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ABSTRACT OF THE THESIS

Motivations Influencing the Choice and Pursuit of a Baccalaureate Engineering Degree for Low-
Income Transfer Students

By
Leo Salgado
Master of Science in Mechanical and Aerospace Engineering
University of California, Irvine, 2019
Professor Lorenzo Valdevit, Chair

Dr. Sharnnia Artis, Co-Chair

The transfer pathway in engineering disciplines, especially for low-income students, is often seen
as an opportunity to expand the science and engineering workforce, particularly when
transferring from a two-year community college to a four-year institution. This study focused on
low-income engineering transfer students’ motivational factors that led them to choose and

continue to pursue an engineering baccalaureate degree.

This studied used Eccles's (1983) expectancy-value theory of motivation as the guiding
theoretical framework to show the relationship between competence and value beliefs as the
motivating actions towards earning an engineering degree. This theory relates competence to,
“Can I earn an engineering degree?”” and task value beliefs to, “Do I want to earn an engineering
degree?” Twenty students (12 first-year and 8 second-year low-income engineering transfer
students) were interviewed about their experiences in engineering for this study. Additionally,
these twenty students completed a survey collecting data on their demographics, recognition,
social belongingness, performance, and value beliefs. Results showed that students mainly chose

iX



to pursue a baccalaureate degree in engineering due to financial rewards, family influences,
faculty support, and early interest. Furthermore, students’ motivation to continue to pursue an
engineering degree was attributed to prestige, engineering experiences acquired, financial and
academic support, faculty, and peer support, and gain of engineering knowledge throughout their

academic journey.

Two limitations of this study are: (a) the small size of the data, and (b) the belonging of the entire
data set to a very specific cohort. This cohort was provided with financial and academic support
to navigate through their studies. Based on the results of this work, several opportunities for
future studies are identified: (1) a longitudinal study to track students’ motivation and how that
motivation transitions over time; (2) a comparison of two-year community college students
transferring to a four-year institution who received financial support by applying for it versus
students that were provided with a full financial tuition package; and (3) a research study about
low-income engineering transfer students who do not belong to a cohort and are not receiving
financial support. Overall, this study helped explore the experiences of low-income engineering

transfer students’ and the motivations leading them to choose and pursue an engineering degree.



1. INTRODUCTION

1.1. Overview

Throughout most of the 20th century, the United States has been known for being one of the
most technologically advanced countries in the world. However, due to the low number of
science and engineering (S&E) degrees conferred, it appears to have fallen behind other
countries. The “America’s STEM Crisis Threatens Our National Security” (2019) report
highlights that “Americans’ basic STEM skills have modestly improved over the past two
decades,” but the country “continue(s) to lag behind many other countries” [1]. Furthermore,
India and China are producing almost half of the total science and engineering degrees (S&E)
globally. By comparison, the United States is only producing 10% [1]. In 2012, the President’s
Council of Advisors on Science and Technology (PCAST) Report, stated that to maintain a
preeminence role in science and technology the country needed to produce an additional one

million STEM professionals, requiring a 34% increase over current rates [2].

With an increase of 34% of the current rates needed annually for STEM professionals, the
United States must implement educational strategies to fulfill this need. These strategies include
increasing: STEM awareness, participation, retention, and graduation rates at the community
college and university level. Community colleges can contribute to providing future STEM
professionals, as community colleges lay a significant role in undergraduate education in the
United States. Additionally, community colleges attract students from various groups and
backgrounds encompassing different genders, races, religions, socioeconomic status, majors, and

underrepresented groups.



It has been noted that community colleges and four-year institutions have been experiencing
an increase in enrollment from various underrepresented groups. However, for low-income
engineering transfer students, an underrepresented group, graduation rates are extremely low
when compared to high-income engineering transfer students both at community colleges and

four-year institutions.

This study used mixed-method research, exploratory analysis, and grounded theory approach
to explore low-income engineering transfer students shared experiences to identify motivational
factors that led them to choose and continue to pursue engineering. The well-known Eccles’s
(1983) expectancy-value theory was utilized as the main framework for this study, in conjunction
with the engineering identity model previously validated by Godwin (2016) and a sense of
belonging, a model widely studied amongst underrepresented students by Hurtado and
colleagues. This study used the expectancy-value theory framework and the engineering identity
model due to the close relationship between attainment value to identities (Eccles, 2009) and
because both have been used to explain career-related choices [3], [4]. The incorporation of the
notion of a sense of belonging motivated by its identification as an influential factor in students’

motivation and engineering development, especially for minority groups [5]-[9].

Results showed key motivations for students to choose engineering are the perceived
financial rewards engineering offers, family influences, faculty support, and early interest. Their
motivation to continue to pursue an engineering degree was linked to prestige, engineering
experiences acquired, financial and academic support, faculty and peer support, mentoring,
tutoring, the engineering community, and gain of engineering knowledge throughout their

academic journey.



1.2. Statement of the Problem

Despite the need for STEM professionals to maintain leadership in the math and sciences
in the United States, more research to better understand low-income engineering transfer
students is needed. There is limited published research exploring the experiences of low-income
engineering transfer students who started at a two-year community college and transferred into a
four-year institution. Additionally, there is a limited amount of published literature regarding
low-income engineering transfer students’ motivation in choosing and pursuing engineering
baccalaureate degree attainment. Ultimately, the trajectory of low-income engineering transfer
students’ educational journey from community college to a four-year institution is considered a

complex journey that needs to be understood to increase retention and graduation rates.

Institutions have seen an increase in engineering enrollment from various
underrepresented groups. This is evident as the “traditional” transfer student is no longer the
majority [10]-[12]. Hence, academic infrastructure and student support need to be restructured to
better fit the non-traditional student, which can increase retention rates, minority representation,

and graduation rates.
1.3. Significance of the Study

This study offered some significant findings on motivational factors that influenced low-
income engineering transfer students’ decision to choose and pursue engineering. Firstly, this
study illustrated that students’ experiences contribute to their motivation through competence
and value beliefs, engineering identity, and a sense of belonging. Secondly, this study tried to
understand the complex journey of low-income engineering transfer students. Thirdly, this study

offered new understandings of low-income engineering transfer students’ participation at a two-
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year community college and the beginning of their academic journey at a four-year institution.
Lastly, this study highlighted important supportive academic factors and their importance that

influence the pursuit of a baccalaureate degree amongst low-income engineering transfer

students.



2. ENGINEERING TRANSFER STUDENTS

Students who do not attend a four-year institution directly from high school are most
likely to attend a two-year community college. Students that attend community colleges can
obtain a vocational certificate or an associate degree. Community colleges provide a pathway for
students to earn advanced degrees and they prepare students to transition to four-year institutions
[13]. Students who transfer from a two-year community college to a four-year institution are

known as transfer students.
2.1. Transfer Students

A transfer student is defined by The National Student Clearinghouse Research Center
(2017), as a student who traditionally attends a two-year community college and transfers to a
four-year institution. Students attending a community college have many educational paths.
Common educational paths are to earn an associate degree(s) and obtain a baccalaureate by

transferring to a four-year institution.

Some of the reasons why students begin their academic journey at a community college are
(@) cost of tuition: public and private universities are much more expensive, (b) class size: small
class size and less crowded lectures, (c) flexibility: typically designed to cater who have jobs or
family of their own, (d) lower expectations: students are not expected to be full-time or graduate
within two years and (e) student culture and campus life: no need to adjust to living in dorms or

participate in campus life.

Flexibility at the community college is often what provides students the ability to complete

their educational paths without a scheduled time for completion. For example, students at a



community college have the flexibility to enroll in as little as one class a semester. Students at a
four-year institution, students are expected to be enrolled in classes fulltime. Additionally, at a
four-year institution, students do not have the same flexibility due to the expected graduation
timeframe. Also, part-time students at the community college are common because a great
number of students must work in addition to attend school. Many community college students
are; first generation (42%), receive financial aid (46%) and are considered an underrepresented

ethnic group (45%) [14].

Approximately 20% of graduate students seeking a doctorate, attended a community
college, while 6% of these students earned an associate degree at a community college [13].
However, research also showed that transfer students have a lower completion rate towards
baccalaureate degree attainment [16]. Despite their community college preparation, 50% of
transfer students majoring in STEM majors will obtain a baccalaureate degree [15].
Additionally, 50% of the total number of engineering transfer students will graduate with an
engineering degree [17]. This is significant with engineering transfer students, as graduation
rates in the field of engineering are low [18]. Ultimately, community colleges can successfully
source many potential engineering students to four-year institutions if these students are properly

supported throughout their academic journey.

With all the research regarding community college students, there seem to be some missed
opportunities once these community college students transfer to a four-year university. Research
has shown that transfer students are often switching their majors upon transferring. This is
specifically true for, underrepresented and minority engineering transfer students are deciding to

drop or switch to a different field once they transition to a four-year institution [15], [17].



2.2. Underrepresented Transfer Students

Underrepresented and minority engineering transfer students consist of a subset group of
community college transfer students from underrepresented groups. These groups include low-
income students, minorities, first-generation students, and women in engineering. A high
percentage of women, who are often underrepresented in the fields of engineering, attend
community college, as a step to continue their education and eventually transfer to a four-year
institution [17]. Additionally, low-income and minority groups in the United States account for
52% of students who are pursuing an undergraduate degree, and 42% of them are enrolled in a

community college [10], [15].
2.3. Low-Income Transfer Students

Community college appeals to many low-income students as studies have shown that
students from a low-income background are at a disadvantage due to the limited economic
resources [11]. One of the main concerns for low-income students is tuition costs [19], [20]. A
lack of financial resources available to low-income students inhibits their option to solely focus
on their education. These low-income students tend to work at earlier stages of their academic
careers. Many of these low-income students find themselves working during high-school and are
more likely to work full-time during college. Working makes it difficult for these students to
fully focus on academics and increases the likelihood of not majoring in engineering or science
[19], [20]. Furthermore, low-income families often do not prioritize a college education for their
adult children. Instead, the goal is for their adult children to gain employment after high school

[19].



Despite all of these challenges, students from a low-income background have increased
their enrollment in college over the past decade [21]-[26]. Yet, even with an increased
enrollment for these low-income students, there continues to be a disparity among graduation
rates. For example, 10% of low-income students graduate with a four-year degree. However,
76% of high-income students graduate with a four-year degree [26], [27]. In a study of 50
undergraduate participants majoring in physical sciences or engineering, 92% were first-

generation or low-income students [22].
2.4. Transfer Student Sense of Belonging

In addition to several disadvantages, a major challenge that engineering transfer students
encounter at a four-year institution is a sense of belonging. A sense of belonging or seeing
oneself as socially connected is a basic human motivator [28], [29]. A sense of belonging
contributes to persistence, retention, and increases graduation rates [28]. However, a sense of
belonging is considered a difficult task to achieve among engineering transfer students [28], [30].
Additionally, engineering transfer students identify that a lack of sense of belonging is an

important factor in students’ decision not to pursue an engineering degree [28], [31].

The complexity of undergraduate engineering programs can create a lack of sense of
belonging among transfer students. This can create isolation for engineering transfer students
when they face challenges [28], [29], [31]-[33]. A lack of sense of belonging can influence
students’ ability to integrate into the engineering community [28], [31], [33], [34]. Further, it
influences students’ confidence in completing an engineering degree and contributes to students’
ability to develop and access support [28], [31], [35]. Studies have shown that low-income

transfer students struggle to form and participate in study groups, peer networks, academic



organizations [28], [30], [33].Without improving engineering transfer students' sense of
belonging they will continue to be underrepresented in the field of engineering. This can
potentially lead to a loss of a diversity of talents, as well as improve the socioeconomic status of
many low-income transfer students [22], [36]-[38]. Additionally, the United States will continue
to struggle in STEM leadership, as studies have shown that the increasing participation of low-

income students can potentially alleviate staffing shortages in STEM [36], [37].

Much research has been conducted on transfer students and underrepresented groups.
However, very little research examines low-income engineering transfer students who are
pursuing a baccalaureate degree. To better understand low-income engineering transfer students,
one must understand motivational factors. Additionally, one must see that the idea of a
‘traditional’ engineering student has changed. Engineering students in the past were: white
males, aged 18-24, middle class, and strong in math and science. Yet, research illustrates that
many engineering students at post-secondary institutions no longer fit the description of a
‘traditional’ engineering student. This is evident through low-income engineering students no
longer fitting the description of a ‘traditional’ engineering student [10]-[12]. Being categorized
by a mold, educational infrastructure needs to be re-evaluated to support the non-traditional

student category.
2.5. Low-Income Engineering Transfer Students Barriers

As engineering students no longer fit a ‘traditional” engineering student mold, the
engineering infrastructure must be re-evaluated. The engineering infrastructure is key to the
success of all engineering students. Additionally, it is most important for low-income

engineering transfer students, as they have a low retention level. Currently, the engineering



infrastructure is seen as an ecosystem discipline that consists of several subcategories. Each
engineering subcategory tends to form an ecosystem and a shared culture of its own. For
example, mechanical and civil engineering disciplines fall under the engineering major, but
students from each discipline tend to connect with students from their discipline. Furthermore,
each discipline has its admission process, overarching policies, design, and accreditation criteria
[39]. Research has shown that students’ demonstrated differences in preferred learning styles,
specifically women and minority students [40]. Some of these differences can be attributed to the
size of the classroom, student-to-faculty interaction, and course curriculum adjustment. Attrition
has been noted as a result of poor quality of teaching, advising, lack of student-faculty
interaction, and a sense of belonging. These are leading factors that cause student migration [41].
With all these differences it is difficult to ensure that low-income engineering transfer students

are fully supported and motivated in all fields of engineering.

