hierarchy, ensuring that classroom learning experiences are designed to

develop understanding (Brindha, 2020).

4.3.2 INTERNSHIPS

Internships are valuable hands-on learning experiences for students. Zehr et al., (2020)
noted, “Not only is the experience important but also the way in which the learner engages with
and reflects on the experience (Zehr et al., p. 312, 2020).” Multiple students identified internship
opportunities as learning experiences that were impactful when considering their future career
interests. supplementing their college academic experience, tackling real-world issues (Floyd et
al., 2017). The following participants revealed that they were excited that they had the chance to

work on real world problems.

Participant 110: “I got a job offer back from my internship, so I will be working with
renewable energy post-graduation, which is very exciting. I think the biggest thing with
that is the Inflation Reduction Act just came out and it's talking about how solar, and just
renewable energy in general is really gonna take a big step forward, and there'll be more
tax credits for electric vehicles and rebates, that’ll be focused on lowering pollution in
lower income areas. So ideally, I'd love to work directly with something like that. Not
sure how possible that is. But if not, I think I'll definitely be sticking with solar and

renewable energy for a couple of years."

This student identified their experience learning about renewable energy and the

Inflation Reduction Act in a course along with their internship experience in renewable
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energy as both contributions to their interest in working in the renewable energy area, for
at least the first few years of their career after graduation. The exposure to renewable
energy in both coursework and internship may be a factor for this student’s career choice
after graduation or the student could have accepted this post-graduation job offer because
of convenience, meaning that perhaps this may have been the first job offer or the only
job offer available to the student at the time. However, the student also expressed

excitement for the internship opportunity.

The following student was excited about the monetized impact their real-world
experience had during their internship. This student also enjoyed the autonomy they had

while finding a solution to an environmental sustainability issue.

Participant 120: “Yes, definitely. The manufacturing internship had more of a
sustainability component because I reduced the bottled water use as a result of
streamlining the process. So, by doing that, I think we generated over 20k in savings just
from reducing the amount of water so that's a lot of money. And I don’t think many
companies give you that kind of freedom to think and come up with solutions on your
own. So, I think it was really cool that I had a lot of people working with me and we were

able to do that.”

Again, an excitement to apply their knowledge along with some autonomy in real

life situations addressing actual environmental sustainability issues was expressed. This

theme continues with the next student:
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Participant 105: “I got that job that summer. [ was on the resource team when [ worked
at Pepsi, and I was on the Sustainability Resource Conservation team. So, to top it off, my
interests really peaked between really in the last six months probably, but it's always
been there a little bit and really spiked recently.”

The examples shown in this section support the value of internships that provide

real-life hands-on opportunities as also supported by Zehr et al., (2020).

4.3.3 EXTRACURRICULAR ACTIVITIES

The following two students discussed activities outside of the classroom where they were
exposed to environmental sustainability.
One student identified an extra-curricular experience they had while attending Virginia

Tech related to outdoor activities.

Participant 114: “Maybe like when we've gone camping, we've hiked up here around
Blacksburg on camping to the mountains and I guess you know, it was a statement to

leave it how it was before. That'd be a good example I could think of.”

The following student said he came to Virginia Tech because he was interested in

sustainability. This student discovered the wind turbine team at Virginia Tech while exploring

Virginia Tech’s website and they were interested in being on the team.
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Participant 117: “Actually, I came to Virginia Tech because I was interested in
sustainability. I went as soon as I came. Before even applying to Virginia Tech, 1
contacted the Virginia Tech wind turbine team to see what it was about. I'm actually on
the team now. It's where I'm wearing this shirt, but I'm going to be going to present for

)

that team. So yeah, that's why I came here.’

This student displayed excitement for their involvement with the wind turbine team at
Virginia Tech, further exemplified by wearing their shirt for this extracurricular activity. This
student displayed a sense of pride and belonging as a wind turbine team member.

Each of the students specifically mentioned in this section expressed an extracurricular
activity as a platform where they have had a supplemental environmental sustainability learning

opportunity outside of typical undergraduate engineering course requirements.

4.4 FUTURE CAREER INTEREST

The first research question (RQ1) investigates the kinds of interests' students have
regarding pursuing careers in environmental sustainability. Students identified future career
aspirations during the interviews. When asked: “Do you see yourself contributing in some regard
to environmental sustainability in your future career?”, participants expressed different ways
they could do so in areas of medicine, materials, manufacturing, polymers, and renewable
energy. For example, the following student was not only thinking about the world today, but also

had a concern for future generations:
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Participant 108 “Yeah, absolutely. Again, that's kind of one of my goals in the future is
to hopefully create a better environment for us and for future generations. So

environmental sustainability will definitely play a huge role in that.”

Then followed up with “And how do you see yourself doing that? What do you

envision?”, the same participant expressed further:

Participant 108: “I envision really going out in the field. And first like initially, like
researching, maybe something that someone thought was interesting like they've seen in a
national park or something that has brought up some interest and then looking more in
depth into whatever it is that they saw like a problem. And then hopefully, from there, like
creating more, going more in depth, and seeing what where that really came from. And
creating more environmental sustainability type solutions to hopefully prevent that along

’

the way, like down the line.’

The next participant’s response implied that to be satisfied with their future position, it

must be environmentally friendly.

Participant 115: “Yes, if I were in a position where that it [environmental sustainability]
was not a focus of what we were doing or not even focus, like, it wasn't even considered,

I would not be very happy and unsatisfied with the career that I chose.”

Participant 115’s expression indicated they would be unfulfilled in their future career if

they were unable to contribute to environmental sustainability. This strong response may be a
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sign that this student will intentionally seek out a career in environmental sustainability and not

just by default.

The following student expressed confidence that their undergraduate coursework will

provide the knowledge necessary to contribute.

Participant 123: “I think with hopefully, more knowledge that I gain on top of my
undergrad degree, hopefully I can contribute, you know, synthesizing, you know,
biodegradable materials instead of things that are really difficult or expensive or costly
or terrible for the environment to make, you know, that, you know, can help people like

’

prosthetics or, you know, medical devices.’

This student is thinking about how they will leverage their disciplinary knowledge to

optimize products.

The next quote, provided by participant 122, demonstrates that this student recognizes
that environmental sustainability knowledge will benefit their future career quest, and that
career opportunities will be abundant. This student realizes that environmental sustainability

understanding can be applicable in most career atmospheres.

Participant 122: “I think that I do have an interest in sustainability. But also, even
though I don't really know exactly what I want to do with my materials degree, I feel
pretty confident that you can use the green engineering minor in almost any field.

Because at this point, I think most companies are really trying to push sustainability and
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focus on that. So, it's definitely something that's really beneficial and career sense. Any
product that's being made, you can find a way to make it out of something that's going to
be better for the environment, any processes, regardless of if I go into something that's
directly related to energy, just I feel like it's applicable anywhere to try to be reducing

your environmental impact, regardless of the company.”

The following three students identified connections between knowledge gained in their

undergraduate courses and application of this knowledge in their future positions.

Participant 121: “As an industrial engineer in the future, I will design something with
renewable energy and also find a way for all other people to also access renewable

energy. My engineering design will help to do this and help humans to use renewable

energy.”

Participant 111: “Yes, I would hope to bring whatever sustainability knowledge 1

gained in college into whatever career path.”
Participant 119: “Until taking a class of polymers this semester, and I think it would be
interesting to look more about how biodegradable polymers are ways to more

efficiently recycle the polymers that we have in use.”

These data suggests that students are thinking about environmental sustainability and

are willing to pursue it as a future career path, one student even suggesting that they would be
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unhappy if environmental sustainability were not somehow part of their career. Students
identified multiple ways in which they may do so as future engineers, from general
environmental sustainability applications to specific choices such as renewable energy and

recycling.

4.5 SELF-EFFICACY

The SCCT identifies self-efficacy as a construct when students choose their future
careers. During the interview process, students were asked if they thought that engineers could
contribute to the area of environmental sustainability and also if they believed that they could

personally contribute.

4.5.1 ENGINEERS IN GENERAL

Students interviewed overwhelmingly agreed that engineers have the ability to solve
environmental sustainability issues. When asked the question, “Do you think that engineers can
help solve environmental sustainability issues?”

The following five student responses each display confidence in engineers and their

abilities to contribute to environmental sustainability:

Participant 106: "Yes, I support my fellow engineers and say we can find the answers to

anything."
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Participant 108. “Absolutely, there are so many solutions to the environmental problems
that we're experiencing right now and could definitely be discovered with more

)

technologies that we plan along, and we can create our solutions for.’

Participant 112: "Yeah, 100% I think we [engineers] can do that. Obviously, renewable
energy so instead of being in the ground and grabbing old, coal and oil, we can renew it
by using solar and wind. But obviously, that's not the only possible way to do it. If
feasible way to method. I think we can also efficiently use natural gas and use turbines a
lot better and also do things like carbon capture. And yeah, I think there's a bunch of

different ways we can do this. Make our brighter future."”

Participant 123: “I think so, yes. I think recyclable materials or, or biodegradable
materials are, you know, very up and coming. In terms of research and development. I

think that sort of fits my niche as well and interests.”