Many studies have examined engineering transfer students’ motivation to continue to
pursue an engineering degree. One study that emerged from the APS found that engineering
transfer students were either persisters or non-persisters in their engineering degree attainment.
The difference between persisters or non-persisters was related to students’ motivation to study
engineering. Student motivation ranged from the influence of a parent or high school mentor to
their confidence in math and science or their intention to attain an engineering degree [42]-[44].
However, another study showed that students who chose to switch or drop their engineering
major were students influenced by their parents or academic advisors, choose engineering for
materialistic reasons or their academic achievements in math or science [32], [45], [46]. These
two studies show contradictory results, which illustrates that the support an engineering transfer

student receives may not be consistent support that the student receives throughout their

10



academic journey. This inconsistent support results in engineering transfer students changing
majors or dropping out of their undergraduate program. Furthermore, research has shown that
engineering transfer students who left their engineering studies but later resumed them were
influenced by friends, teachers, advisors, or professors [43]. Influence and support from others

are necessary for engineering transfer student success.
2.6. Summary

It is important to identify the key motivational factors that lead to low-income transfer
students’ decision to leave or switch from their engineering major. With more research about
low-income engineering transfer students, institutions will be able to implement or modify
existing programs with the intent to increase student retention and graduation rates. Studies have
shown some key factors regarding engineering transfer students changing their major or
dropping out to be; a lack of interest in the subject, misconceptions about the field, academic
difficulties, perceived inability to succeed in the field, conceptual difficulty, a lack of sense of
belonging [4], [47], [48]. From the student’s perspective, switching or dropping out from
engineering might be a reflection of the reasons transfer students originally chose engineering as
a major [4]. Additionally, choosing engineering might be based on students’ personal beliefs,
motivational factors, experiences, and influential factors. In the end, students’ decisions to
choose engineering as a major and the motivational factors behind students’ decision to choose

and pursue engineering have not been fully explored [4], [43].

11



3.REVIEW OF THE LITERATURE

This chapter synthesizes the literature that addresses relevant work and the importance of
identifying motivational factors of low-income transfer students. Furthermore, it identifies the
framework, relevant models used in this study. Overall, it emphasizes that motivational factors,
engineering identity, and a sense of belonging may shape transfer students’ experiences in ways

that contribute to choosing and pursuing engineering at four-year institutions.
3.1. Scholarly Topics

To support this study and provide a meaningful understanding of its context, three
scholarly topics of literature were reviewed: 1) motivation, 2) engineering identity, and 3) sense

of belonging.

The topics were selected to better understand what motivates students to choose and
pursue engineering degrees. Moreover, to increase retention, as it is vital to understand students’
goals, objectives, and the decision-making process. This is essential to create a diversified and

scholarly engineering workforce [4].

To better understand student motivation in engineering, interest in engineering needed to
be examined. Interest in engineering can vary from student to student. Some students are
interested in engineering because of; curiosity, personal beliefs, tinkering, a self-perception as
being creative, problem-solving, interest in a math or science, the need to care for others, or the
desire to be an engineer. Some of these interests in engineering become a students’ engineering
identity. Together, motivational factors and engineering identity seem to contribute to the

decision-making process of choosing and pursuing engineering. Additionally, a sense of

12



belonging plays a significant role in low-income engineering transfer student’s motivation,

identity, and persistence.

3.2. Motivation Definition

Several studies have identified the main reasons students reported leaving engineering.
These studies show that motivational factors are more important than academic factors in
retaining engineering students [47]-[49]. Focusing on motivational factors, student’s motivation
can be influenced via a family member, faculty member, by their community, academic
performance, materialistic or personal preferences. Further, motivation has been known to be a

determinant factor when it comes to choosing and pursuing a task, specifically engineering.

To understand motivational factors, the driving mechanism that pushes students to choose
and pursue engineering needs to be defined. According to the Management Study Guide (MSG),
motivation is defined as the needs, desires, wants, or drives within the individuals. Motivation is
considering a process consisting of three stages: 1) a felt need or drive; 2) a stimulus in which
needs must be aroused; 3) when needs are satisfied, the satisfaction or accomplishment of goals.
Additionally, motivation is considered a psychological phenomenon that can be influenced by
success, recognition, desires, and satisfaction. Motivation can be categorized differently
depending on the area that is being analyzed. To expand on the definition of motivation, it is
considered a “fundamental human need” like physiological safety, love, esteem, and self-

actualization [50]-[52].

In the context of this study, motivation encompasses an array of variables and is defined
as the means to “move”, as a form of action and is measured as the time spent on a task,

assessment of personality traits, and capture of various cognitive-based processes [50], [51],

13



[53], [54]. The interpretation of motivation itself could vary among individuals, therefore

research on motivation has led to the development of several motivational theories.
3.3. Motivational Theories

The development of such theories shows the importance of trying to understand the factors or
driving mechanism(s) behind individuals’ motivation that leads to their decision-making process
or engaging in a task. Modern theories of motivation have been developed based on beliefs,
engagement, control, attribution, values, interest, goal-driven, and achievement-related choices

[54].
3.3.1. Control Theory

In control theory, the expectancy of success is based on the ability to control one’s
success and failures, it emphasizes the idea that behavior is not affected by an external stimulus
[55]. The focus is to be able to understand individuals’ choices about pursuing engineering based
on the expectancy of success and other personal factors. A possible disadvantage of the control
theory is that it might not capture the entire domain as to why originally students choose and
continue to pursue engineering. It leaves out the fact that choosing and pursuing engineering

might originate or be influenced by students’ experiences.
3.3.2. Self-Determination Theory

Self-determination theory focuses primarily on choices individuals make without external
influences or interference [56], [57]. It is based on individuals seeking out optimal stimulation
and challenging activities due to the need for competence [54]. Competence is an important

factor, but it might be insufficient to determine the decision process of choosing to major in
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engineering. It must be acknowledged that when it comes to deciding on choosing to major in
engineering, an individual’s decision to choose engineering as a major might require
confirmation in their ability to complete tasks which leads to the expectancy of success, not a

failure. However, this theory does not include influential or external factors.
3.3.3. Flow Theory

Flow theory focuses on the state of concentration and engagement that can be achieved
when completing a task that challenges an individual’s skills [58]. The theory highlights an
important aspect of engagement and contributes to pursuing engineering after the decision of
choosing engineering has been made. Yet, the theory does not account for what led to choosing
engineering in the first place. One important aspect of choosing engineering as a major could be

that it was chosen based on previous interest or decided based on external influential factors.
3.3.4. Interest Theory

Interest theory focuses on the level of engagement due to personal preferences
individuals interact influenced by a particular content or due to a stimulating task that may be
found interesting [59], [60]. According to U. Scheifele (1198, p. 93), “from the standpoint of
interest theory, a learner is intrinsically motivated when his or her main incentive for learning is

related to qualities of the respective knowledge domain” [60].
3.3.5. Goal Theory

Goal theory focuses on task performance, it identifies that specific and challenging goals

along with proper feedback contribute to higher and better task performance. Achievement in
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goal theory depends on subjective purposes, achievement goals that differentially influence

school achievement via variations in the quality of the cognitive self-regulation process [61].
3.4. Expectancy-Value Theory of Achievement Motivation

Currently, one of the most used motivational models to study students’ career choices in
engineering is the expectancy-value theory [3]. The expectancy-value theory developed by
Eccles et al. (1983), is considered, according to Lauermann et al. (2017), the most influential
theory for explaining students’ learning behavior and achievement-related choices [62]. The
theory indicates that the students’ task choice and level of engagement are driven by two
subjective task-specific beliefs: (a) the expectancy that an individual can succeed in a task and
(b) the value individuals attach to the task. The theory is composed of two fundamental questions
“Can I do this?” and “Do I want to do this?”, which provides a framework to understand
achievement-related choices, a) why students choose engineering as a major but most
importantly b) why students continue to pursue engineering. This theory, from the students’
perspective, consists of a set of values and beliefs that provide a deeper understanding of the
influential factors that students take into consideration of their expectancy to succeed and the
value they see in the decision of choosing and pursuing engineering. In the context of
engineering, | looked at the way competence and value beliefs are shaped by many contributing
factors such as past experiences, the influences of socializers (e.g., parents, teachers and peers),
personal identity beliefs (uniqueness of ourselves), and collective identity beliefs (the aspects of
ourselves that tie us to others) [63], [64]. Eccles and colleagues proposed that students’
expectancies for success and their subjective task values are directly related to their educational

and behavioral choices [48], [54], [63].
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3.4.1. Expectancy of Success

Expectancy for success is defined as the individuals’ beliefs as to how well they will do
in the task [54]. Overall, students are more inclined to engage in an activity in which they expect

to succeed and foresee value in it.

The expectancies for success construct is conceptually related to other constructs that
refer to self-evaluations of competences, such as academic self-concept [65]. Due to its strong
correlation between self-concept and expectancy for success, both constructs have been
combined as one or used interchangeably [66], [67]. Other studies have found expectancy of
success to be similar to Bandura’s (1997) self-efficacy construct and self-concept of ability [4],
[68]. There is a strong similarity between self-competence, self-concept (beliefs about oneself),
and self-efficacy (ability to exert control over one's motivation, behavior, and social
environment). Furthermore, self-competence, self-concept, and self-efficacy are all constructs

used to study self-perceptions [69].

The importance of similar but slightly different measures of expectancy of success, self-
efficacy, self-conception, and self-competence is the ability to fully capture students’ confidence
from different perspectives. Students’ level of confidence plays an important role when students
question if they can complete a certain task. This confidence can be considered the initial step to
task engagement or choosing engineering degree attainment. Additionally, Eccle’s expectancy-

value theory expectancy of success and competence beliefs are used interchangeably.

Studies on competence beliefs have identified: a) self-efficacy serves as a mediator
between positive feedback and better performance [4], [70], and b) among first-year engineering

students self-efficacy beliefs originate from mastery experiences and social comparisons [4],
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[71], [72]. It is imperative to highlight how self-efficacy originates and its relationship to mastery
experiences. Self-efficacy in terms of engineering is captured by the comparison of one
engineering student's experiences with other students' experiences or performance. Positive
feedback and improved academic performance contribute to a sense of self-efficacy because
“successful performance accomplishments provide the most authentic evidence of whether one
can bring about success.” [73]. Ultimately, students’ engineering experiences become self-
efficacy. Additionally, self-efficacy directly correlates to beliefs, which leads to expectancy of
success as influencing engineering experiences which in turn is influenced by a sense of

belonging.

3.4.2. Value Beliefs

Value beliefs are the values foreseen when engaging in a task or activity. Furthermore,
value beliefs focus on the desire to engage, or the importance of engaging, in a task or activity.
Value beliefs have been used interchangeably with subjective task values. Eccles defines
subjective task values (STV) as the individual’s incentives for engaging in different tasks or
activities based both on the nature of the task and how well it aligns with personal values, goals,

and needs. Subjective task values consist of four categories [64], [74]:

1) Attainment value: The individual’s perception of how performance on the task reflects on
the individual and how this reflection matches with self-concept

2) Intrinsic or interest value: The enjoyment experienced in doing the task

3) Utility value: The perceived future importance of engaging in the task that may be

directly or indirectly related to the task itself
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4) Relative cost: The price of success or failure in terms of effort, time, and/or psychological

impact

The cost value is defined as the perceived effort, loss of valued alternatives, and the
psychological cost of failure [74]. It is considered the negative aspect of motivation that

identifies the loss of time, or resources because of engaging in a task.

Utility value is determined by how well a task relates to current and future goals, such as
career goals [62]. It can be categorized as the usefulness of engaging in a certain task. Such
usefulness is foreseen as a tool or skill that could allow individuals to reach a goal or complete a

task.

Attainment value is seen as a self-reflection of the student within the engineering field. It
provides an identity as the student continues to pursue engineering and as they acquire academic
knowledge and engineering experience. Within the engineering realm, recognition by others as a
fellow engineer provides a sense of reassurance and confirmation. In addition to personal
importance and achievement, studies have identified a correlation between attainment value and
personal identity. Attainment value has been linked to identity-related issues specifically with

high achievement on a certain task, as it reflects an important aspect of the self [67].

Intrinsic or interest value can take various forms. For instance, it can relate to curiosity in
terms of internal interest. It pleases oneself to learn something new or accomplish what others
within your community have not reached (family, friends, or surroundings). The personal interest
aspects are “what if I could do this” or “what can I learn or gain from it.” The most influential
constructs from the expectancy-value theory are attainment value and interest value [74]. Both

constructs capture students’ motivational values, beliefs, and certain aspects of identity.
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In a qualitative study by Matusovich (2010), the results showed a career choice process
about engineering being consistent with students’ sense of self (attainment value), rather than
interest. Furthermore, results indicate various types of value or personal importance patterns
participants assigned to earning an engineering degree. A differentiating feature was “whether or
not participants choose engineering as a major because it is consistent with their identity or sense

of self” [4].

Studies have shown that the expectancy-value theory captures an array of variables
related to the process of career-choice decisions. Furthermore, similarities found between
attainment value and interest provide a level of degree of importance as to what motivates
students to choose and pursue engineering. Furthermore, it is noted that the choice of engineering
can be attributed to students’ identity or sense of self. Students’ choosing and pursuing
engineering from a motivational model highlight a certain level of relationship between the
expectancy-value theory of motivation attainment value and identity, leading us to explore

engineering identity within the focus of engineering-related choices.
3.5. Engineering ldentity

Literature has noted that “Identity is complex, multi-faceted and changes over time” and
varies by discipline, in the context of engineering, engineering identity has not been fully
conceptualized or directly measured [75]. In the study by Patrick and Borrego (2016) on
engineering identity and found out that even with the “long history of deep theoretical,
qualitative and quantitative work on the many facets of engineering identity development,
existing measures of engineering identity are still very crude.” It was noted that identity could

essentially be different from another construct such as self-efficacy or the expectancy-value
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theory of achievement of motivation model [75]. However, just recently that some studies have

explored the idea of differentiating such constructs. Furthermore, the idea of engineering identity
consists of feeling like an engineer or seeing oneself as an engineer, but it also acknowledges the
social-cultural and environmental factors that shape the “becoming™ an engineer or in the process

of ‘doing’ engineering [75].

Other studies have shown a relationship between personal or collective identities with
attainment and intrinsic values. Expectancy-value theory of achievement of motivation, Eccles
(2009) argued that personal and collective identities can influence the level of engagement based
on the degree of consistency with one’s central values and identities [63]. Using an engineering
identity model, studies have attributed educational and professional persistence to engineering

identity [76].

In a study conducted by Verdin and colleagues (2018), identity is defined as “being
recognized as a certain ‘kind of person,’ in a given context,” [77]. Within the context of
engineering, the authoring of oneself was categorized by; interest, recognition, and
performance/competence [77], [78]. These three constructs are defined as, (a) recognition is
defined as a form of being recognized by others and needed for engineering identity
development, (b) interest is defined as a key role and the attraction towards engineering as well
as a formal understanding of it, and (c) performance/competence is defined as the individuals’
belief of being competent and be able to perform effectively in engineering [76], [77]. The three
constructs were also used in a study at a post-secondary institution with the purpose to identify
engineering identity levels of influence when it comes to choosing engineering as a major.
Results from the study identify pre-cursors, factors, and moderators of engineering identity [77].

The precursors of engineering identity were noticeable due to the strong connection between the
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developments of multiple identities for students entering college. Factors consist of physics,
math, and general sciences which are important to engineering identity development. Moderators
are based on beliefs about performance/competence, recognition, and interest that influence

subject-specific identities.

The EI model was previously used to understand physics and math identities and
engineering career outcomes [79]-[82]. Studies have shown that engineering identity is an
influential factor when it comes to choosing and pursuing engineering [76], [80]. A qualitative
study conducted by Matusovich et al., (2010) concluded a differentiating feature was “whether or
not participants choose engineering as a major because it is consistent with their identity or sense
of self” [4]. Furthermore, engineering students find themselves most motivated when they
identify themselves with the engineering discipline and within the community, they are mostly

associated with [77].

Other studies tried to understand identity correlation to the choice of engineering by
focusing on students’ self-ascribed engineering identity through structural equation modeling
[80]. Results showed that performance/competence is needed to develop an identity and without
recognition and interest as mediating factors, identity development is difficult to achieve.
Further, the study identified that students’ physics, math, and general sciences identities are
important factors for engineering identity development. A surprising factor that the study noted
was that performance/competence beliefs were insufficient for identity development, but

recognition and interest beliefs assisted

actualize students’ identities [80]. An important factor of the study was the relationship

between self-efficacy to performance/competence which was considered a key factor in
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persistence. The conclusion of the study identified engineering identity as a clear influential

factor to choose and pursue engineering as a career [80].

Engineering identity can be considered a motivational factor that influences students to
choose and pursue engineering. Based on students’ level of commitment and participation in a
discipline. Additionally, students identified themselves with the discipline, and at the same time,
which leads to further development of an identity within the community they are mostly

associated with, engineering identity [77].

Engineering students have shown a relationship between motivation and engineering
identity based on engineering experiences, attainment or interest value, and their correlations.
Research has shown that there seems to be a relationship between motivational factors,
engineering identity, and sense of belonging which can influence students’ motivation.
Furthermore, student participation within an engineering community creates or expresses some
level of engineering identity and a sense of belonging based on the level of interest, participation,

or commitment.

A sense of belonging influences undergraduate engineering students” motivation as well
as engineering identity. For example, Hurtado and colleagues' extensive work has shown that a
sense of belonging can influence the students’ decision to leave or switch from an engineering

program. This is particularly true for underrepresented groups [5]-[9].

Engineering identity illustrates an internal stimulus from the students’ perspective that
leads to choosing and continuing to pursue engineering degree attainment. The model identifies
several characteristics that an individual experiences as an engineering student. Some of these

characteristics consist of being recognized as an engineer, performing like an engineer, and
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feeling like an engineer. Additionally, such characteristics illustrate the importance of personal
variables that influence motivation and lead to career-choice decisions. Moreover, a sense of
belonging is an influential factor that could be substantial to the students' engineering

development and ultimately the students' motivation.
3.6. Sense of Belongingness

Researchers have defined a sense of belonging as a “sense of affiliation and identification with
the university community” and integration into the college system [83], [84]. Studies have shown
the importance of a sense of belonging when there is a noticeable discrepancy in retention,
performance, and satisfaction between underrepresented groups (firs-generation,
underrepresented minorities, women, and low socioeconomic status) and those of dominant
groups (white, male) among engineering departments across the United States [85], [86]. Sense
of belonging can be experienced when students need to see themselves belonging to a certain
group, in a particular role, as problem solvers or as the “ kind of people who would want to
understand the world scientifically” [80], [87]. Students who acquired a sense of belonging

received positive influences on their level of motivation, engagement, and achievement [88].

A study about first-generation college students’ engineering identity and belongingness
concluded that there is a direct effect of engineering identity to students’ persistence of effort.
Furthermore, there was an indirect effect of engineering identity to student’s consistency of
interest, attributed to engineering belongingness [77]. The results highlighted how
underrepresented engineering students often find themselves struggling to identify themselves or
seeing themselves as engineers. This creates a correlation with engineering identity, recognition,

and performance/competence beliefs in engineering that can influence students’ sense of
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belonging in engineering and passion to persist in engineering. This is especially true for first-

generation college students [77].

A study conducted on underrepresented students during their first quarter of college focused
on identifying the effects that ENGR 101 had on an engineering identity and sense of belonging.
It was noted that students’ engineering identities were influenced by certain engineering

assignments and overall the course had a positive impact on their sense of belonging [85].

To further highlight students’ sense of belonging, it is important to consider that some
students may have no experience in an engineering community of practice. To increase
university acclimation, institutions have focused on transfer summer programs before
enrollment. Such programs allow students to receive hands-on experiences, exposure to the
university community, faculty interaction, and develop personal and professional skills [89]. An
important aspect of these programs is that it allows faculty-to-student interaction which could
potentially increase student interest, engagement, and sense of belonging to the field by allowing
faculty to answer questions about the field, research, experiences, course material advising,
faculty approaching tips, available resources, or where to seek for assistance. It has been noted
that those students like to discuss their interests among peers and especially among faculty
members. Discussing their interest gives reassurance about their goals from someone with a
similar background which can influence their decision to pursue engineering or discover an

engineering path [43].

Other studies identified trends within interventions and learning programs consisting of
the personal and collaborative learning environment and using tutors and peer reviews which
resulted in higher grade point averages increased graduation and retention rates and lower drop-

out rates [18]. The reason for these programs was to develop a certain level of comfort and a
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sense of belonging by providing support, hands-on activities, and a cohort experience. They
provide exposure to the engineering community and enable students to experience engineering to
increase their level of motivation and continue to pursue an engineering degree. It is important to
highlight that engineering exposure and involvement influenced the student's sense of belonging.
Motivation in engineering was also been linked to a sense of belonging when feeling part of a
greater community [90]. Further, it directly related to how well a participant perceived

themselves to fit into the classification of an engineer [91].

A sense of belonging plays a significant role in engineering identity development and
students’ motivation, especially in low-income engineering transfer students. Studies have shown
that a sense of belonging is an important aspect of inclusion and academic integration.
Furthermore, it reflects students’ level of engagement and academic performance when students
have found a sense of belonging within a community. On the other hand, lack of sense of
belonging can be the leading factor for students’ decision to not choosing and pursuing
engineering. Students’ sense of belonging is relevant to this study since it influences students’
motivation, engineering identity development, and ultimately an important factor for pursuing

engineering degree attainment.

3.7. Framework and Models

This study used the expectancy-value theory as the main framework and engineering
identity and sense of belonging as adopted models. To better understand why transfer students’
chose and pursued engineering with the intent to graduate with a baccalaureate degree, the study

adopted Wigfield & Eccles's (2000) expectancy-value theory of achievement motivation as the
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guiding framework (see Fig. 1). Furthermore, Godwin’s (2016) engineering identity model (see

Fig. 2) and a sense of belonging were analyzed.
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Figure 1: Expectancy-value theory of achievement motivation (simplified and adapted from Wigfield and Eccles, 2000)

Both the expectancy-value theory and engineering identity models are categorized as career

choice models. However, in this study, the expectancy-value theory of achievement motivation

model provided a more explicit
framework to examine students’ values
and beliefs in choosing engineering as a
major [4]. Within the framework, this
study utilized a simplified version of the
expectancy-value theory of achievement
motivation model (see Fig. 1). The

simplified version used in this study did
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Figure 2: Engineering identity model (adopted from Godwin, 2016)

not include the construct of “cost,” as it relates to the negative aspect of motivation. According to

Wigfield & Eccles (2000), the cost value is defined as the perceived effort, loss of valued

alternatives, and the psychological cost of failure [74].
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3.7.1. Expectancy-Value Theory of Achievement Motivation

This study used a simplified version of Eccles’s expectancy-value theory (EVT) model
which suggests that choices to engage in certain tasks or activities are shaped by competence and
value beliefs, not the cost associated with it. Students’ decision to choose and purse engineering
is attributed to competence beliefs. This is evident in the question of ability, “Can I do this task?”
Furthermore, task beliefs were addressed in the question of “Do I want to do this task?”
Answering both questions before deciding to engage in a certain task, is essential. This is
especially true when students were choosing and pursuing engineering degrees. Moreover, the
model was used because it allowed the study to explore student’s beliefs, as well as a wide array

of values that students assign to earning an engineering degree [4].
3.7.2. Engineering ldentity Model and Sense of Belonging

This study utilized the simplified EVT model as well as the engineering identity model.
The engineering identity (EI) model validated by Godwin, consists of interest, recognition, and
performance (Godwin, 2016). Additionally, Godwin’s EI model has been used in research for
career outcomes for students in physics and math [79]-[82], [92]. This reinforces the idea of
foreseeing a career outcome for engineering students by using the EI model. For this study, the
El model analyzed the process of students becoming engineers, seeing themselves as engineers,

feeling like an engineer, or participating in engineering.

The process of becoming an engineer also includes a sense of belonging. A sense of
belonging captures a students’ level of inclusion or belonging to an engineering community or in

the field of engineering. A sense of belonging is considered a determinant factor of students’
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success, especially for underrepresented engineering students [5], [7]-[9]. In this study, a sense
of belonging was incorporated into the EVT and EI models to characterize “the human need to

belong” since it is also “the most powerful motivator of social behavior” [93], [94].

Within both models used in this study, an overarching question is asked: What motivates,

a low-income engineering transfer student from a community college to succeed in engineering?
3.8. Purpose of the Study

The purpose of this study is to identify motivational factors that lead to the decision of
choosing and pursuing engineering degree attainment. Additionally, this study intends to reduce
the gap in the literature about low-income engineering transfer students’ motivation to choose
and pursue engineering degree attainment. Moreover, most of the existing literature on students’
experiences in engineering has been conducted in the four-year context without fully addressing
low-income transfer students who began at the community college and then transferred to a four-

year institution [95]-[97].