Participant 124: “We [engineers] are the ones that contribute significantly to the
scientific community, and that's really important because I think that environmental
sustainability is not a niche subject in that science is hard, and the general population
will not understand it to the degree that somebody in a scientific field will. Engineers,
they're very much integrated into that community. I think that they have the ability to

’

enact that change.’
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The five excepts provided are examples of student views in terms of addressing
sustainability issues as engineers. All twenty-five participants interviewed identified that
engineers can solve sustainability issues, displaying confidence in their own future contribution
to environmental sustainability in their engineering professions. Responses varied in terms of
how engineers could contribute, three students mentioned engineering in general, to more
detailed responses mentioning recyclables and one student referencing renewable energy. These
responses may indicate that although the students have the mindset that engineers can solve

sustainability issues, they may not know exactly how engineers in general may do so.

4.5.2 PERSONAL ABILITY TO ADDRESS SUSTAINABILITY AS ENGINEER

Multiple students could identify as future engineers and identify ways to address
environmental sustainability issues as engineers in the future. Others expressed that although
they would like to address environmental sustainability, they are unsure exactly how they may
do this. These results mirror the same results as the earlier section revealed when asked if

engineers in general can solve sustainability issues.

The following student mentioned ecology and acknowledged that it would be enjoyable
to work on an environmental sustainability issue in their future career. This student also

recognized the value of research.

Participant 108: “I’d really like to, that's kind of the goal in the future. I like research and
1 like finding out what things impact the ecosystems; I love ecology for that purpose. But
1 know that humans have a great impact on our ecosystems. So, it would be nice to find

an issue, but also find a way to maybe solve it.”
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This participant identified an application pertaining to renewable energy in an industrial

application as a career possibility.

Participant 114: “Looking at the fields that I want to be going into, which should be more
like robotics, like humanoid robotics, possibly, I would say it could improve maybe like
the wage jobs and factories replacing it with robots, which, though they use energy,

maybe gotten from a clean source probably will make a big difference.”

The quotes from participants 115 and 119 each identify a willingness to contribute to

environmental sustainability in a generic aspect.

Participant 115: “It'd be my dream to work in that sort of field where I can help the

environment that way by making these companies more environmentally sustainable.”
Participant 119: "I'm not entirely sure, because I'm not entirely sure where I'm going to
end up with my degree. But if I end up working in an industry, with a company, I would

like to help make their practice and whatever they do more sustainable.”

The next student response is a little more specific in terms of a potential contribution to

environmental sustainability, connecting life cycle assessment and recyclables.

Participant 122: "Yes, that's part of why I'm doing the green engineering minor. I think

that you'll learn a lot about how to do that. And for materials, I know one of the big
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topics is life cycle assessment and making materials that are going to last longer or be

more recyclable or just have less environmental impact.”

As shown in the above five excerpts, three of the students were able to identify details on
how they might contribute to environmental sustainability issues in their respective disciplines
after obtaining their future engineering degrees. In contrast, two students expressed in general
terms that they would like to have an opportunity to make such an impact, but they could not
identify exactly how they may contribute.

This information provides data to support an initiative to enhance exposure to
environmental sustainability engineering professions. Enhancements would be beneficial for
introductory engineering courses when professions are typically discussed and also through
connecting environmental sustainability to discipline-specific coursework. For example, as
participant 122 recognized, there is a connection between materials, life-cycle assessment, and

recycling, supporting this initiative.

4.6 PROXIMAL ENVIRONMENTAL INFLUENCES

The data provided in the following sections pertain to SCCT’s proximal environmental
influences which proceed learning experiences in framework. Students identified professors,

guest speakers, family, and friends as influential when considering future career options.

4.6.1 PROFESSORS
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Students identified mentors and their professors as being influential when considering

their future careers. This influence was identified as both direct and indirect.

Interviewer: So, in terms of sustainability careers, is there anyone who has helped you

decide on your career path?

The following participant identified a professor in an ecology course, who shared

personal travel experiences as influential:

Participant 108: “I would say this past summer with my [internship] mentor definitely
helped me get a better understanding of what it is I probably want to do in the future
though. It's still a little unclear. But it definitely helped narrow down my path a little bit
more because I liked what we did, and I was very interested. I just wasn't sure if working
in policy was my main thing. So, I would say he was a big influence. And I also have a lot
of influence from my professors and hearing what they have done in their lives. And they
talk about all the places they traveled or all the things they've witnessed and how they've
changed over the past like 20-30 years. So, I feel like that made a huge impact on how

what I'm doing is what I actually want to do.”

And again, this student benefitted when professors shared their personal experiences in a

watershed course:
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Participant 112: “I think it's changed in the fact that my expectations are a lot more real
as far as what is out there. I believe this is from my experiences both at Tech, in meeting
with professors [watershed course] talking with their experiences and industry, talking
with professors on some of my internships and seeing what they do in their day to day
lives. I have a much better grasp of what actually goes on being an engineer rather than
Jjust studying engineering. And that didn't necessarily come through as much in my
classes, but more through my interactions with the professor asking about their lives and
what they've done, what they've been through, and I think that's more where my
understanding of career success has changed. What they experienced, what they enjoyed,
what they thought was quality life, I'm definitely somebody who likes to learn from
others' experiences much like. You can only learn so much from a textbook at the end of
the day. It's what people did and made and the lives they live that you can really learn

1

from.’

Indirectly, professors were influential contributing to environmental sustainability
through their coursework and while sharing personal experiences while making a connection to
the environment. One student referenced an internship mentor as also being influential. These

results illustrate the different ways that students are influenced during their undergraduate years.

Professors who expose students to environmental sustainability directly by including an

element in their coursework are influential to students as the following quote displays:
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Interviewer: So, you said that you do think that it changed when you started your college
years. Do you remember when you think that change took place, or can you identify a

year, a time, or an experience?

The following student recognized a change in interest in environmental sustainability
over time, though they could not identify a particular instance when that change occurred. The

student mentioned coursework and professors as being influential.

Participant 112: "I don't think there was any one place where it really changed. I mean,
there were a couple of different places where I saw it gradually grow more and more. [
mean, I got research where I was doing looking at the effects of agriculture on
groundwater. So that was one of my background things that I wasn't expecting to get. [
did a watershed class. There were a couple of different professors who had more focus on
the environmental side. That all kind of got me more interested in making those

connections between engineering and the environment."

Here, the participant describes a time during their undergraduate experience while taking
a foundation of materials course, that their interest in potentially pursuing a career in

environmentally sustainability changed.

Participant 125 “So yeah, my first  would say, it really changed after he [professor]

first talked. So, in class because after we first talked about it, and we started the ECP

projects in my second year, that's when the sustainability kind of started getting into like,
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Jjust like my bit of my subconscious, it slowly became things that I started to look out for.
And looking at that and revising my resume over and over again to kind of see what 1
wanted to aim for I looked at it and I was like, you know, a lot of things I'm starting to
think about a lot of things he was talking about are things I already had interest in doing.

So why am I not taking the course if I'm already interested in learning about these

things?”

This response reveals a change is occurring over the student’s undergraduate years,
building from one learning experience to another. This demonstrates that exposure to a
combination of several types of learning experiences is impactful. Students value their

professor’s opinions, and they benefit when professors share their firsthand experiences.

4.6.2 GUEST SPEAKERS

Two students referenced guest speakers who mentioned environmental sustainability.
These speakers were arranged by professors as part of their course. When students were asked
when they may have developed an interest in environmental sustainability, these two students

identified the guest speakers as impactful.

Participant 124: “My interests largely changed due to the lifestyle that the career
provides. I don't want to be spending 80 hours a week doing design work at a laptop and
an office. So, 1 like the idea of being outside and being in nature. So, I mean, there's one
of the speakers who was doing sustainability reports for large corporations. And that
afforded her lifestyle where she was able to live out in Utah, and she worked from home,

and she was doing a lot of research and writings on the environmental policies of large
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corporations. And then aside from that, she was just outside every day. And so that that

piqued my interest and was something that I related to pretty heavily.”

This participant resonated with lifestyle affordances that were shared by the guest
speaker, while also considering an unattractive career lifestyle. This guest speaker was impactful
to this student because they were able to recognize that people do work in modalities that align

with the student’s lifestyle interests.

Participant 125: “He [guest speaker] definitely came in and talked to my foundation
engineering course because a lot of half the courses kind of overlaid with green
engineering. And then it was definitely again mineralogy that it was to my interest in

thinking of sustainability.”

Participant 125 on the other hand, identified that this guest speaker who spoke in their
foundations course was influential when they were considering a minor in green engineering.
Although different experiences and outcomes, both students found the guest speakers to be

influential.

Each of these two students were able to identify guest speakers as impactful in two
different ways, one for future career considerations and the other when choosing a minor. The
guest platform is a great opportunity for professors to expand upon their own knowledge and

expose students to different perspectives and experiences.
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4.6.3 FAMILY AND FRIENDS

When students were asked, “Is there anyone who has helped you decide on your career
path?”, the following five students identified a family member and/or friends as influential when

considering a future career path.

Participant 110: “I think in the beginning of college, I just kind of went into engineering
because my mom thought I was smart, she told me I should do it and engineers make

really good money.”

Here, participant 110 identified her mother as influential when considering which major
to choose and the impact of that major on a future career choice. The following student also

identifies their mom as influential;

Participant 111: “My mom has been a huge advocate for environmental sustainability.
So, it's always kind of been in my mind. And then once I got here, and I found like the

green engineering minor and other paths to take within civil that it solidified that path.”

Participant 115 names both family and friends as influences when choosing their major

and subsequent career:

Participant 115: “Definitely, like my family. [ mean, one of the major reasons I chose

chemical engineering was because I had a cousin who went here for chemical
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engineering and sounds like he does a good job now. That's kind of one of the major
reasons I even chose this major. I guess it'd be like most of my family and my friends.

Yes. They definitely helped me out a lot.”

The following student identified their older brother as influential and helpful, sharing his

own experiences and serving as a mentor.

Participant 116: “Yes, my brother's a chemical engineer, so he definitely had some say. 1
look up to him a lot, and we both are very stem oriented. He's three years older than me.
So, when he started college, he was between biomedical and chemical. And he really
helped him besides taking AP classes in high school, and picking which one you liked the
best and kind of just pursuing it. So, he took AP Bio and he became like, it became my
favorite. I'm gonna go with the chemical discipline. And then I did kind of the same. I was
looking into mechanical engineering, and I thought, physics is alright, but I'm not really
into machine workings and that sort of thing. I'm, you know, looking for more like the

chemistry side so he really guided me through like the whole science map of it.”

The next student recognized his dad’s role as small, though implicit because the student

followed the same educational path.

Participant 119: “Not in any large way, my dad works in research, so I think that

implicitly made it like the career option just because he did it, but no one has explicitly

talked me through it.”
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The following student identified an older peer as influential when considering the green

engineering minor:

Participant 105: “I talked to senior industrial engineer when I was a first-year student,
not knowing what to choose. And they come, it is a common thing that the green
engineering minors pair really well with this major. Oh, that's kind of cool. I'm thinking
of industry engineering suits me then I ended up figuring out that that's what I want
actually to do. Then again, the minor came up but it's a really good option, but I was kind
of I'll probably just finish my degree worried about that. And then tearing up and against
some credits and I have always taken like, for example, I was like I have always loved to
fish to be in the woods. So, I have always, always loved the environment. And when the

’

minor potential popped up, I was like, Sure.’

Participant 114: “I guess the first thing we did was actually somebody took a photo
[camping with friends]in the beginning. Okay, well, one of them is very so hopefully you
get him to interview, or I should tell him he's very stylish. He is environmental science
with the green engineering minor chemical engineering, your very thing and he did take
a photo. I don't know if we refer to it at the ends but we are self-conscious about we set
up tents we made a fire and we were so conscious of properly putting the fire out and
making sure that any garbage or trash or things that we had brought up there made sure

all that came back down with us as well.”
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Participant 112 recognized that they have had a community of influences, including their

mom, teachers, professors, and peers.

Participant 112" I have had a lot of people weighing in. It has been a weird road over
the past like, two years, I have started becoming independent and so I kind of learned a
lot from having my parents guiding me. I know my mother pushed me a lot when I was in
high school to become an engineer. And I had an amazing teacher in high school, Miss
York, who inspired me and my level of biology and engineering. But as far as recently,
there have been a ton of different people who have weighed in my life with my peers in
my classrooms and different professors who have either mentioned things about things
that they've done, things they've enjoyed, even peers who have found opportunities and
shared their experiences. There's not really a single person I can say that has made such
a great impact but a collection of a community of people who've all weighed in and kind

of made their opinions part of my life and part of my decision-making process.”

These results show that although students do have other influences, family members and
friends are influential when students consider their own career interests and also when they
consider what their family members think may be best for the student’s future. The results also
show that peers play a significant role in students' formation of career interests. Students value
their family and friends as support networks when considering future careers and also for

decision- making in general, in varying degrees. This data aligns with the person input construct

of the SCCT.
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4.7 CHANGE IN INTEREST

The second research question (RQ?2) in this study explored whether a change in interest
occurred during the students undergraduate engineering program. This does not imply that
changes are tracked for individual students, though I considered any evidence of change
according to student responses. A number of students recognized a change in interest in a future
career in environment sustainability during their tenure at Virginia Tech. Of those students,
many recognized an increase in interest after taking coursework and also envisioned their future
career path. Of the students interviewed, one student reported no change in interest, about half of
the remaining students expressed a gradual change and the other half noted a specific change.

The following three examples speak to the overarching research question in this research,
“How is exposure to environmental sustainability learning experiences in undergraduate

engineering courses associated with a n interest in pursuing careers in an area of

sustainability?”

Scenario 1 (Participant 106 — 3rd year Industrial and Systems Engineering major):

Interviewer: Did you have any interest in pursuing an environmental sustainability

career prior to beginning your undergraduate program?

Then followed up with the following question:

Interviewer: Has this changed since you started taking courses?
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The following two responses were provided by participant 106:

Participant 106: “No, I don't think I had that much of an interest but as and then I got to
know about this through the courses that I've taken. And so, it's something that we have

to be very serious about. So that caught my attention.”

Participant 106: "It was last semester. It was last year when I was taking this course
called Human Factors in economics. And that was where the first ideas of sustainability

started going to me."

Participant 106 also indicated the following in their interview when asked what type of

future career path they envision, their response:

Participant 106: “I'm looking to concentrate more towards getting into the automobile
industry. So, when I get into that I can, if I can work on the production line, make the
production line gets faster. There's probably less electricity use, there's less wastage and
even if there's some parts that go waste, I make sure that they are recycled. And talking
about the engines that cars are gonna use and think we have to make better engines
because I think 20% of the 10 to 20% of the world is running on electric vehicles right
now. And even though they sound very good for the environment, the way those batteries

are made are just not as good.”

Scenario 2 (Participant 101 — 3rd year Aerospace Engineering major):
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In the second example, participant 101 identified that while taking a course, they first began to
think about sustainability and then they also identified ways they may address environmental

sustainability in their future career.

Participant 101 identified that before their undergraduate years, they knew about
environmental sustainability, though they didn’t plan on pursuing it. This student then
also identified when their mindset began to change and also identified how they may

contribute to environmental sustainability in their career.

Participant 101: "Before coming to Tech, I did, though I wasn't as focused on pursuing it
as a part of my field, but it was kind of something that education or at least, culture had

imprinted upon me."

Participant 101 “I would say during the past semester, this past spring, so fairly
recently. I decided that instead of just pursuing the construction of aircrafts or
spacecraft, so I wanted to do something that would be a little bit more helpful for the

’

future.’

Participant 101: “My direct contribution will probably be ensuring that to the best of my
ability, I'm designing wind turbines to impact their surroundings less, operate more
efficiently, generate more power so that they can be so that not only are we approaching

a more sustainable energy source, but that energy source itself gets more sustained.”
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These data from this participant (101) suggests that during their time at Virginia Tech,
their interest has changed, and they identified how they may contribute to environmental

sustainability in their future career.

Scenario 3 (participant 112 — 4th year Biological Systems Engineering major):
The following participant (112) provided this response when asked if they had an

interest in environmental sustainability prior to attending Virginia Tech, they responded:

Participant 112: “I definitely think that I had a lot of interest in the environment and the
protection of it, but I don’t think until I came to Virginia Tech, that those two sides really
came together for me. I never took any environmental classes in high school. I had never
other than my own personal experiences with nature and being in it and like family
homes, farms, and things that kind of I have that kind of background. Other than that
kind of exposure I had never really looked at environmental engineering as a way of life.
I was always more focused on the biotech side. But I mean even coming from the
background, I've seen now from BSE [biological systems engineering]. I've seen a lot
more applications, even for biotech in this kind of environmental engineering side of
things and how we can bring those two together and really any engineering once again,
you're gonna have an impact on the environment. It's kind of one of those big common
problems we all have to solve one of these days. So, anything you engineer always kind of

has to have that in mind.”
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When then. asked if they could identify when this interest may have changed, they

mentioned research as a part of the change in the following excerpt:

Participant 112: "I don't think there was any one place where it really changed. I mean,
there were a couple of different places where I saw it gradually grow more and more. [
mean, I got research where I was doing looking at the effects of agriculture on
groundwater. So that was one of my background things that I wasn't expecting to get. [
did a watershed class. There were a couple of different professors who had more focus on
the environmental side.”

The mention of professors who had more of an environmental focus is insightful.

This influential notion, as illustrated by the SCCT framework identifies supports and

barriers that students experience during their choice-making process.

This participant then identified how they could contribute to environmental

sustainability in their future career:

Participant 112: “I've definitely thought about this and as far as it being my senior year,
I've got one more year left. [ have a couple of options on the board. Part of me wants to
go out west Colorado, Wyoming, work with an NGO or something. Help engineering, the
national parks, that kind of stuff. Another part of me actually, my grandmother owns a
small farm in South Africa. And there are certain things that have come to light where I
might end up going over there for a couple of years after school and I kind of want to try

and use what I've learned about sustainability, and the more agricultural background of
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what I've learned and possibly turn that to a sustainable Agricultural type. There's
already an Airbnb there, spend a couple of years and see what I can do, given the
learning that I have in a pretty impoverished area, both in the community and just on the

land that I have there.”