This study included first-and-second year transfer students from community colleges that
are pursuing a baccalaureate degree in engineering. Thus, this study navigates the educational
journey towards baccalaureate degree attainment that these students experienced. Furthermore,
this study aimed to expand the understanding of the motivation that influenced students’ decision

to choose and pursue engineering among low-income community college transfer students.
3.9. Research Questions

Three fundamental questions were developed for this study to identify the motivational

factors that led low-income engineering transfer students to choose and pursue engineering.
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e RQ1: Why do low-income transfer students choose engineering as a major?
e RQ2: Why do low-income transfer students continue to pursue engineering?

e RQ3: When do low-income transfer students believe that they are engineers?

The first two questions were developed to help explore students’ values and beliefs for
choosing and pursuing an engineering degree. These two questions fall under the category of the
expectancy-value theory of motivation achievement. Question three was developed to explore
students’ Engineering Identity (EI). Additionally, the questions were developed to identify a gap
in the existing research literature about low-income engineering transfer students. Furthermore,
the study hoped to bring attention to low-income engineering transfer students’ needs, desires,

interests, expectations, and misconceptions about engineering.
3.10. Summary

Several studies have identified that motivational factors are more important than
academic reasons in retaining engineering students [47], [48], [98]. Studies have defined
motivation as the means to “move’, as a form of action and is measured as the time spent on a
task, assessment of personality traits, and the capture of various cognitive-based processes [53],
[54], [99], [100]. Modern theories of motivation have been developed based on beliefs,
engagement, control, attribution, values, interest, goal-oriented, and achievement-related choices

[54]. Therefore, motivation is considered a powerful and influential factor for students’ success.

The study adopted a simplified version of the expectancy-value theory of achievement
motivation as its main framework. The expectancy-value theory of achievement motivation is
considered one of the most influential theories for explaining students’ learning behavior and

achievement-related choices [74]. The theory is composed of two fundamental questions “Can I
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do this?” and “Do I want to this?”” Both questions addressed the student’s competence beliefs and
subjective task values. These two questions enabled the study to understand the achievement-

related choices from the students' shared experiences.

Additionally, studies have shown attainment value, from the expectancy-value theory, to
have a close relationship to engineering identity. This study adopted the engineering identity
model previously validated by Godwin (2016). The model was utilized in this study because, in
previous studies, engineering identity has been identified as an influential factor when it comes

to choosing and pursuing engineering degree attainment [76], [80].

Lastly, this study adopted a sense of belonging because studies have identified it as an
influential factor in students’ decision to persist within an engineering program [5]-[9].
Furthermore, highlighting students’ retention, performance, and satisfaction, studies have shown
the importance of a sense of belonging among underrepresented groups in the field of
engineering [85], [86]. Additionally, this was seen through a study conducted of a group of
underrepresented college students who experienced a positive impact on their engineering

identity and sense of belonging [85].

In this study, students’ motivation to choose and pursue engineering can be modeled by
the expectancy-value theory of achievement motivation, engineering identity, and a sense of
belonging. These models identified key influential factors that low-income engineering transfer
students seeking engineering degree attainment may experience. Such models provided a
structure in this study to fully explore low-income engineering transfer students' experiences

from the students’ perspective which led students to choose and pursue engineering.

31



The following chapter serves as a guide for the research approach used in the study. The
approach consisted of; (1) design of the study, (2) recruitment (3) sample selection, (4) site

selection, (5) data collection, (6) data analysis, and (7) validity and reliability.
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4. METHODOLOGY

This chapter explains the methodology process used in this study to gather and analyze the
questions asked of low-income engineering transfer students that successfully transitioned from a
two-year community college into a four-year institution with the intent to pursue and graduate
with an engineering degree. A systematic approach was used in this study to categorize data into
themes and codes that represented key terms related to motivation, engineering identity, and a

sense of belonging.
4.1. Design of Study

In this study, grounded theory was used to better understand the shared experiences of
low-income engineering transfer students who decided to choose and pursue engineering.
Structuring data into smaller units of meaning is considered a grounded theory approach. Also,
grounded theory is defined as the methodology that guides researchers in developing a theory out
of data, thus making the theory “grounded” in the data [101]. In this study, grounded theory was
used to categorize the participants’ responses on a smaller scale. In conjunction, an exploratory
analysis was used to examine the data found in the quantitative and qualitative analysis. An
exploratory analysis was used to identify trends beyond formal modeling or hypothesis testing.
Additionally, the constructs from the models provided subcategories of each construct to fully
capture key arguments that led low-income engineering transfer students to choose and pursue

engineering.

This study also used a mixed research method approach to collect and interpret the data
gathered from low-income engineering transfer students that chose and continued to pursue

engineering. The mixed-method approach is:
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A mixed research method involves the collection or analysis of both quantitative and/or
qualitative data in a single studying which the data are collected concurrently or
sequentially, are given a priority, and involve the integration of the data at one or more

stages in the process of research [102], [103]

In this study, the mixed research method approach provided flexibility with the semi-structured
interviews and online surveys that were administered. Also, the mixed research method approach
was useful in understanding the contradictions between the quantitative and qualitative findings.
Furthermore, the mixed research method approach ensured that the study findings were grounded

in participants’ shared experiences.

To ensure subjectivity within this study the words from the participants were not altered.
Subjectivity was accomplished by writing down field notes and memos in a reflective journal
during each semi-structured interview, observation, and document analysis. The data gathered in
this study was subsequently investigated closely, to ensure that all perspectives were examined
and presented equally. The study preserved the context of the data without altering form,

meaning, or purpose [102].
4.2. Participant Demographics

All the participants in this study were classified as being of low-income socioeconomic
status by the Office of Financial Aid and Scholarships. A selected sample selection initiated the
data collection process for this study. Selecting a set of low-income engineering transfer students
was the focus of the study, as these students could provide insight into why they chose and
pursued an engineering degree. With approval from the Institutional Review Board (IRB) from

the University of California, Irvine (UCI), a total of twenty participants were selected for this

34



study. Out of the twenty participants, twelve of the participants were first-year and eight were
second-year low-income engineering transfer students. Additionally, the twenty students who
participated in this study were enrolled at UCI full-time and were part of a cohort. In this study,
both male and female participants were interviewed, however, most of the participants were male
(see Table 1). The participants' age range was from 20 to 25 years old, with an average age of 22

years of age. Most of the participants identified their race/ethnicity as being white (see Table 2).

Table 1: Gender description (N=20)

Description N %
Male 14 70
Female 6 30

Table 2: Participant’s Race/Ethnicity (N=20)

Description N %
Asian 6 30
Hispanic or Latina(o) 4 20
Hispanic or Latina(o), White 2 10
White 8 40

Out of the twenty participants majoring in engineering, Mechanical Engineering was the highest

chosen major out of the five self-reported majors (see Table 3).

Table 3: Participant's Engineering Major

Description N %
Biomedical Engineering 6 30
Chemical Engineering 1 5
Electrical Engineering 1 5
Mechanical Engineering 11 55
Mechanical & Aerospace Engineering 1 5
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4.3. Recruitment, Interviewing and Surveys

The recruitment process for this study was based on being admitted to the Scholarship in
Science, Technology, Engineering, and Mathematics (S-STEM) program. To participate in the S-
STEM program, there were three main requirements that students needed to be part of. Those
requirements included that students must be a: 1) transfer student, 2) low-income student and 3)
an engineering major. The initial recruitment process for the S-STEM program included emails
sent to incoming engineering transfer students who had recently been admitted and had met the
criteria. Using the three requirements as a filter, the research team pre-selected those students.
An invitation to attend an information session about the S-STEM Program was sent via email to

the pre-selected students.

Each application was reviewed by a committee. During the reviewing process, weekly
meetings were held to discuss students’ applications, supplemental material, and provide updates
about the program. During the meetings, updates were given about the number of participants
and the different strategies to be implemented for the recruitment process. The director and co-

director of the program and two graduate researchers attended each meeting.
4.3.1. Surveys

Surveys were administered twice during the ten-week 2019 fall quarter. The first survey
was implemented during week one and the second survey was implemented during week eight.
Participants were emailed an online survey (Instrument 1) with instructions to complete it by the
end of week one. For the second survey (Instrument 2) was emailed to participants at the

beginning of week eight with instructions to be completed by the beginning of week nine. Both
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surveys were administered in consideration to course management and to avoid mid-terms and
final exams. Additionally, participants were informed that their participation was voluntary and

that all personal information would be kept completely confidential.

In this study, the survey questions used were anchored on a 5-point scale. Within this
scale participants were asked to rate the likelihood to engage in a particular task from “1-not at

all” to “5S-extremely” and a 100-point scale by using a slider from “1-a little” to “100-a lot.”

4.3.2. Semi-Structured Interviews

At the end of the 2019 fall quarter, in-person interviews were administered at an on-
campus conference room or over the phone for the twenty participants. All interviews were
recorded and transcribed by a third party. A semi-structured interview was used, as it could
provide the flexibility to combine a pre-determined set of open-ended questions (questions that
prompt discussion). These questions provided the opportunity to explore themes or responses
further, as participants shared their experiences in their terms. The semi-structured interviews
ranged from 20 to 30 minutes in length. Before the recording of each interview, the interviewer
read the Institutional Research Board (IRB) protocol consent form. The interviewer also
explained the purpose of the study to each participant and their rights as a human research
participant. The first prompt of each interview was requesting consent from the interviewees to
participate in the interview. After obtaining consent, the conversation was followed by the pre-
determined set of questions. If any of the questions were found to be inconclusive, follow-up
questions were asked. For instance, some of those questions were: “Tell me more about that” or

“Can you give me an example of that?”” or “How did you experience this moment?” These
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follow-up questions were designed to encourage elaboration. Additionally, each recording was

heard after the interview to ensure clarity.

The data collected was stored on a password-protected personal computer. The recorded
audio and transcribed interviews were stored in a drive only accessible to the research team. The
confidentiality of the participants was preserved throughout the data collection and analysis by
utilizing a self-selected pseudonym for each participant. The mapping of the participants’ real
names and self-selected pseudonyms were stored in a password protected file and a password-

protected computer.
4.4. Researcher Bias & Positionality

In this study, the researcher’s role was to collect and analyze the data. The researcher
focused on understanding the data and utilize inductive research processes to code the data
obtained from the students’ experiences. The researcher is a Mechanical and Aerospace Engineer
and a Master of Science Student from the University of California, Irvine. The researcher’s
interest in engineering education was based on the researcher’s own experience of being a low-
income, attended a two-year community college, and transfer to a four-year institution. More
specifically, the researcher was influenced by his struggles that low-income engineering transfer
students continue to face in and outside of the classroom. Being part of this research study,
enabled the researcher to explore similar stories of low-income engineering transfer students.
Ultimately, the researcher hoped to shed light on the motivational factors that low-income
engineering transfer students experience as the driving mechanism(s) that lead them to choose

and pursue an engineering degree.
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4.5. Overview of Semi-Structured Interviews

Qualitative data was obtained from each semi-structured interview, collected at the end of
the 2019 fall quarter. Following Institutional Review Board (IRB) protocol, before the study
engaged in interviews, participants were asked to consent for this study and if they had any
questions, they were able to contact the research team and the IRB office by phone or email. The
interviews followed a written outline that guided how to conduct the recorded interviews. The
recorded interviews were heard for clarity, which was later transcribed verbatim. Each recorded
interview was analyzed separately while being heard for clarity and after being transcribed for
keywords and phrases before looking across all cases for themes and patterns. The analysis
consisted of a three-category strategy. The strategy included: a) case-oriented, b) variable-
oriented, variables across cases, ¢) mixed strategies, using a combination of both [4], [104]. Each
recorded interview was separately heard for unique words or phrases, then compared to the
others to identify the key terms that were found among participants. Mixed strategies were
implemented when a theme was discovered but explained differently. All phrases were compared

to other phrases or themes to reassess the classification of its code.

A three category of data analysis strategy identified trends in messages as well as
explored the content in which the messages changed. To analyze the data and code development,
the study implemented a mixed strategy. The mixed strategy gave the same level of importance
to each of twenty individual cases, the eight constructs from expectancy-value theory (EVT),
engineering identity (El), and sense of belonging. Further, results were presented with variable-
oriented assertions that evolved around the three categories of EVT and EI and sense of

belonging. The variables related to EVT were competence, interest, attainment, and utility. For
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El the variables were interest, recognition, and performance. A sense of belonging was used as

its variable.

The coding process started with a case-based approach where interviews were heard
repeatedly. Key terms that were mentioned repeatedly or were unique were written down. The
codes were developed inductively from the recordings and referenced the constructs of EVT, El,
and sense of belonging. The initial set of codes were categorized by its uniqueness, resemblance
to the constructs, and others were developed by their repetition. After being transcribed,
interviews were read repeatedly and then coded using DEDOOSE. Initially, a list of codes and
themes were developed before inputting them into the software. After inputting the transcribed
documents into the software, new themes emerged and were added to the list. Code overlapping
was identified and addressed by writing short memos and placing them under a general category.
A finalized list of codes by comparing all categories and sub-categories from all twenty

interviews was created to maintain the consistency across cases.
4.6. Study Analysis

All low-income engineering transfer student’s shared experiences and the data collected
from the surveys were analyzed via Excel, R programming language, and the DEDOOSE
Software. The software is a cross-platform app use for analyzing qualitative and mixed methods
research with text and audio. R programming language is used for statistical and graphical

analysis.