This data suggests that the student had an interest in environmental sustainability prior to
attending Virginia Tech, though they also recognized that research in a watershed course may
have enhanced this interest. This participant also identified how they may contribute to

environmental sustainability in their future career.

The following participant (111) identified when their interest in environmental

sustainability developed in the following excerpt:

Participant 111: “I think just like throughout my childhood my mom is always like, super
big on like, making sure we like compost our like food waste instead of just throwing it in
the trash and like recycling and like, like, learning water use not just because it's

cheaper, but also because like, it's a resource, and she's just always like, like, kind of put

it in our heads to that kind of thing”.

Then when asked if their view has changed, they responded:

Participant 111: "I don't think I considered a focus on environmental sustainability, 1
think going into it I was just thinking of pursuing engineering and then I would find some

one thing I liked along the way. My view has changed since taking the specific types of
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civil courses, especially intro courses, like Intro to structures and Intro to transportation
has definitely given me a better idea of possible career paths. And then also, now that I'm

starting to take a green engineering course, it's solidified my path."

This quote is insightful as it describes the impact of introductory courses. The
student recognized that the courses were not environmental specific, also aligning with
student responses signifying the exposure and impact to environmental sustainability they

also experienced in the engineering foundation courses.

This participant also described how they envision their future career path:

Participant 111: “The path I'm going now, probably alternate modes of transportation
and reducing the amount of people who use cars all the time and improving the bus

systems and bike lanes, areas like that.”

Of the participants mentioned who could identify that a change in interest in
environmental sustainability occurred, one student was able to identify a particular semester
when the change took place, while the other two students recognized a gradual increase over
time since attending Virginia Tech. It was also mentioned that the professor’s focus on
environmental sustainability made a difference.

Although the data identify differences in whether there was a change in interest and also

when this may have been, each of the participants identified some type of change in interest
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since attending Virginia Tech, along with detailed descriptions of their future career in

environmental sustainability.

4.8 OUTCOME EXPECTATION

Outcome expectations as defined by SCCT refers to “beliefs about the consequences or
outcomes of performing particular behaviors” (Lent, 2020, p. 133). Responses varied in terms of
their outcome expectations for their future careers. Generally, students identified the importance
of addressing environmental sustainability in their future careers as career success, though many

also expressed that monetary satisfaction was a desirable component.

4.8.1 CAREER SUCCESS

Participants were asked what career success meant to them. Participants responses

included areas such as self-fulfillment, making a difference in the world and financial stability.

Interviewer: How would you define career success?

Participant 102: " [ feel like first of all, it would be feeling financially stable, whatever
that means to the individual. Being able to comfortably pay all your bills at home,
provide for a family if you have one. And then I think the next most important thing would
be a sense of fulfillment coming from your job. You're not working for somebody that you
or somebody or something that you don't believe in that feels like just that you're doing

something that you enjoy, and you're proud of.”
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Participant 103: “I know this is gonna sound really bad, but I mean, money is the driving
factor and all of that, but at the same time, 1'd rather have a job that I know that I'm
making an impact in and take a pay cut for it, you know, and so, I think as long as I walk
at the end of my career, and I retire as long as I can look back and say that I made an

actual impact, a good impact on the world, then 1I'd be more than happy.”

Participant 114 “I would say career success would be probably contributing to the
project, seeing a product or design that you've done actually make it out into the real
world as an engineer. I would also maybe classify it as I know, it may not sound too

great, but also making enough money to support yourself at a certain stage of your life.

Participant 118: I think for everyone success has a lot to do with money. But I think it

also has to do with doing something that you are truly passionate about.”

These four students each identified making an impact while contributing to something
good as career success, monetary motivations were also a factor. The following student
identified an altruistic motivation, though the student also mentioned a career that is sustainable,
interpreted as a career that endures overtime and not related to the term of environmental

sustainability as the focus of this study.
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The following student did not mention the financial aspect directly, though they did
mention that a sustainable career is important. This could be interpreted as an indirect financial

aspiration.

Participant 109: “To me, success is being able to be in a career where you feel like you're
doing something good for others, and that that is also something that you enjoy doing.
And so, a career like that would have to be sustainable and not unpredictable, I guess in

1

my eyes, something sustainable.’

The definition of career success varied amongst the participants quoted, though self-
fulfillment, making a difference in the world and financial stability were common threads at

varying degrees.

4.8.2 ENVIRONMENTAL SUSTAINABILITY AS FACTOR OF SUCCESS

Results showed that making a difference is on many of the students’ minds when thinking
about what career success means to them, though the importance of financial security was also
expressed often. For instance, the following excerpts identify views of student factors of success.
When students were asked whether they considered environmental sustainability a factor of

success, the following insights were given:

Participant 106: “My career success would be maybe five to ten years from now doing
what I love. And you know, and I feel like I will be happy with myself when I do

’

something that helps other people out and seems to be very important for people.’
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Participant 124: “Yeah, sure. I mean, it's a good topic, right? You know that you're doing
good, you know that it's a current issue, and so I think you can derive comfort in the fact
that you are working on a project or a topic that you know is important to the longevity of

our planet. So, there's definitely a satisfaction degree to that.”

The following four examples identify environmental sustainability as a factor, though
financial security is also a need. These examples illustrate that students do want to make a

difference with monetary necessities.

Participant 114 “I would say career success would be probably contributing to the
project, seeing a product or design that you've done actually make it out into the real
world as an engineer. I would also maybe classify it as I know, it may not sound too

great, but also making enough money to support yourself at a certain stage of your life.”

Participant 105: “What you do the rest of your life, and, in a sense, what can define you
or what you put a lot of what you what you're working towards, monetarily and then

success I think of as first comes to mind as money.”

Participant 123:” Um, I think just being on my own for the last few years has made me

realize that you know, finances are very, very important. Life is very expensive, and you

know, you need to be able to support yourself.”
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Participant 112: “Career success is being able to sustain a lifestyle in which I am
comfortable enough supporting myself, but I am also in a place where I can give to those
around me and give back to the community in which [ work. I don't know if I've always
wanted to live a lifestyle in which I didn't live to work, but instead I work to live. I did
what I needed to do, I made my hobby my main focus in life and that's being out restoring
spaces. I do volunteer work and no matter where I go, 1'd love to kind of do that kind of
work. So, I guess, for me, career success is in my ability to perform meaningful tasks and

get paid forit.”

The next student was initially influenced by their parents to focus on financial security,
though the student’s perspective has started to shift, and they are now thinking about how their

contribution will make an impact in their future career.

Participant 113: “Absolutely. Okay. How I came to college has to do with my parents
being like, oh, engineer, a doctor who takes your pick as many Asian American families
tend to do. It was really about the money. We're looking for that big paycheck when
you're coming straight out of college looking for, you know, a big aerospace company
where a defense contractor will pay the big bucks right out the gate, and we'll start to
talk about money, money, money, and moving on. And now for me that's really changed
from I was all about the money to Oh, it's about whether or not I'm okay with what this

firm is doing. If I'm okay with my name and my work and my, you know, energy being put
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towards this objective. And am I moving up to be able to try to contribute some of my

ideas as well.”

The following student expresses that to feel good about their future career, environmental

sustainability would be a factor.

Participant 111: “Yes, environmental sustainability would be a factor for satisfaction in
my future career. I think that if [ ended up in a career where the company was, like not
taking into consideration their environmental impact and doing more harm, I probably

’

would not feel good about my career.’

Students identified different drivers when asked about career success, some recognizing
an intersection between drivers and others did not. Here, the data reveals that although students
identified personal fulfillment, making a difference and happiness as factors for success,
contributing to a cause was often mentioned, along with financial security. These results are
insightful because there is a need for people to work on issues in sustainability and these results
signify that undergraduate engineering students may potentially pursue careers in this area
because they made a connection between environmental sustainability and career success. These
data also show that students would be interested in a career that addresses environmental
sustainability issues if the corresponding salary is lucrative because the salary considerations did
seem primary for many participants. This may signify a gap of understanding between a career in

environmental sustainability and the corresponding salary opportunities.
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When the interviewer asked, “Do you see yourself contributing to the area of
environmental sustainability in your future engineering career? Most students indicated that they
would like to, though they were unsure at this point how they may do so based on future
employer uncertainties.

The following participant is open to environmental sustainability possibilities, though

they understand that their career trajectory is uncertain at this point.

Participant 124: “Yes, it's largely dependent on where my career takes me. Sustainability
is quite important to me. I love our planet. I love the outdoors. I love nature. Some
careers are definitely more focused on environmental sustainability, in engineering and

especially in Civil and Environmental Engineering.”

Participant 115 expressed their passion about a career in environmental sustainability:

Participant 115: “It'd be my dream to work in that sort of field where I can help the

’

environment that way by making these companies more environmentally sustainable.’

The following student recognized that a minor in green engineering may be an avenue to

their environmental sustainability career goal.

Participant 111 “That's the goal. I guess the first step for me now is getting a minor in

green engineering. So hopefully, as I move into a career, I'll like to keep that in mind and

work to improve that and wherever like path or path and take the future.”
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Students identified working in environmental sustainability as a goal, dream and also
dependent on where their career takes them. This revealed that students are interested, and even
though they are unsure how this will play out within their future career opportunities, they do

consider environmental sustainability a factor of their career success.

49 SUMMARY

Findings from this research indicate that of the engineering undergraduate students
interviewed, many are thinking about sustainability in some fashion. All of the students
interviewed do have some level of interest in sustainability, which was derived from multiple
different types of learning experience, at times occurring during their pre-college years along
with experiences in during their undergraduate years. In addition, multiple students could
identify ways in which they would like to address sustainability issues in their careers, though
monetary reward is also on their minds.

All twenty-five students interviewed indicated they believe engineers can address
environmental sustainability issues, also displaying their own confidence in their personal
impact. They identified ways in which they, as future engineers, may contribute to an area of
environmental sustainability. Students mentioned areas such as hydroelectric power, solar energy
and wind power, manufacturing processes, environmental data collection from satellites and
recyclables. In addition to monetary reward considerations, students also expressed that making a
positive contribution is important in their future careers. There may be a misperception that a
career in environmental sustainability may not be financially lucrative.

In terms of learning experiences, some students mentioned pre-college exposure through

camps, Boy Scouts, or self-directed learning. Academic learning experiences were impactful,
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students mentioned various undergraduate courses where they have been exposed. The
Introduction to Green Engineering course was specifically stated, though many students
recognized the integration of environmental sustainability elements into other courses through
videos, discussions of current events, guest speakers and projects. Internships expose students to
real-life aspects of sustainability initiatives, oftentimes leading to a future position within the
company.

Most students expressed a personal desire to contribute to an environmental sustainability
cause in their future careers, though some acknowledged that at this point in their undergraduate
studies, they were unsure exactly how they would do so. Many felt that they could make a
positive impact in the world by contributing, seeing it as a noteworthy factor in their career
aspirations. This is promising because engineers are trained problem solvers and future engineers
would be excellent candidates to tackle sustainability related issues.

The change or progression of interest in environmental sustainability differed amongst
participants, ranging from little interest to some interest when students began their undergraduate
years. The evolution was documented with the following three examples:

Scenario 1: This student arrived at Virginia Tech with little interest in environmental
sustainability, an interest started to blossom while taking courses, and now the student envisions
contributing to environmental sustainability with a future career in the automobile industry.

Scenario 2: In this instance, this student knew about environmental sustainability before
starting their undergraduate program, but there was no plan to pursue it. They began taking
courses and their mindset began to change. They now intend to contribute to an environmental

sustainability initiative by designing efficient wind turbines in their future career.
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Scenario 3: This student did have a slight interest in the environment prior to arriving to
campus, but didn’t make a connection until attending Virginia Tech. Their interest increased
after taking some courses and they plan to work on improving alternative modes of
transportation after graduation.

Although the progression differs in each scenario, each student identified that there was a
change that occurred during their time at Virginia Tech. This information will be useful to
inform the university of experiences that students believe are impactful and support the
enhancement of environmental sustainability initiative at the university.

Overall, a combination of pre-college experiences, academic coursework, extracurriculars
and internships, all influenced the student’s career choice in this field. Although family influence
was insignificant, informal conversations amongst family members may have sparked some
interest in the area. Students recognized the important roles that their peers, professors, and
mentors each play in shaping their future career path.

Results from this study imply that there is a need for more exposure to environmental
sustainability concepts in engineering programs to help inform students of opportunities and

ways they may personally contribute after graduation.
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CHAPTER FIVE — DISCUSSION

5.1 INTRODUCTION

This exploratory study investigated the environmental sustainability career interests of
undergraduate engineering students by gaining a greater understanding of how learning
experiences in undergraduate education, and the impact these experiences may have on future
career choices, as theorized by the SCCT. Information gathered from this study sheds light on
students’ interests in environmental sustainability and future career interests. This data may lead
to the deliberate development of curriculum that supports additional environmental sustainability
initiatives.

During the interviews, students identified impactful learning experiences during their
undergraduate years which influenced their interest to pursue a career in environmental
sustainability. This research is important partly because societally, we have experienced a shift
since the pandemic began transforming how people work, why they work and where they work
(Global Green Skills Report 2022, n.d.). The Great Reshuffle, as it has been referred to by
LinkedIn:

“is an unprecedented moment in history where we are reimagining the future of work.

People are actively acquiring new skills and pursuing new ventures and employers are

reinventing business models and creating new markets. This upheaval, which typically

may play out over the course of decades, is being compressed into a couple of years”
(Global Green Skills Report 2022, n.d., p. 3)

Amid this great career reshuffle, along with the COVID pandemic and the current climate

crisis, we are faced with an opportunity to transition our society to a green economy, addressing
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the climate change warning. Achieving collective global climate targets is a colossal challenge
and the undertaking is going to require a shared effort to make it happen.

Our current undergraduate engineering students identified opportunities in which they
can be change agents and tackle these monumental global climate initiatives. Results from this
study provide insight into dynamics that inspire career choices. Students’ learning experiences
may provide exposure to global issues that need solutions. Factors identified in this study could
be considered and integrated into future environmental sustainability research, outreach, and
initiatives. Engineering educators can expose students to environmental sustainability learning
experiences within their curriculums, which could result in increased interest in pursuing a career
in environmental sustainability. These experiences could be shared amongst other engineering

education communities to promote integrating environmental sustainability in their curriculum.

5.2 SCCT AS THEORETICAL LENS

Each construct of the SCCT was considered for this study, though the learning experience
construct was prioritized. While identifying different types of learning experiences, the
relationships with the other constructs were important as they also contribute to the formation of
future career interests. As supported by Lent et al., (2005), the SCCT emphasizes three areas of
career development: (1) how academic and career interests develop, (2) how educational and
career choices are made and (3) how academic and career success is achieved. Results from this
study are anchored by each of these three areas and are highlighted in the following sections.

Many students began their college journey with pre-existing excitement about
sustainability, which if fostered and further developed, these engineering students may build

upon this passion. As Sultana (2014) mentioned, there are many pertinent factors that are
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considered when making decisions about future careers. Exposure to different types of learning
experiences may enhance this decision-making process.

There are many contributing factors considered when considering a career. Overall,
students mentioned that a combination of pre-college experiences, self-directed learning, and
formal academic experiences have shaped their paths toward embracing environmental
sustainability and choosing their future career path. This emphasizes the value of a well-rounded
approach to sustainability education, integrating real-world exposure with personal interest, and
structured academic learning. The learning journey is an active process, acquiring information
and integrating with existing knowledge acquired along the way (Korte et al., 2007).

Students identified environmental sustainability predispositions they acquired prior to
beginning their undergraduate engineering programs, identifying background and environmental
influences. Students begin their undergraduate engineering programs with varying background
and interests in the area of environmental sustainability and the level of exposure also varied by
participant. It is clear from the data that some students were already exposed to environmental
sustainability. For example, Participant 109 mentioned learning about maintaining the
environment while in the role of a camp counselor, learning about how humans and nature
intermingle. Likewise, Participant 124 talked about their experience in Boy Scouts when they
learned about erosion and runoff, and Participant 108 mentioned an impactful volunteer
experience at a camp, growing their interest in environmental sustainability. It may be inferred
that precollege exposure to hands-on outdoor experiences is impactful on learning and may also

develop future career interests (Temes, 2016).
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5.3 LEARNING EXPERIENCES

Students value experiences that are significant to their potential career decisions (Brown
et al., 2004). Students identified multiple environmental sustainability learning experiences in
their undergraduate years including coursework, co-curricular and service-learning as impactful.
As students’ academic journey progressed from pre-college experiences to their academic
pursuits at Virginia Tech, the study continued to identify various types of learning experiences
with sustainability elements, including coursework, internships, and extracurricular activities.
These findings stress the importance of a multidimensional approach taken by educational

institutions like Virginia Tech, instilling sustainability knowledge and skills in their students.

5.3.1 CLASSROOM

As the results of this study highlighted, a conversation needs to be initiated related to how
undergraduate engineering students at Virginia Tech are exposed to environmental sustainability
within their coursework and how this exposure may influence their career interests in
sustainability-related fields. Coursework has a role in shaping students' perspectives and choices
regarding sustainability, which is consistent with other research in a formal educational settings,
such as students’ interests in computing careers (George et al., 2022).

As the findings uncovered, students' experiences varied in degrees of exposure to
environmental sustainability within their engineering courses. Some students expressed that
although sustainability concepts were often not the focus in their engineering courses, concepts
were oftentimes introduced with alternative methods, such as videos, external resources, or guest
lectures. This suggests that while sustainability may not be a core component of every

engineering course, many instructors aim to incorporate it into the curriculum in creative ways as
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it fits within their curriculum. This approach to sustainability can be integrated in this fashion
into the different engineering disciplines.

Results advise that maybe some students arrive to college with knowledge and
excitement for sustainability and can contribute to conversations within educational settings.
This can be leveraged by professors to create a deep and active learning environment within the

academic setting.