This study used quantitative methods to explore topics in engineering. Quantitative
methods were used as they “are a good fit for deductive approaches, in which a theory or

hypothesis justifies the variables, the purpose statement, and the direction of the narrowly
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defined research questions” [105]. In this study, quantitative research was used to quantify the
numerical data as well as the data that could be transformed into usable statistics. One

quantitative method used in this study was in the form of an online survey.

The survey data was analyzed via Excel and R programming language. To meaningfully
compare whether the two means were different, the sampling distribution of paired difference
means needed to be known. Additionally, a normality test was used to determine if the dataset
was well-modeled by a normal distribution. According to the Central Limit Theorem, the
distribution of sample means for an independent, random variable, will become closer and closer
to a normal distribution as the size of the sample increases, even if the original population

distribution is not normal itself.

If the data showed an abnormality, a Wilcoxon signed-rank test was to be used. The
Wilcoxon signed-rank test was used as a non-parametric statistical hypothesis test to compare the
two related mean samples. The Wilcoxon test is used to analyze related samples, matched
samples, or repeated measurements on a single sample to assess whether their population means
ranks differ. To test for a significant difference between the pre- and post-surveys, results were

evaluated under the following P-value categories, and a 95 percent confidence interval:

a) a=0.05
b) P <a means that the test hypothesis is false or should be rejected

c) P> ais the probability that the null hypothesis is true, should not be rejected
4.7. Summary

This chapter introduced the research questions to capture key motivational factors that led low-

income engineering transfer students to choose and continue to pursue engineering degree
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attainment. Twenty participants were chosen for this study. Out of the twenty participants, 12 of
them were first-year low-income engineering transfer students and 8 of them were second-year
low-income engineering transfer students. Additionally, four participants were female, and 16
participants were male. Data gathering consisted of two surveys and a semi-structured interview.
Surveys were conducted at the beginning and towards the end of the fall quarter. The semi-
structured interview was conducted at the end of the fall quarter. The design component for this
study was a mixed research method approach using grounded theory and exploratory analysis.
Data collection and review procedures were analyzed to effectively interview low-income
engineering transfer students and ensure the validity and confidentiality of the data. Data analysis
was performed using the DEDOOSE software and R programming language. All interviews and

surveys were conducted with full participants' consent.
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5. FINDINGS

Mixed-method research was used to gather the data from low-income engineering transfer
students shared experiences. Based on the shared experiences a grounded theory and exploratory
analysis approach were used to answer the three fundamental questions asked in this study. The

three research questions that were asked are answered in the quantitative and qualitative results.
5.1. Quantitative Results

Quantitative results enabled the study to ascertain the specific effects on students’
expectancy of success, value beliefs, engineering identity, and sense of belonging as they
experienced their first quarter at a four-year institution. It should be noted that following the
Central Limit Theorem, the distribution of sample means for an independent, random variable,
will become closer and closer to a normal distribution as the size of the sample increases, even if
the original population distribution isn’t normal itself. In this study, the sample size was

considered a small sample, therefore a normal distribution cannot be assumed.

The study sought to identify how participants’ motivation, engineering identity and sense of
belonging changed over the first quarter. To determine if the participants’ motivation did in fact
change over the fall quarter, the means of the pre-and post-surveys for all participants were
compared and calculated. Further, the paired mean difference of each construct was calculated.
The paired mean differences for each construct, are shown in Table 4. Furthermore, the means

were identified for each participant as they were considered independent from one another.
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Table 4: Paired Mean Difference for All Participants

1D Competence Attainment Interest Utility Recognition Interest Performance Sense of
(EVT) (EVT) (EVT) (EVT) (EI) (E1) (EI) Belonging
P1 -0.33 0.17 0.33 5.63 1.50 0.50 0.50 0.44
P2 0.67 0.33 0.33 1.00 5.25 0.00 0.50 0.00
P3 -1.00 -0.50 -12.00 -7.13 -5.25 -0.50 -2.00 -0.67
P4 -0.33 0.00 0.00 -3.25 -0.25 0.00 0.50 0.56
P5 -1.00 0.67 -12.00 4.13 -8.63 0.00 1.00 0.11
P6 -0.33 0.50 1.00 5.50 0.13 -1.25 0.00 -0.78
P7 -0.33 -0.17 1.67 -2.75 -1.00 0.00 -1.00 -0.11
P8 -0.33 -0.17 -25.67 -22.38 -6.63 0.50 0.50 -0.33
P9 2.33 0.00 0.00 0.00 6.25 0.00 1.00 0.22
P10 -1.33 -0.50 10.00 -5.88 -0.75 -0.50 1.00 -0.33
P11 0.67 0.00 -2.33 -2.13 -0.75 0.75 0.50 0.22
P12 -1.00 -0.50 3.33 -4.25 0.25 0.50 0.50 0.22
P13 -0.33 0.67 3.33 0.00 5.63 0.50 -0.50 -0.22
P14 0.33 -1.33 1.00 -0.88 -0.25 -1.75 -1.00 -0.78
P15 0.67 0.50 9.67 12.00 -2.75 0.00 1.50 0.00
P16 1.67 1.50 13.33 4.00 -6.13 1.25 -0.50 0.33
P17 0.00 -0.17 10.00 3.13 1.13 0.25 0.50 -0.22
P18 0.33 0.17 26.67 18.75 5.13 0.50 1.00 0.00
P19 0.00 0.33 -8.33 -13.88 -7.75 1.00 0.00 -0.44
P20 -0.67 0.00 -8.00 0.63 -4.00 0.00 0.00 -0.22
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Excel was used to analyze data normality, which showed the data of each construct as being of

skewness, kurtosis, or bi-modal shape (see Fig. Competence Paired Mean

Difference (Skew Data)

(-0.13, 1.07] (2.27, 3.47)
[-1.33,-0.13] (1.07, 2.27]

3). This meant that the data did not follow the

normal bell curve shape.

Particiants

A nonparametric test was used to
analyze the data because of data abnormality.
Using a Wilcoxon test in this study, concluded Paired Difference Values
that the observed differences were not

Figure 3: Competence Paired Difference (Skewed Data)

statistically significant between the pre- and post-survey paired means.

Results from the nonparametric test showed P-values, for each category, above the 0.05

alpha criteria, shown in Table 5. Most of the P-values are within the tenth-place value which is

not enough to reject the null hypothesis.

Table 5: Wilcoxon Non-Parametric Test Results

ID Competence Intttares Attainment 32“};’ Interest | Recognition | Performance Sense of
(EVT) (EVT) Value (EVT) (EVT) (ED) (ED) (ED) Belonging
P-Value 0.76 0.53 0.47 0.95 0.39 0.32 0.24 0.21

The study was also able to answer the three fundamental questions by using the mean average of
the pre- and post-survey and paired mean differences from all the participants for each construct
(see Table 6). It must be noted that values were normalized for utility value, recognition, and

sense of belonging questions by using a scale from 0 to 100.
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Table 6: Mean Averages of All Participants for Each Construct

ID Competence | Interest Att\fj;r;lrjneent 32“}! Interest | Recognition | Performance Sense of
(EVT) (EVT) (EVT) (EVT) (ED) (ED) (ED) Belonging
Pre-Survey 3.78 3.02 4.3 3.25 4.44 3.20 4.08 3.98
Average
Mean
Post-Survey 3.76 3.12 4.4 3.19 4.56 2.78 4.28 3.88
Average
Mean
Paired 0.02 0.10 0.08 -0.06 0.12 -0.42 0.2 -0.10
Difference
Average
Mean

5.1.1. Why Do Low-Income Transfer Students Choose
Engineering?

To answer this question, the study relied mostly on the pre-survey, as student’s

enrollment in an engineering program was decided before their enrollment at a four-year

institution. Additionally, based on the calculated mean values of each construct from the pre-

survey, the most significant results for choosing engineering as a major were from the attainment

value (EVT), interest (El), performance (EI), and sense of belonging constructs. However, the

other constructs identified in the survey analysis are also significant. This is evident as the

participants responded with values equal or higher than a three on the anchored 5-point scale.

Such values indicate that participants chose engineering because of their expectancy to succeed,

subjective task values, engineering identity, and felt a sense of belonging as a future engineer.

5.1.2. Why Do Low-Income Transfer Students Continue to Pursue
Engineering?

To answer question number two, this study analyzed the paired difference average mean

of each construct. Participants indicated a positive increase of competence (EVT), attainment
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value (EVT), utility value (EVT), and interest (EI). Which in turn indicates that participants were
influenced by the role students had taken as engineers, seeking research or internship
opportunities, hands-on experiences where students were able to apply theory into the concept,
and the attraction of working for large corporations or just the fact of seeing themselves as a
future engineer. Furthermore, as participants had already taken the role of an engineering student
at a four-year university and identifying themselves as engineers, made them more prone to
continue pursuing an engineering degree. These participants had taken additional responsibilities
as an engineering student and developed a certain level of importance.

Additionally, the remaining constructs were not significantly different. Therefore, the remaining
constructs are still considered a key identifier of students’ motivation to continue to pursue
engineering. Ultimately, talented low-income engineering transfer students continued to pursue
engineering because of their expectancy to succeed, subjective task values, engineering identity,

and felt a sense of belonging as a future engineer.

5.1.3. When Do Low-Income Transfer Students Believe That They
Are Engineers?

Question number three was answered via the pre- and post-survey and the paired
difference mean average difference. Participants indicated a paired mean average value for the
pre-survey and a 2.78 for the post-survey under the construct of recognition. This indicates that
participants felt like engineers to some extent or in the process. Additionally, this illustrates that
participants were aware of what an engineer is, yet participants did not have specific details of
what engineers do. For example, engineering is known as a technical career but to what level of
problem-solving and mathematics skills are needed. The average mean paired difference of the

construct was analyzed and showed a decrease. The decrease was due to the participants' lack of
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confidence or challenges encountered during their course trajectory in engineering. The construct
difference also displayed the uncertainty that participants did not yet feel like engineers.
Furthermore, the participants might have been demonstrating characters associated with Imposter
Syndrome. Despite their accomplishments in engineering, their responses showed a decrease in
recognition which illustrates the fact that they might be considering themselves as engineers in

progress.
5.2. Qualitative Results

In conjunction with the survey data, twenty interviews were analyzed using content
analysis for their entries [106]. A priori and deductive coding scheme were used with an initial
category titled “choosing” and “pursuing.” The study used constructs from the EVT and EI
models and a sense of belonging to categorize the first domain area. Each interview was
analyzed in the form of text data. After all, interviews were analyzed, additional codes emerged,

and classified into a second domain area (see Table 7).

Table 7: Codes and Themes Summary

1st Domain Area 2nd Domain Area

Competence Belief Intellectual Development

Attainment Value Social Persuasion
Interest (EVT) Mastery Experience
Utility Value Attention to Human Ethical values
Recognition Personal Integrity
Interest (EI) Achieving Inner Satisfaction
Performance

Sense of Belonging
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Constructs of the models helped validate and establish that the results provided enough evidence
to answer the research questions. The second domain was categorized as to how participants
perceived choosing and pursuing engineering degree attainment from the student’s perspective. It
was developed to explain the student’s motivation to pursue engineering from the students’
perspective. Each category of the second domain reflected a more general area of personal
importance that students felt motivated to engage in the task that led to choosing and pursuing

engineering.

For both domains, the themes and codes were categorized based on the extracted quotes
following the participants' experiences that influenced their motivation to choose and pursue an

engineering degree.

5.2.1. Constructs

5.2.1.1. The expectancy of Success (Competence, EVT)

The expectancy of success is defined as individuals’ beliefs as to how well they will do in
a task [54]. In this study, the expectancy of success was identified when participants gave
responses to the semi-structured interview questions in a form of a) achievement (making things
possible, completing a task and overcoming barriers), b) preparedness (prepared for a certain
task enabled them to excel), c) being good at math and science (being good in a certain subject is
a requirement to become an engineer), and d) success as an engineer (understand and be able to
apply engineering concepts). Among other themes, math and science were identified as being

essential to be a successful engineer and in choosing and pursuing engineering.
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Table 8: Results for Competence Related Items

Constructs Sub-Code Example

“the person that uses several tools from different science fields like math, physics,

Successful chemistry, etcetera, with the goal or objective to apply it in many different fields”

engineer “Working with my team and throwing ideas and the whole system of the project was

done for engineers”

“If you want to make a good life then you have to follow what's going on in the

world”

Preparedness “If we're not focusing just on the job and industry, then yes. So, because | see myself

in this way and | see myself that I'm going to like to become a really good engineer

Competence in the future.”
(EVT) “I kind of mastered about math, but besides math, | won the chemistry that makes
Good at Math and them make me go in this major instead of the other major.”
Science “I used to be a little bit better at math than most other students. So, I thought that

would be more fun than just reading or whatnot.”