5.3.1.1 Intro to Green Engineering Course

As may have been expected, the "Intro to Green Engineering" course emerged as a top
source of “exposure by design” to environmental sustainability, covering a variety of
environmental sustainability topics. This dedicated course served as an option to obtain a general
introduction to sustainability within the engineering curriculum, while also fulfilling a course
requirement to obtain a minor in green engineering. Although not required within the core
engineering curriculum at Virginia Tech or in many university programs, this course proved to
be impactful to students. This may be an opportunity for other colleges to embrace a comparable

type of initiative.

5.3.1.2 Foundations of Engineering Courses (ENGE1215 and ENGE1216)

Foundational engineering courses are common in most undergraduate engineering
programs, though variations exist in the content covered (Reid et al., 2018). These introductory
courses provide a foundation for many different engineering concepts and may be an ideal

platform for introducing environmental sustainability. From a pedagogical standpoint,
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environmental sustainability falls under global interests in the taxonomy of first year engineering
courses. “A taxonomy as a tool is often employed in educational settings to provide instructors
with a catalog of student learning objectives and the assessment of the outcomes (Reid et al.,

2018, p. 3)”.

Several participants mentioned that they recall exposure to environmental sustainability
in their ENGE1215 and ENGE1216 courses, Foundations of Engineering. These foundational
required courses provided opportunities for students to engage with sustainability-related topics
through group projects. Multiple students mentioned these foundational courses, representing
that they play a key role in introducing sustainability notions to undergraduate engineering
students in the early years of their college education.

Katz et al., (2020) conducted research exploring challenges associated with first-year
engineering curriculum enhancement in the context of ethics infusion. Although environmental
sustainability was not the focus of this study, the results from the study on ethics and
recommendations are relative to the discoveries from this study. The challenges associated with
the integration environmental sustainability learning experiences and the infusion of ethics in the
Foundations of Engineering courses at Virginia Tech are similar. As stated by Katz et al., (2020),
“Instruction relies on a small number of passionate faculty, and development of core faculty in
ethics remains an exception rather than the norm (Katz et al., 2020 p. 2)”. This statement is
consistent with some of the challenges associated with integration environmental sustainability
learning experiences in undergraduate engineering courses. Results and recommendations from
Katz et al., (2020) indicate that by improving assignments and enhancing student learning,
improvements are possible. This information is also relevant for the integration of environmental

sustainability learning experiences.
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5.3.1.3 Influence of non-engineering courses:

Engineering ethics courses often encourage students to think critically about the ethical
implications of their work, including environmental and aspects, as participant 113 highlighted
this experience in an ethics course which presented an opportunity to reflect on environmental
sustainability implications. As found by Katz et.al, (2020) while conducting research at Virginia
Tech exploring how to overcome challenges to enhance a first-year engineering curriculum, “At
the department level, ethics instruction is not consistently valued by all instructors, because each
comes with a different set of assumptions about what and how students should learn (Katz et.al,
2020, p.9)”. Based on this student’s quote from this study, it was enlightening to learn that there
was evidence, as communicated by this participant, that environmental sustainability stood out in
the context of ethics in this course. This is important because as stated by Bielefeldt et al (2020)
while researching ethics education of engineering students, “It is unclear the extent to which
environmental and sustainability ethics are integrated into engineering education across different
disciplines (Bielefeldt et. al, 2020 p. 685)”. Results from this study did indicate that of the
respondents who taught various ethics and societal impact topics in their courses, they reported a
high level of sustainability and/or sustainable development coverage, ranking as the number one
topic in this area. These results align with previous literature written by Price & Robinson
(2015), engineering educators can both instill the principles of sustainable design and also cover
the necessary knowledge needed for the future engineer by integrating sustainable design
practices (Price & Robinson, 2015).

The results are enlightening and do show that educators are integrating environmental
sustainability in their courses. Environmental sustainability, even if only mentioned briefly in a

course, can pique students' interest which may then cause the student to explore environmental
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sustainability concepts in other areas. This emphasizes how just a glimmer of environmental
sustainability can nurture a sense of responsibility among engineering students regarding
sustainability issues. This is supported by the Bielefeldt et al. (2020) study where findings
revealed that sustainability was a common topic mentioned when exploring ethics and societal

impact topics.

5.3.1.4 Optional opportunities

Several participants talked about experiences where environmental sustainability was not
a mandatory component of their coursework, though students had autonomy to incorporate if
they chose. This implies that even in courses where sustainability is not a primary focus, if
students have a strong personal interest in sustainability, they actively seek opportunities to
incorporate it into their projects and assignments. This shows how students take the lead in
shaping their own environmental sustainability learning experiences with student-driven
creativity. As Sulich et al., (2021) pointed out, a future career in environmental sustainability can

provide an opportunity for these students to invest in societal issues and contribute to solutions.

5.3.2 Campus Culture and Environmental Awareness

Although the core engineering curriculum at Virginia Tech may not strongly promote
environmental sustainability, students expressed that it is evident that Virginia Tech values and
appreciates sustainability, as students identified the culture on campus as evidence. This
awareness expressed by students signifies the importance of exposure to environmental

sustainability outside of prescribed coursework.
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The findings suggest that the span of exposure to environmental sustainability in
undergraduate engineering courses at Virginia Tech differs. Some undergraduate engineering
courses directly address sustainability and others indirectly, giving students the opportunity to
choose their own level of engagement based on their interests. The impact of the mentioned
ethics courses and foundational engineering courses on students' awareness of sustainability is
evident, encouraging curiosity to pursue additional learning experiences. Educators can utilize
these results and enhance sustainability education within their engineering curriculum to

cultivate students' interest in pursuing careers in sustainability-related fields.

5.3.3 Internships

Participants 105 and 120 highlighted the importance of internships in shaping future
career interests. As participant 120 expressed, their experience in a manufacturing internship
with a sustainability focus provided an opportunity to contribute to sustainability efforts by
finding a solution that contributed to a reduction in bottled water usage with autonomy to
innovate. This real-world learning experience may inspire their career choice after graduation,
aligning with Barron et al. (1998) who emphasized value in integrating problem-based learning
opportunities. Participant 105 shared a similar internship experience at Pepsi working on the
sustainability resource conservation team, as pivotal to their future career interest and sparking
an increased interest for environmental sustainability. Rothman et al. (2016) found while
investigating the impact of internships on future career aspirations for business students, that
about half of the students surveyed had a desire to pursue a career related to the internship
experience, featuring how student internship learning experiences help cultivate career goals.

Outcomes from this study also indicated “The experience of an internship not only showcases
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job functions and industries for career fit but also exposes students to lifestyle factors that may
be important from an individual career planning perspective” (Rothman et al., 2016 p. 1009).
Likewise, Kapoor et al. (2019) explored undergraduate computer science student internship
experiences. One recommendation from this study was “We highly recommend that students
pursue at least one CS internship prior to completing their CS degree program” (Kapoor et al.,
2019 p. 857). Findings from Rothman et al. (2016) and Kapoor et al. (2019) for business and
computer science students respectively, were like findings from this research indicating the

importance of student internship learning experiences when considering future career choices.

5.3.4 EXTRACURRICULARS

Virginia Tech provides extracurriculars that students find impactful, contributing to the
overall student experience during their tenure as an undergraduate engineering student. The
following example supports the second aspect of SCCT’s aspect of career development, “How
are educational and career choices made?” Participant 117 mentioned, “That's precisely why I
chose to attend Virginia Tech — because of my deep interest in sustainability. I was drawn to the
opportunity to be a part of the wind turbine team, and now, I'm actively involved. It's incredible
how universities offer avenues for students to engage directly in sustainability initiatives. Wind
energy is a clean and renewable source, and I'm proud to contribute to it.” This student described
how their personal values aligned with their choice of university. This example shows how
learning experiences beyond the classroom are impactful. This participant then further describes,
“It’s not just about studying sustainability, it’s about living it.” Involvement with working on
real-world issues not only creates a sense of engagement, but a sense of belonging during their

campus years. Arnima et al. (2019) identified that some types of learning experiences may be
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best for extracurricular opportunities outside of the classroom, where time constraints may not be

as relevant, as in this participant’s mention of the wind turbine team.

5.3.5 Self-directed learning

Participant 118's approach to learning about environmental sustainability through
documentaries highlights the impact of self-directed learning as displayed when participant 118
shared that they learned about environmental sustainability by watching documentaries.
Technology today provides multiple platforms for students to self-educate themselves about
issues such as sustainability issues. This self-directed platform is influential for self-governing
learning. “Self-directed learning can be seen as an automated approach where learners drive
more ownership of their learning process, and technology plays a key role in supporting this
approach” (Sharma et al., 2023, p. 229). The research conducted by Sharma et al. (2023) sought
to develop a framework to better understand the effects of self-regulated learning. The research
team identified three major sections; tools and techniques related to self-directed learning,
implementation aspects from the adoption and attitude of the users, and stakeholder’s perspective
(Sharma et al., 2023).