“I chose engineering because I just wanted to prove to myself that I can be able to

take the challenge and prove to myself that I can be good at math and engineering.”

Achievement “When I notice I'm doing better, it’s kind of pushes me to do more. On the converse,
sometimes it's either/or when I'm not doing good, sometimes I'll be motivated to do

better next time.”

Table 8 identifies significant quotes for the competence construct from the shared experiences of
the participants. Furthermore, from the shared experiences, the study concluded that the
participants perceived successful engineers as having the ability to apply engineering knowledge
to real-world applications, contribute to society, create, and contribute to engineering projects.
Additionally, preparedness was shown as a level of adaptation, ability to focus, and a long-term
career. Being good at math and science was considered a need due to the engineering course

work. Participants experienced the need to be good at math and science when they transitioned
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from a community college to a four-year institution. Additionally, participants expressed that
being good at math and science was acquired at a young age, as well as throughout their
academic journey. The achievement was expressed as a form of accomplishment, wanting to do
better on future tasks, facing challenges, and being self-motivated to prove to be good at math

and become an engineer.
5.2.1.2. Attainment Value (EVT)

Attainment value is the importance students attach to a task as it relates to the conception
of their identity and ideals or their competence in a given domain [107]. This study identified
attainment value when participants highlighted the importance of a) the need to care for others,
b) engineering knowledge gain, c) engineering skills improvement, d) financial reward, and e)

personal accomplishment (see Table 9).

Table 9: Results for Attainment Value (EVT) Related Items

Constructs Sub-Code Example
“So, the end goal that I just want to be an engineer helping others as what just
makes me to just get through the engineering courses”
Care for Others
“I feel like, as a woman and minority, it's important that I make become an
engineer to show the younger generations that it's possible.”
“What can you gain from engineering is a lot of things, but I think one of the
Attainment Engineering Knowledge most important things is the knowledge that you'll gain.”
(EVT) Gain “Sharing your knowledge in that constructive way is the most important thing
about being an engineer.”
“I feel like you can gain a lot of skills if you work for them because I think
Engineering Skills becoming an engineer is what you make of it.”
Improvement “From engineering, I think I gain to be purposeful and wise, and have
dedication and try for what I want to be.”
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“Seeing them make a better wage than what I was making was a motivation of

me becoming an engineer.”
Financial Reward

“Really the financials, that's a big thing. I know, just about any field in

engineering pays very well.”

“I want to do it just because I know it's supposed to be hard. I can prove it to

Personal myself that I can do it.”

Accomplishment “T just wanted to prove to myself that | can be able to take the challenge and

prove to myself that I can be good at math and engineering”

This study concluded that personal accomplishment was expressed as the ability to take upon
challenges as an engineer and having the ability to thrive in engineering courses. Financial
reward was expressed as a career in engineering could provide stability and a higher salary.
Engineering skills improvement was seen as a form to develop problem-solving, analytical,
design, technical, and intellectual skills to be used in real-world applications. Such skills could
provide confidence and give the ability to explore engineering opportunities. Engineering
knowledge was expressed as a gain, benefit, and productivity to share this knowledge at a later
point. Care for others was expressed as the ability to care for family members, underrepresented

groups, future generations, or society by following the path of an engineer.
5.2.1.3. Interest (EVT)

Interest from the EVT point of view is seen as the enjoyment of performing a task.
Within this study, enjoyment of performing a certain task was shown when participants obtained
a) engineering challenges, b) hands-on experience (research, internships, group projects), c)

experienced problem-solving d) engineering courses and c) academic support (see Table 10).
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Table 10: Results for Interest (EVT) Related Items

Constructs

Sub-Code Example
“T like challenges. I feel like if I did something else, then | wouldn't be fully utilizing my
Engineering
potential”
Challenges
“I think the topics, even though the courses are really hard, they're really interesting”
“T knew I wanted to become an engineer when I was working in the profession field, and
Hands-on in an industry where there's a lot of engineers.”
Experience Like having something that you made, actually being able to hold it in your hands, that
kind of motivates you to continue with engineering for me.”
“That I'm good at problem-solving. I've always liked doing just problem-solving stuff.”
Interest . _ _ _ _
Problem Solving | “Getting straight A's might be a good thing, but I think success really comes from for me
(EVT)

at least, just being happy with what you're doing, being content.”

“I chose engineering because I really like the subject.”

Engineering
Colrses “As an engineer, in many of my classes that I've already taken, | noticed that there's lots
of critical thinking problems, and honestly, I enjoy things that challenge me.”
“Then I would say the library for sure, and then the computer rooms that we have. Those
Academic kinds of resources I really enjoy.”
Support “And then at the university, there's a lot of programs there where they teach you a lot

about what engineering is, and about the clubs.

The study concluded that participants expressed enjoyment when facing challenges within

engineering courses and projects were identified as being similar to real-world applications.

Furthermore, enjoyment was expressed when participants received hands-on experiences. The

hands-on experience was described as internship or research opportunities. It included workforce

exposure, design, manufacturing, tinkering, and applied theory to real-world applications.

Additionally, participants expressed problem-solving opportunities as a form of interest or

enjoyment. While performing a task, participants expressed being satisfied with the results when
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they showed a certain level of academic success and problem-solving skills. Participants showed
interest when enrolled in engineering courses where they were exposed to the material subject.
Moreover, participants enjoyed challenges that led to expanding their engineering toolbox.
Outside of engineering academics, there were numerous organizations and resources on campus
that encouraged engineering student’s involvement. Participants felt a sense of enjoyment while
studying in lab spaces, joining engineering organizations, networking among other engineering

students from different engineering majors, and having academic support when needed.
5.2.1.4. Utility Value (EVT)

In this study utility value referred to the perceived usefulness of engaging in a task.
Participants identified the utility value of engineering as being a useful tool. They also felt that
being an engineer would allow them to give back to others. Further, participants expressed

engineering as being useful in terms of developing or having the ability to create (see Table 11).

Table 11: Results for Utility (EVT) Related Items

Constructs Sub-Code Example

“create products” or “build the right products”

Usefulness “problem solve” or “obtain a stable job”

“a way to gain knowledge” or “gain prestige”

Utility “The feelings that you get from giving back to others by making the products that they are

(EVT) in need of.”
Give Back to

“Well, helping people, making things a little better in the world.”
Others

I chose biomedical engineering was that | was into both, in engineering and medical, and

more helping the humans and the world making it a little better.”

54



In this study, participants expressed engineering as being useful for participants to manufacture
or implement their ideas. Many participants expressed an interest to develop products that could
benefit society. Participants also shared that engineering would provide a stable job, expand their
knowledge, or gain them recognition. Furthermore, participants expressed the usefulness of
engineering when they were engaged in engineering projects, research opportunities, and
internships. Engineering was expressed as being able to give back to others by making the world
a better place or by solving a problem that affected their communities. Ultimately, participants
expressed enjoyment when making useful products and sharing their engineering knowledge

with others.

Engineering identity results consist of interest, recognition, and performance.
Furthermore, the results evaluated the individuals' experiences to categorize their level of
engineering identity when feeling like an engineer, performing like an engineer, or being

recognized as an engineer.

5.2.1.5. Interest (EI)

Interest was characterized as the attraction towards engineering as well as a formal
understanding of it. Participants expressed attraction towards engineering as a career choice,
early interest, faculty influence & support, family influence & support, previous engineering

exposure, or role models (see Table 12).

Table 12: Results for Interest (El) Related Items

Constructs Sub-Code Example
Interest “So, my career goal is to work for an Aerospace company, doing modeling and
Career Choice
(ED) simulations”
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“I know that with engineering, you can market yourself in many different fields,

pretty much.”

I had this inkling that I would be somebody to build something in the future.”

Early Interest “When I was a kid, I would see the TV remote, and just break it apart and see what's

inside and just put it back in.”

I met a lot of engineering professors, and that really also helped me to be on that way,

Faculty Influence & and make sure that I'm in the right path.”

Support “Well, every professor that | met so far, they really had a really good influence on

me, and they really helped me from the beginning when I was in college.”

“You know, what motivates me for engineering is similar to what motivates me for

Family Influence &
school. T would say it's my family.”

suport I want a stable job that I can help provide, I hope, provide my parents later on.”

“I do have a family friend that is a professional engineer that has shown me a little bit
Previous Engineering about what it's like to be an engineer”
Exposure “Honestly, since I was a kid, I always knew I wanted to do engineering because I was
very involved in it.”
“My motivation I think mainly comes from the people before me, such as Elon Musk
and Leonardo da Vinci and the people with great minds,”
Role Models

“Professor, Dr. Alex Sim. He used to work for NASA and then he retired and now he

just does science projects from NASA.”

Interest in engineering was expressed as a career choice. Some examples that participants shared
were to work for an aerospace company, have a stable job, or become a business owner.
Participants indicated attraction towards engineering as an early interest. The early interest
ranged from as early as childhood or halfway through community college. Additionally,
participants indicated that they later realized that tinkering with electronic equipment, playing
with Legos, or building something was closely related to engineering. Other participants

indicated their interest in engineering with wanting to attend a STEM event or wanting to join an
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engineering club because it seemed interesting. Previous exposure contributed to the
participants’ interest in engineering. Exposure was obtained via engineers who already worked in
the field. Some examples of exposure to the engineering field were a tour of an engineering
facility, real-life experiences with an engineer, or involvement with engineering at a young age.
Some participants indicated that interest in engineering was not directly influenced by attraction
or material subject. Participants indicated attraction towards engineering due to what it could
provide and by its ability to provide financial relief to family members. Participants mainly
expressed engineering as being a way to provide parental support and financial relief. Another
form of interest was in the form of faculty and role models who encouraged participants to seek
an engineering major. Furthermore, the faculty acted as a form of guidance when participants
showed a certain level of academic performance. This resulted in faculty asking participants to
enroll in engineering courses or provided guidance and support towards the path of engineering.
Other participants sought engineering because they admired previous accomplishments and

achievements from great scientists, mathematicians, and physicists.
5.2.1.6. Recognition (EI)

In this study, recognition was defined as a form of being recognized by others, which was
needed for the participants’ self-engineering identity development. Participants expressed
recognition as a) self-recognition, engineering in progress or not yet, and b) recognized by
others, among peers, professors, and professionals. The recognition occurred when participants
were participating in engineering projects, research exposure, internship opportunities, or had

joined the engineering workforce (see Table 13).
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Table 13: Results for Recognition (El) Related Items

Constructs

Sub-Code

Example

Recognition

(ED

Self-Recognition: In

Progress

“Engineer in training and training because | mean I don't have my degree

2

yet.

“T assumed that from the point from now until me getting my degrees, two

years and two quarters”

Recognized by Others

“I think the most times that people view me as an engineer is where they

actually see my project in person.”

“if you come up with a solution, you have to be able to present it to other

people to make them agree with you.”

Recognized by Peers

“I'm really good and I take the lead and they really follow what I say, and

they understand that I know what I'm doing.”

“Many times, I've tried to take the lead of many projects and what not. I've
seen people really look up to me. Even my peers, people that have higher

grades.”

Recognized by Professors

“For example, with my research professor, he's really nice and he really

makes it feel like he respects me”

Project, Internship &

Research Participations

“Yes, I do. I would say so. Some of the projects I work on if I would've not

gone to school, or haven't studied any engineering.”

“When I'm sharing a project that | worked on or a design or anything that

shows this person is like on engineering path.”

Recognition was expressed as self-recognition when participants identified themselves as

engineers. Most participants indicated that they were engineers in progress. Also, many

participants felt that to feel like an engineer or call themselves an engineer, an engineering

degree was necessary. Yet, other participants indicated that even after degree attainment they

might not be able to call themselves engineers. Apart from self-recognition, participants

indicated the need to be recognized by others, including professors and peers to consider
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themselves engineers was significant. Recognition by professors was expressed when
participants were involved in research opportunities. These opportunities allowed the participants
to experience a certain level of respect and satisfaction. Additionally, recognition by others was
acknowledged when participants were asked about their major. When responding “engineering,”
participants felt a sense of pride when they were told that they must be very smart to be studying
engineering. Lastly, peer recognition was expressed by participants as working on course

projects or just by being part of an engineering community.
5.2.1.7. Performance (EI)

Performance was defined as the participants’ belief in being competent and be able to
perform effectively in engineering. Participants expressed performance as a personal
characteristic. Such characteristics consisted of developing engineering skills, becoming

hardworking, and self-evaluation on personal performance (see Table 14).

Table 14: Results for Performance (EI) Related Items

Constructs Sub-Code Example

“An engineer is a person who can think about a problem and try to solve it in a

scientific way with math, physics, or programming for different ways, to solve a

Engineering
problem”
Skills
“So, I would say I'm an engineer in one way because I'm able to solve those kinds of
rough problems based on what I learned.
Performance
“Sometimes he got higher than me, a higher grade than me, and then I have to put me
(ED
Hardworking study more and more to get higher, and so that's where.”
Skills “The fact that I spent hours and nights and completely study until I... My sacrifices

being rewarded I think contributed to me continuing this path of these courses.”