Learning experiences are key to career development and students value experiences that
help to shape their future career paths. Educators and students alike are stakeholders in self-
directed learning (Sharma et al., 2023) Educators are able to encourage students’ interest in
environmental sustainability related areas by talking about supplemental materials that students
can access outside of the classroom, such as videos, books, websites. Perhaps introducing each

medium as part of a class project or assignment as the lead for student to self-engage.
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5.4 INTEGRATION OF ENVIRONMENTAL SUSTAINABILITY IN ENGINEERING
EDUCATION

Professors in undergraduate engineering courses were influential when students
considered a future career choice in sustainability. This could be either by design, professors
allotting time in their curriculum for outside speakers to share their experiences with students, or
by professors sharing their own knowledge of environmental sustainability. This is supported by
Faitar et al. (2013), “Faculty members, curricula, school activities, and school facilities also
affect students’ career decisions through teaching style; pedagogical skill; the quality of course
delivery, course design, and content; and the quality of the activities and facilities available”
(Faitar & Faitar, 2013 p.75). When Polmear et al. (2020) investigated engineering ethics and
societal impacts instruction, they stated that many faculty described their own learning
experiences as undergraduate and graduate students, both in curriculum and cocurricular, as
impactful on their decision to teach ethics and societal impacts (Polmear et al., 2020), consistent
with the results of my study exploring students’ environmental sustainability learning

experiences and future career interests.

Many of the participants illuminated the importance of integrating real-world
illustrations, like the Inflation Reduction Act (IRA), into academic coursework (United States
Congress, 2023). The IRA was signed into law in 2022 and one of the objectives pertains to
environmental sustainability and also mentioned by the students, was to build American clean
energy supply chains, by incentivizing domestic production in clean energy technologies like

solar, wind, carbon capture, and clean hydrogen (whitehouse.gov, 2022).
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The students expressed their understanding of how such polices shape environmental
sustainability initiatives to real world implications. These types of learning experiences show
evidence that relevant exposure in the classroom setting is impactful. Students have a budding
attentiveness to curricula that are relevant in addressing real-world issues and this may be the
only exposure a student has to environmental sustainability if they do not take part in co-
curriculars. Place-based learning, or connecting what students learn in school to real-world
challenges or opportunities, was suggested by Guerra, (2017) as a pedagogical change toward
action-oriented learning. Participant 117 connected analyzation of the IRA to the triple bottom
line, showing that students are comprehending and connecting environmental sustainability
concepts. This relevant real-world exposure may encourage students to pursue careers that align
with interconnected sustainability goals. Course design often incorporates current events to allow
students the opportunity to wrestle with real-world problems (Lesar et al., 2012). There is value
in integrating current events into academic discussions, reinforcing the positive impact of
classroom exposure. As participant 110 also mentioned, the IRA and its focus on renewable
energy and pollution reduction have aligned with their future career ambitions. As expressed by
the student, these aspirations are due to the combination of environmental sustainability exposure
and experience through their internship. Although this student is passionate about environmental
sustainability, the availability of the position may have also contributed to their acceptance of the

offer.

121



5.5 ENVIRONMENTAL SUSTAINABILITY CAREER INTEREST

Participants identified a gamut of interests and ways that they could address
environmental sustainability with their future engineering degree, in contexts such as improving
life quality. Students identified topics such as designing environmentally friendly medical
devices, pollution reduction, land and water preservation, renewable energy areas such as
hydroelectric power, solar energy and wind power, manufacturing processes, environmental data
collection from satellites and recyclables to name a few, highlighting the interdisciplinary locus
of environmental sustainability. This signifies that collectively, the students recognized that there
are multiple ways to address environmental sustainability issues in their future careers,
regardless of their engineering major. It is inspiring to witness students actively thinking about
creating solutions for environmental sustainability issues.

Students connected their interests, exposure, and potential career paths in environmental
sustainability. For example, data acquired from participant 111 revealed a connection between
exposure to environmental sustainability prior to college, then in introductory courses and a
potential career path in environmental sustainability. Participant 111 shared that they were
exposed to composting and recycling during their childhood, then exposed to environmental
sustainability during coursework, specifically during civil introductory courses. This student also
expressed that they would like to work on alternative modes of transportation in their future

carcer.
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5.5.1 CHANGE IN INTEREST

Data reveal patterns that identify there was a gradual change in interest by some of the
participants. The rate of the change and the duration of the change in interest varied amongst
participants. While instances of change in environmental sustainability interest were revealed, it
can be recognized that experiences along the learning journey are relevant, and each experience
can contribute to career development. These data align with the first SCCT aspect of career
development “How academic and career interests develop.” For instance, participants 112 and
125 both identified impactful experiences in their academic careers that grew their interest,
solidifying a desire to pursue a career addressing environmental sustainability issues.

Participant 112 made a connection between learning about groundwater in a watershed
course to the importance of the environment. The student also identified their professor and guest
speakers as impactful. These experiences further sparked their interest in environmental
sustainability and allowed the student to envision a career in this area. Participant 125 shared that
their interest changed because of multiple different types of environmental sustainability learning
experiences. Over time, environmental sustainability slowly became part of their subconscious.

In conclusion, professors directly and indirectly influence students, inspiring interest in
environmental sustainability. Data from this research identifies learning experiences, such as
extra-curriculars, internships, coursework, and guest speakers, as associated experiences when a
change in interest occurred. These results provide pertinent information for course development
to further foster these learning experiences. These results align with Polmear et al.’s (2020)
findings which identified that professors themselves were impacted by their own learning
experiences as students. This further connects the impact of learning experiences in

environmental sustainability.
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5.6 MOTIVATIONS FOR CAREERS IN ENVIRONMENTAL SUSTAINABILITY

Students in general have high expectations for themselves in terms of their future career
and students in this study also spoke of a desire to make a difference and contribute to solutions
for environmental sustainability issues. Self-efficacy was highlighted throughout the
conversations in this study which is promising. Making a difference along with monetary reward
were motivating factors expressed by the participants. These data align with the third aspect of

SCCT’s aspect of career development, “How academic and career success is achieved.”

5.6.1 SELF-EFFICACY

It is inspirational to see that of the students interviewed all have confidence that engineers
can find solutions to sustainability related issues. The data reveals that not only do students think
that engineers in general are equipped to tackle environmental sustainability issues, but students
also see themselves, as future engineers, as equipped to do the same. These results indicate the
high level of self-efficacy displayed by the participants which is hopeful, because as stated by the
SCCT, self-efficacy expectations precede interests, choice goals and choice actions, indicating
since the students believe that they can contribute, that they likely will contribute. The data
reveal patterns related to some students’ desire to make money while making a difference.
Alexan (2022) found that intrinsic, social, and financial motivations ranked high ranking when

they researched student motivations around engineering discipline choice.

A similar finding related to financial motivation was found by Labib et. al, (2021) while
they investigated student motivations to pursue engineering, echoing the sentiment of the
students interviewed in this research and the research by Alexan (2022). They found that most of

the students who took part in the study were inclined to think that engineers are well-paid,
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aligning with the same monetary sentiment of the students interviewed in this research. Most of
the students surveyed also indicated that they chose engineering as a major because of the role it

can have on improving the way of life.

5.6.2 MAKE A DIFFERENCE

Results from this study indicate that students want to make a difference in the world.
Students expressed that although having a job is important, they would like a job that aligns with
their personal values. As future contributors, the students seem to have an awareness of the
importance of environmental sustainability, and they’d like to be a part of environmental
sustainability solutions. As expressed by participant 122, knowledge of environmental
sustainability can be versatile, and this student is hopeful that they can practically apply their
knowledge to have a lasting impact. The vision of the participants is inspiring, they are thinking

about their place in the career world in the context of environmental sustainability.

An observation worth detailing, many students were able to identify how they may
contribute, though they didn’t see a clear path to do so. This may be because the students are at
different points in their undergraduate programs, and some of them still have time before they
begin their post-graduation career search, or they haven’t decided. Either way, these results
present an opportunity for university undergraduate engineering programs to increase exposure

to sustainability-focused engineering profession related topics.

5.6.3 MONETARY REWARD

Although the undergraduate students interviewed in this study are motivated to make a

difference in the world, money is still on their minds. While acknowledging money as a portion
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of success, most of the undergraduate students interviewed would like to employ their passions

in their future careers in some way, as expressed by participant 103 and 109.

“Economic motivation is an impulse that arises from within to increase financial or financial
needs” (Ardiyanto, 2021, p. 2251). As Nilan et al. (2019) found while interviewing a group of
university students, aged 21-22, higher salaries may outweigh other motivations, aligning with
Participant 103’s mention of the importance of financial rewards while also placing an emphasis
on making a difference. Although not a common trend found in this research, this participant
also expressed that they may be willing to accept a position which pays less if the tradeoft is
meaningful work, “I know this is gonna sound really bad, but I mean, money is the driving factor
and all of that, but at the same time, 1'd rather have a job that I know that I'm making an impact
in and take a pay cut for it, you know, and so, I think as long as I walk at the end of my career,
and [ retire as long as I can look back and say that I made an actual impact, a good impact on
the world, then I'd be more than happy,” demonstrating an intrinsic connection to career success.
This view demonstrates that many of the students identified a successful career as one that

provides monetary reward also while contributing to the greater good.

In contrast, participant 109 expressed that financial stability is an expectation after
graduating with an engineering degree and pursuing their first post-graduation career. Nilan et al.
(2019) found a similar trend that students may also have other motivations, meshed along with
their financial considerations. Nilan revealed, “At the personal level, they were also concerned
about under-employment, low income, low social status and family disappointment if they did
not maximize the benefits of their degree in environmental engineering” (Nilan et al., 2019,

p.1779).
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The view of future monetary rewards aligned with most participants, indicating that they
would like to address environmental sustainability issues in their careers while being

compensated accordingly.