“So, of course, | have more knowledge about engineer than them. And then some
Self-Evaluation
problem that I learn in class, they don't have.”
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“I know for myself my grades are not my strongest skill.” And “but that theory, the

knowledge, understanding is much greater the concepts.”

Participants expressed their belief of being competent and capable to perform effectively in
engineering required problem solving, creativity, and communication skills. Being hardworking
was an additional important engineering characteristic needed to encounter difficult tasks and
challenges. Additionally, there were levels of competitiveness among engineering students.
Participants expressed the need to work harder when their academic performance was low and
the need to overcome certain challenges. When encountering a challenge or a difficult task,
participants performed a self-evaluation. The self-evaluation would help the participant identify
what was required to complete the task. If academic performance did not reach a high level of
performance, participants were aware that they needed to make improvements. Additionally,
participants experienced a negative performance when participants in group project settings or

when they were excluded from certain activities.

5.2.1.8. Sense of Belonging

A sense of belonging was noted by participants as attaining comfort by asking questions
during lecture, seeking assistance, faculty-to-student and peer interaction, and university

community inclusion (see Table 15).

Table 15: Results for Sense of Belonging Related Items

Constructs Sub-Code Example
Sense of Comfortable Asking “Yeah, in class whenever there's the opportunity to raise my hand, and I would
Belonging Questions write down questions or approach the professor after class to ask questions”
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“in general, like I'm really confident like if T have a question, I can approach

somebody and ask them.”

“No, I feel like the resources were there. I think I can just go and get it, like take

Comfortable advantage of it.”

Seeking Assistance “If T wanted to talk to someone, I need someone I'll definitely go out and be like,

"Hey, I need this."

“I know a lot of my peers have already taken the courses so I can ask them for help,

ask them for advice.”
Peer Interaction

“Connected to my friends. I know that for sure. Usually, if they're my peer, they'll

become my friend.”

“I am extremely comfortable, and [ am aware that I can reach out to them in their
Faculty-to-Student
office hours and talk to them about concerns.”

Interaction
“So, I feel like there's easy communication between the faculty and student.”
“I think it's very supportive with the engineering community. Because everyone's
experiencing the same courses and stuff, so they're very understanding and they're
University Inclusion very helpful”

“Being involved in the community, through a resource like UC LEADS I was able

to meet very numerous influential individuals”

Participants expressed having acquired a sense of belonging when they felt comfortable asking
questions during a lecture or after class. Participants were not hesitant to raise their hands during
the lecture or attend office hours to ask questions. Furthermore, students felt comfortable
reaching out to professors and teaching assistants (TAs) via email to inquire about a homework
problem or exam question. Additionally, seeking assistance among peers or outside the
engineering community was not uncommon. Participants indicated feeling comfortable seeking
out tutoring or mentoring assistance or emailing counselors with academic plan questions.
Faculty-to-student interaction was not uncommon among participants, especially when a faculty

mentor was assigned to a participant. Overall, a friendly environment was expressed as being
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part of the university community. Participants felt that other students were welcoming and
friendly. If needed, participants felt comfortable asking questions and making friends among

students from different engineering departments.

5.2.2. Domain Areas

The most repeated themes are shown in Table 16. These themes were identified as the
most repeated motivational factors that led low-income engineering transfer students to choose

and continue to pursue engineering degree attainment.

Table 16: Second Domain Area from the Participant's Perception

Domain Area Code / Theme
Intellectual Development Engineering knowledge
Social Persuasion Faculty and Peer Influence

Mastery Experience Internship and Research

Experience
Attention to Human Ethical Family Values and Community
values Support

Hardworking, Honesty, and

Personal Integrity Dedication

Achieving Inner Satisfaction Early Interest, and Personal Goals

From the student’s perspective aside from a career choice, themes and codes were developed to
formulate a generalized domain area where participants expressed motivation to choose and

pursue engineering.
5.2.2.1. Intellectual Development

Participants reflected that gaining knowledge motivated them to choose and pursue

engineering. Knowledge in engineering was found to be crucial as participants felt that
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engineering is learned. Additionally, knowledge was an intricate process that required discipline

and understanding of real-life applications. A participant described it as:

“No one's born knowing how to do engineering or any of these difficult courses, but one
has to have the discipline to sit down and learn everything and this isn't very easy stuff.
It's very easy to just give up on it or just learn half of it or learn as much as you need to
pass. To actually understand the subjects and apply it in the real world you have to really
have the discipline to understand the theory and not just the problems and how to apply to

understand how everything's implemented together.”
Another participant seemed to be fascinated by knowledge and described it as:

“I’m a really big fan of knowledge and knowing science and how to apply technology in

the field.”

Technology advancement was something participants addressed and saw opportunities along

with it. Its importance was explained as:

“I chose engineering because I figured that with the technological advances that we’re
experiencing and stuff like that, | just feel like it’s just a booming field and there’s just a

lot of opportunities there.”

5.2.2.2. Social Persuasion

Faculty and peer interaction were among the most common themes of motivation to
choose and pursue engineering. Faculty interaction was described as a supportive and inspiring
aspect. Participants expressed their interest based on how professors provided support, answered
questions, and showed passion about the subject. Additionally, peer influence played an
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important role when participants lacked confidence, needed assistance with course material, or
provided a sense of inclusion. Faculty support was acknowledged to be a motivational factor,
especially when participants were seeking support and were able to get questions answered
regarding the subject material. In addition to faculty, teaching assistants also influenced

participants’ motivation. A participant described it as:

“the professor, even though he had 30 to 40 students in his office hours, he made sure to
stay like eight, 10 hours every time we had a midterm. The day before the midterm, he
would always stay eight to ten hours, which I thought was really... said a lot about how
much he cares about his students. The teaching assistants (TAs) were really, for the class
specially, they were really supportive and always made sure that we understood the

problem before going ahead.”

Faculty support in a classroom environment and the teaching methodology was inspiring when
professors showed a level of passion about the subject which in turned motivated students to

seek future enrollment in upper-division engineering courses. One participant described it as:

“I would love to take their master classes, but at this point I already have enough on my
plate. But | am really considering retaking some of the professors, they are really good.

Some of them are really inspiring”

Participants who were surrounded by others with similar interests in engineering. Those that
provided support to the participants contributed to their motivation. Student support in the field
of engineering was obtained when participants found classmates to study, collaborate on

assignments, and group projects with. The support was also moral. Participants highlighted the
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importance of being surrounded by smart individuals who were encouraging. One of the

participants stated:

“The people I am surrounded by, they’re always pushing me when I feel down. They’re

always reassuring me that I’'m actually smart and that [ would make a good engineer”

Participants described their motivation as a great accomplishment to society. Furthermore,
participants portrayed role models as an influential factor, if someone else did it, I can do it, by

describing it as:

“My motivation I think mainly comes from the people before me, such as Elon Musk and
Leonardo da Vinci and the people with great minds, because they’ve pursued this path

and they did great things, and that motivates me to become like them.”
5.2.2.3. Mastery Experience

Participants recognized that a research or internship opportunity in real-world
applications would help them thrive in engineering. Participants found value in hands-on
experience. Having hands-on experience consisted of course projects, conducting research, and
internship opportunities within the field of engineering. It would allow them to build confidence
and slowly progress into becoming an engineer. Many described that they were engineers in
progress and that it would take some sort of engineering experience or participation in a real-
world project to be fully considered an engineer. A participant explained his research experience

as:

“I was able to work along with a professor who worked in the industry before and also |

worked along Ph.D. students who also worked in the industry before... So, I basically
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worked with engineers, and | was able to get their response that | was successful in my

work”

Furthermore, participants shared that as their engineering experiences continued in forms of
networking, collaboration, and challenging tasks they began to realize some of the required
engineering skills need, these skills included patience and critical thinking. A participant

described such requirements as:

“Yeah, you gain a lot of things by meeting a lot of people, because engineering requires a
lot of group work and teamwork. You are going to go through a lot of obstacles and that’s
going to require a lot of patience, so you are going to definitely develop a lot of patience

and critical thinking along the way.”

Most of the participants recognized that they were not considered engineers, but the participants

defined themselves as an engineer in progress. One participant described it as:

“But I am a work in progress obviously, we’re not engineer yet, we don’t have a degree.

But I definitely consider myself to be a thinker in the way of engineering”

5.2.2.4. Personal Integrity

Motivation in engineering varied from participants. Some participants were motivated in
engineering due to personal or financial gain. While other participants expressed their motivation
towards engineering as honesty, personal integrity, possible failure, hardworking and it was just
meant for them to be engineers. A participant addressed their motivation as a form of personal
core values. This participant was not afraid of failure and was proud of what he had

accomplished. He expressed his accomplishment as:

66



“Honesty and integrity are probably the biggest ones because even though I did poorly, |
think I’m still proud of what I did and how far I’ve come, and I’m never embarrassed to

say that | failed, and a lot of engineers do fail while they’re in school.”

Another participant encompassed motivation as an event that was meant for him to embrace, the

participant expressed it as:

“I felt like it fit with me, for sure. Like I said, I like to work with my hands. I like to

create things, solve problems, this felt like it was for me.”

Other participants described their motivation based on the time and work they had already

applied to accomplish the task. A student expressed it as:

“Hardworking, just dedication, mentally strong too. A lot of these tests are stressful, to
say the least. If you break under stress or pressure very easily, I don’t think you will end

up getting through the school”
5.2.2.5. Achieving Inner Satisfaction

Most participants in this study identified having an interest in engineering during their
childhood, high school, or while in community college. Interest varied from tinkering,
recognition, personal goals, prestige, career goals, or just being challenged. Their interest created
satisfaction through a sense of accomplishment or a form of recognition. One participant

described interest in engineering as originating from:

“When I was a kid, I would see the TV remoter, and just break it apart and see what’s

inside and just put it back in. So that is an engineer to me”
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Another participant described interest as being surrounded by other engineers during family
gatherings and seeking to be like them. Engineering exposure influenced the participant to

choose engineering as a major and view it as prestigious. The participant stated:

“Well, when I was growing up, I was surrounded by a lot of friends. My family didn’t
really have any engineers, but friends of the family had engineers that | grew up with.
And | was wanting to like to be like them, and you’re always attracted by the money, but
having the prestige and being able to call yourself an engineer is one of the things that

really set aside and made me want to pursue the career”
Another participant described it more as a moment of accomplishment by explaining it as:

“I felt like every time I overcome the challenge, I felt more accomplished when |

accomplished something in, let’s say, chemistry.”

5.2.2.6 Attention to Human and Ethical Value

Family influence was the most important motivator among participants. An important
aspect of motivation was highlighted when participants felt that they needed or had to support
their family, provide higher living standards, or having been supported by their family to pursue
higher education. Apart from upholding a tradition, most participants felt that they were in debt
to their family. Participants shared that their parents did not have the financial resources to
support their children through higher education but with the effort they did. Participants believed
that they had to thrive in their academics, or the sacrifices of their families would be a form of
failure and disappointment. In addition to family influence, other participants found diversity and

lack of participation of underrepresented groups to be a motivator. This was especially evident
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for women in engineering. One participant shared that having family support to pursue higher

education was about recognizing her family’s sacrifices. He participant stated:

“I will say for sure is my family because I know they put a lot of effort and they have

been supporting me a long time.”

Another participant described motivation as keeping a tradition in the family to continue to

pursue an engineering degree. Keeping the family tradition was described as:

“I primarily believe my motivation to pursue engineering is just how fun it is to create
something new. It’s been a big part of my family and I want to continue the tradition of

engineering, and it’s been more of a cultural thing in my case within my family.”

The lack of underrepresented groups in engineering was seen when one of the participants stated
that the lack of women in engineering was her motivator. While another participant shared that

women engineers could equally perform. The participant described it as:

“I think one the reasons that I really, really wanted to do it, obviously after all that | told
you was that when | figured out there are not many girls in engineering, it makes me even
more motivated to become an engineer. Because I think there shouldn’t’ be any
difference. Because I think there should not be any different. No matter if you are men or
women you can do all do the same thing. It does not matter. So, that was one of the

reasons.”

A participant described the financial aspect as their motivator. This participant shared how hard
his mother had to work, increased his motivation, which in turn became his dream and aspiration

to become an engineer. The participant expressed it as:
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“I guess the financial aspect really helps. Also, being able to support a family. Since
especially coming from low income with a mother that works a lot, it definitely adds a lot

of motivation to my dreams and aspirations to become an engineer.”

Another participant expressed her decision to choose engineering by wanting to take care of an
environmental issue that was affecting her community. She identified the problem and realized
that engineering had a real-life application. At that time, the only possible way to solve that issue

was to become an engineer and she stated by:

“I want to become an engineer for a very long time ago when | was a little girl when my.
The town with the very dirty river is because of manufactory. So, | want to become an

engineer to solve that problem, and help people have a better health.”