5.6 SUMMARY

In summary, the multifaceted nature of students' career choices in environmental
sustainability is an undeniable reality. A student’s decision-making process is clearly influenced
by many factors, each playing a distinct role. The influences motivating students to pursue
careers in environmental sustainability are complex, and this study illuminated several key
aspects that play a role in shaping students’ career decisions. In particular, the students
considered personal values, environmental sustainability learning experiences and monetary
gains when thinking about a future career in environmental sustainability. There may be a
misperception present that a career in environmental sustainability will not yield a satisfying
monetary gain.

The exploratory evidence in this discussion section indicates there is room for further
research in this area. Although the results from this study did not indicate that learning
experiences were the only factors that contributed to student career interests, results did reflect
that exposure to environmental sustainability in various settings did spark or increase an interest.
In the undergraduate educational setting, the knowledge gained, and opportunities encountered
greatly contributed to the student's inclination towards considering a future career in
environmental sustainability. Students were also able to make a connection between their future
engineering degree and how it could be utilized to tackle issues related to environmental

sustainability.
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The data revealed that students do see themselves as engineers, paired with adequate
corresponding salaries while making a difference. The students have a desire to make a
difference in the world, though money was a factor in most cases. This essential notion reflects
on the student’s enthusiasm and willingness to work on environmental sustainability issues, as
long as they are adequately compensated for their efforts.

This research presented both strengths and limitations. The student recruitment process
was almost seamless, having unwavering support from the chair of the green engineering minor
program during the process. Participant response rate was high, perhaps because students were
interested in talking about their experiences or because they were incentivized for their
participation. The virtual format for data collection through zoom provided flexibility and
logistical ease. The choice to interview students enrolled in the green engineering minor may
have been a limitation due to their inherent biases and preexisting biases and interests in
environmental sustainability.

Future research will be beneficial to support the development of new strategies, including
and beyond learning experiences, to encourage students to address sustainability related issues in

their future careers. Recommendations will follow in chapter 6, conclusions, and implications.
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CHAPTER SIX - CONCLUSION AND FUTURE WORK

6.1 CONCLUSION

Findings from this study align with three critical elements of career development, as
defined by Lent et al. (2005): how educational and career interests develop, how educational and
career choices are made, and how academic and career success is achieved. These findings
provide insight into the motivations that steer students in the direction of environmental
sustainability. There is evidence of an impact of certain types of learning experiences and
motivations to pursue careers in environmental sustainability, as examined through the student
interviews and aligning with the constructs of the SCCT.

Likewise, my findings show that undergraduate engineering students are excited about
opportunities to address environmental sustainability issues in their future careers. Learning
experiences prior to and during their undergraduate years have been impactful, from pre-college
summer camp, family outings picking up trash and both pre-college and college classroom
experiences. A full integration throughout the curriculum may not be necessary, just one great
learning experience may inspire an interest to pursue a career in environmental sustainability.

Additionally, results from this research suggest that multiple types of learning
experiences are impactful when engineering students are considering future careers, though other
factors are also at play. For instance, making a difference in the world is important though salary
remains a significant component when students consider what they may want to address in their
careers. The findings point to a potential gap between students' misperception of a career in

environmental sustainability and a lucrative salary.
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Overall, findings from this research add to the wealth of research already done on the
impact of learning experiences for undergraduate engineering students, contributing further to a
connection between these learning experiences and career interests in environmental
sustainability.

Furthermore, and in terms of faculty, internal alignment through professional
development, and communities of practice, faculty recognition for efforts would be beneficial.
Results from this study indicate that students are aware of the level of faculty’s understanding of

environmental sustainability.

6.2 RECOMMENDATIONS

6.2.1 ENHANCED CURRICULUM DEVELOPMENT

There is an opportunity for engineering educators, regardless of subject, to deliberately
integrate environmental sustainability learning opportunities in their curricula. Expose students
to real-life challenges and encourage students to work on solutions, integrating current events
into coursework. Several students from this study mentioned current event discussions as
impactful. Intentionally introduce environmental sustainability concepts across engineering
disciplines, using the insights gained from this study to promote partnerships between

engineering and non-engineering departments.

6.2.2 FACULTY DEVELOPMENT

Based on student perspectives such as the following student response, “But over the past
couple of years, it does feel like we're going to talk about sustainability in a course that does not

revolve around sustainability, it’s transferred to a YouTube video... ] propose the creation of a
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professional development program incorporating an active community of practice (CoP). “CoPs
are an efficient strategy to gather faculty members committed to teaching and learning activities
while creating a safe and trusting environment.” (de Carvalho-Filho et. Al, 2020 p. 148). Faculty
development is vital for fostering environmental sustainability initiatives within higher education
institutions. This dynamic space will bring faculty members together to share ideas and discuss
their personal experiences with environmental sustainability, learning experiences integration in
their courses. Implementation of this platform will allow faculty to learn from best practices and
provide support for each other. This CoP will support the journey to an academic environment
with increased awareness and focus on environmental sustainability, with a potential to move the

needle.

6.2.3 SUSTAINABILITY INITIATIVES

Findings from this study point to an opportunity to further expose students to
environmental sustainability outside of the classroom. I propose an increase in sustainability
initiatives on campus which also connect to the local community, teaching students about green
practices and instilling a lifelong interest in conserving the planet. Partner with local businesses
and collaborate on environmental sustainability efforts striving to reduce waste and conserve
energy as an extracurricular. Multiple students pointed out an environmental sustainability
learning experience they had during an extracurricular activity. The following findings support
this proposal “Actually, I came to Virginia Tech because I was interested in sustainability. I went
as soon as I came. Before even applying to Virginia Tech, I contacted the Virginia Tech wind
turbine team to see what it was about. I'm actually on the team now. It's where I'm wearing this

shirt, but I'm going to be going to present for that team. So yeah, that's why I came here.”
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6.2.4 MENTORSHIP AND CAREER GUIDANCE

Results from this study reveal that mentors are positive role models for promoting
environmental sustainability, supported by the following finding “I would say this past summer
with my [internship] mentor definitely helped me get a better understanding of what it is 1
probably want to do in the future though. It's still a little unclear. But it definitely helped narrow
down my path a little bit more because I liked what we did, and I was very interested. I just
wasn't sure if working in policy was my main thing. So, I would say he was a big influence.” 1
propose the creation of new mentorship opportunities and provide networking opportunities
across engineering disciplines, connecting students with professionals who work on
environmental sustainability initiatives within their careers. This will not only help students
navigate their own career paths but will also connect the interest pool of students with

professionals within the industry who may have employment needs.

6.2.5 RESEARCH

To address global challenges, it is imperative that we, as an educational community,
actively continue research efforts in the area of environmental sustainability, learning
experiences and student career choices. This research helps educators shape their teaching
methods while also informing other higher educational institutions by disseminating the findings.
Ultimately, a more sustainably focused future is dependent on a generation of people who want
to make a difference in the world.

This research highlights the student’s perspective of environmental sustainability learning
experiences. Findings from this study can be utilized to further explore the impact level of the
different types of learning experiences mentioned by the students. This may help to identify a

benchmark for a successful learning experience.
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6.3 FUTURE WORK

Further research is needed to explore the long-term impact of sustainability education on
students' career trajectories and the effectiveness of different pedagogical approaches. By
continuously evaluating and adapting these programs, institutions can ensure that they remain
responsive to the evolving needs and aspirations of students.

SCCT would continue to serve as a desirable framework for the next portion of research,
focusing on the choice actions construct and performance domains and attainments constructs.
SCCT served as a suitable underpinning for this research and the constructs were operationalized
for many aspects of this research, including the development of the research questions, interview
protocol and data analysis.

It is advantageous to educate more undergraduate engineering students in the
environmental sustainability space. Results from this exploration are compelling enough to call
for added research in this area. Implementation of an intervention, such as an intentional
environmental sustainability learning opportunity integrated within coursework, may be helpful
identifying the impact the learning experience could have on career choice interests.

A future longitudinal study following the career paths of participants upon graduation to
learn more about their career journey would be beneficial. It would be beneficial to learn whether
they started in a sustainability career, evolved into a sustainability career, or did not pursue a
sustainability career at all. As SCCT supports, the choice actions construct follows the choice
goals construct as was explored in this current study. This proposed longitudinal study would be
the next step in determining whether undergraduate engineering students actually did pursue a

career in environmental sustainability after graduation.
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This proposed future research would be beneficial to the engineering education
community because it would identify whether the students who did follow through a career in
environmental sustainability also had an impactful learning experience during their

undergraduate tenure.
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APPENDIX A - PRE-SCREENING/RECRUITMENT QUESTIONNAIRE

Ql.

Q2.

Q3.

Q4.

Are you officially enrolled as a green engineering minor student?

Would you be interested in providing a gender by which you identify? (person inputs -
gender)

Would you be interested in providing your race and or ethnicity? (person inputs —
race/ethnicity)

Would you be interested in disclosing anything related to your disability identification?
(person inputs — disability/health status)
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