Based on the shared experiences, categorized as a 1% domain and second domain,

provided significant evidence to answer the three fundamental research questions.

5.2.3. Why Do Low-Income Transfer Students Choose
Engineering?

In the semi-structured interview, participants were asked to share why they chose
engineering as a major? Results indicated that most of the participants chose engineering because
of early interest, ability to care for others, engineering interest, or the benefits of engineering.
Early interest included early childhood, high school, and early community college interest in
engineering. Ability to care for others entailed family, community, and global influence.
Engineering experiences involved exposure to the field, engineering challenges, engineering

experience, creativity, being good at math and science, and innovation/technology. The benefits
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of engineering captured job opportunities, engineering knowledge, financial reward, and

usefulness.

Students' responses provided noticeable trends that indicate when and why low-income
engineering transfer students chose engineering as a major. A noticeable trend was shown when
participants indicated choosing engineering due to an early interest. Early interest originated in
early childhood and during high school. This trend illustrates that students' decision to choose
engineering degree attainment was influenced mostly during adolescence. The participants
shared that during their adolescence, family financial struggles or family health-related issues
were the greatest motivators to pursue engineering. This trend was supported when students
indicated that engineering would provide the means to support their family or address a global
problem (i.e. alleviate financial hardships, finding a cure, or making products affordable).
Furthermore, becoming an engineer would provide stability or solutions (i.e., job opportunities,
usefulness, and bring financial reward). Lastly, engineering interest illustrated how their interest
occurred during adolescence and not before. Interest was shown based on their level of
involvement with an engineering-related task(s) or experience(s) (i.e., exposure to the field,
engineering experience, engineering challenges, or being good at math and science) and not
historical event(s) or engineering related subject (i.e. landing of the moon, time travel, back to

the future, or energy efficiency).

Frequency counts and the number of participants for each category are shown in Table
17. It must be noted that the frequency counts and the number of participants offset is due to how

the participants described that specific theme differently.

Table 17: Choosing Engineering Results (Frequency counts and number of Participants)

Category Theme Frequency Count N (%)
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Early Childhood 7 6 (30%)
Earlier Interest High School 9 7 (35%)
Community College 3 3 (15%)
Family 4 4 (20%)
Ability to Care for Others Community 2 2 (10%)
Global 7 7 (35%)
Exposure to the Field 22 14 (70%)
Engineering Challenges 7 6 (30%)
Engineering Experience 10 7 (35%)
Engineering Interest

Creativity 9 8 (40%)
Being Good at Math & Science 9 7 (35%)
Innovation/Technology 6 5 (25%)
Job Opportunities 8 6 (30%)
Engineering Knowledge 7 6 (30%)

Benefits of Engineering
Financial Reward 10 7 (35%)
Usefulness 8 7 (35%)

them is an engineer.”

was related to an early interest. One participant described it as:

Based on the level of involvement a participant stated:
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“I wanted to do engineering because | was very involved in it.”

Out of all the categories, the most significant theme that led students to choose engineering as a

major was exposure to the field expressed by 70% of all the participants. Exposure to the field

“I knew I wanted to become an engineer at a very young age, around seven or eight years

old. My family takes me to a lot of engineering events within their companies and one of




Working in the engineering field, a participant decided to choose engineering due to exposure

and realizing the difference in wages:

“I wanted to become an engineer when | was working in the professional field, and in the
industry where there’s a lot of engineers. Seeing them make a better wage than what |

was making was a motivation of me becoming an engineer.”

Overall, participants expressed that engineering exposure, engineering involvement, attending an
engineering event, or working in the field were the most significant factors that led participants

to choose and pursue engineering.

5.2.4. Why Do Low-Income Transfer Students Continue to Pursue
Engineering?

When participants were asked to share their experiences as to why they continued to
pursue engineering, participants' responses were categorized by student support, engineering
experiences, the engineering community, engineering interest, benefits of engineering, and
individual integrity. Participants illustrated that one of the reasons they continue to pursue
engineering is one of the main reasons they chose engineering, the benefits engineering can

provide.

A noticeable trend is the importance of student support and engineering community, it highlights

the need for student support from various sources to continue to pursue engineering.

Furthermore, engineering interest and engineering experience provided the necessary tools to
embraced engineering. Moreover, initially, family struggles were seen as a burden but they
became a motivational factor in the form of support and ambition to continue to pursue

engineering. Lastly, a noticeable trend is shown by individual integrity where it illustrates the

73



level of commitment to succeed in engineering. Pursuing engineering themes and frequency

counts are shown in Table 18.

Table 18: Pursuing Engineering Frequency Count Results

Category Theme Frequency Count N (%)

Academic 22 14 (70%)
Student Support Family 31 17 (85%)
Mentorship 15 10 (50%)
Engineering Challenges 23 13 (65%)
Engineering Courses 32 13 (65%)

Engineering Experience
Group Projects 8 6 (30%)
Research and Internships 10 8 (40%)
Peer Influence 30 16 (80%)
Engineering Community | Faculty-to-Student Interaction 38 16 (80%)
Inclusion 12 8 (40%)
Exposure to the Field 12 9 (45%)
Being Good at Math & Science 7 5 (25%)

Engineering Interest

Attraction towards engineering 24 14 (70%)
Enjoyment 22 12 (60%)
Job Opportunities 12 7 (35%)
Engineering Knowledge 10 7 (35%)

Benefits of Engineering
Financial Reward 16 10 (50%)
Usefulness 13 8 (40%)
Self-Motivation 17 12 (60%)
Innovative 5 5 (25%)
Hardworking 11 8 (40%)

Individual Integrity

Ethical Values 10 7 (35%)
Determination 12 7 (35%)
Goals 13 8 (40%)
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Based on the percentage of all the participants indicated was an influential factor to continue to
pursue engineering were academic support (70%), family influence (85%), peer influence (80%),
faculty-to-student interaction (80%), and attraction towards engineering (70%). An interesting

factor is that only 50% of the participants pursued engineering due to financial rewards.

Participants described the influential factor of academic support most often as a form of

mentorship while participating in academic programs.
A participant acknowledged mentorship when joining a program as:

“Yeah. I have like, for example, in my organization, like in the actual STEM program,

there are mentors, many mentors actually, and professors who are part of it who are there

to support the students.”

Similarly, participating in a program enabled participants to seek advice and collaborate among

other students with the same interests. One participant described it as:

“Okay, so let's start with the S-STEM program. So obviously I go and | talk to other
fellow engineering students and | get their point of view about studying at UCI and ask

about their experience and their advice as to how to be successful with doing in school”

Participants viewed academic support and personal contribution as being important. A

participant described it as:

“I feel like without some of the resources that have been given at my school, at UCI, at
IVC, I wouldn't be where | am today. So, | think that, for example, there's tutoring.
Especially right now at UCI, we're given everything we need pretty much. It's very

resourceful. And yeah, I'd say that it's 50% doing what you need to... No, I'd say it takes a
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lot out of you to do it. But as far as being able to, it's a lot about the resources that are at

hand.”

Additionally, academic support and mentorship were mentioned as a way to push forward. It was

described as:

“The support group that I found within UC Irvine is a really strong source of support. I
feel it'd be a lot harder if I didn't have a group of students rooting for me to make it. It'd
be a lot harder if | was alone in the university struggling instead of having like mentees
and mentors and others in the same organization with the same morals and the same hope

and aim that I have to keep pushing me forward.”

Academic support was also found in the form of engineering resources, such as study spaces. A
participant’s motivation to continue to pursue engineering was influenced by the resources the

engineering department offered and expressed it as:

“Oh, at UCI? Oh, okay. So over here | think there's a lot of different research
opportunities in engineering, engineering department, that | really think they're so
interesting, and | really wanted to participate in those. So that's one of the reasons that it

keeps me motivated in engineering here.”

An important aspect of academic support was having a study space with longer hours of
operation where students can study and prepare for exams. A participant expressed such support

as:

“The first one is, of course, a space study. The library is very good for the first quarter,
but then | have to move because there are more people that come in. So, | moved to the
ALP because it's a new place, and then have a lot of space So can go there than study.
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And then I moved there. And | study with my friend in there, and also I... This is outside

of school, but it's a place many people go to study and not just to hang out, but study.”

Family played a significant role in the participants’ motivation. Family influence was presented
in the form of the need to support a single parent or provide financial support. In the context of
student support, participants found family support as a reminder to themselves of why it was so
important to continue to pursue an engineering degree. Participants who experienced their family
struggle gave them aspirations to continue to be successful in their studies. Furthermore,
participants who were not asked to contribute economically to their household found
encouragement to pursue engineering. An example of this was when the researcher asked the

question about pursuing engineering to a participant. The participant stated:
“What helps me pursue engineering? I would say, my parents”

In addition to family support, another participant added the fact that the participant grew up with
a single mom. This participant also shared that sometimes that the family struggled financially to
make ends meet. Taking such facts into consideration, the need to follow through the

participant’s education was expressed as:

“You know, what motivates me for engineering is similar to what motivates me for
school. I would say it's my family.” And “Growing up, I had a single mom with my three
brothers, so it was tough at times. And | know that as an engineer, if I'm good at being an
engineer and | follow through with it and | enjoy it and I can also make a good income

out of it, then | know I'm safe.
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Further, having a hardworking mother who worked a lot, was a positive influence for one
participant’s motivation to continue to pursue engineering. This participant viewed engineering

as a solution to financial relief. This participant expressed it as:

“Since, especially coming from low income with a mother that works a lot, it definitely
adds a lot of motivation to my dreams and aspirations of becoming an engineer. Being

able to provide financially and take care of a family.”

Family influence also motivated students to continue to pursue an engineering degree in different
ways. Some participants wanted to provide financial support; while others wanted their parents
not to work so much or become the main source of income. Additionally, family support
motivated a participant when a difficult situation arose. One participant stated, as to when “my
dad was sick” and the participant wanted to “provide my family with the money in case he
passed away.” In some situations, motivational influence to pursue engineering was found when

a difficult situation transpired.

Faculty-to-student interaction was described as working on research projects and “having
a discussion about the topic”, or attending office hours, asking questions during the lecture. Peer
influence was described as having the support when “needed help with the homework” or “share
lecture notes”, or “study for exams together.” Attraction towards engineering was noted when
participants mentioned “wanting to work for a large aerospace corporation” or “solving problems

as engineers.”

5.2.5. When Do Low-Income Transfer Students Believe That They
Are Engineers?
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The answer to research question number three, when do students believe they are
engineers, two questions were asked; a) Do you see yourself as an engineer? and b) Do you
believe you are already an engineer? Results indicated that the majority of low-income transfer
engineering students believed they were engineers in progress. Some participants indicated to
feel like an engineer when participants had participated in projects, research, and internship
opportunities and were recognized by their peers and professors. The engineer in progress was

the most significant response.
Engineer in Progress

Throughout this study, participants viewed themselves as engineers in-progress. Responses vary

from (see Table 19):

Table 19: Do you see yourself as an engineer?

Question Response

“not yet”

“I'd say halfway”

“No, I don’t have all the skills to be an engineer right now”

“Yeah, I don’t believe I am an engineer yet”

Do you see yourself as an

engineer? “No, I don't. | think in order to be a full-fledged engineer you would need a degree
or years and years of experience.”

“I don't believe I'm a full engineer yet”

“No, I don't think so yet”

“I don't feel confident”

Participants acknowledged that being an engineer required additional hands-on experience and

an engineering degree or higher education.
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When the researcher asked participants if they believed themselves to be engineers, most
participants responded with a “not yet” response. A follow-up question was asked, tell me more
about that. Participants expressed that to be an engineer, they would need engineering experience
or having an engineering degree. Engineering experience consisted of group projects, research,
internships, or engineering field. Participants identified themselves as engineers when they have
had some engineering experience or had interacted with professors or engineering professionals.

Participants' responses are shown in Table 20.

Table 20: Responses-Do you believe you are already an engineer?

Question Requirements to Fell Like an Engineer

“If you've been part of a company for 30 years, and maybe for 10 of those years you were
doing design, and prototype stuff, then yeah, you're probably an engineer.”

“Having the degree, I think you'd be an engineer. So, having the degree and then having the
experience, | think you're already an above-average engineer.”

“No, I don't. I think in order to be a full-fledged engineer you would need a degree or years
and years of experience.”

“I don't have that much experience right now working on machines, hands-on things. | just
have theoretical knowledge so far. | don't have the actual real-life experience.”

“So, I just cannot see and feel myself as an engineer. But | think | need to have a work
experience to call myself an engineer.”

Do you believe you are ”_Oka;_v‘ Yes. I_think I can see myself as an eng_ineer I_Jecause during_the summer, I had alfull-
already an engineer? time internship at a medlca_ll company and this r_nedlcal company dlo_l mostly CAI? dr_awmgs
and AutoCAD, AutoCAD it's solid works drawings for medical devices and | think in that
environment, communicating with my team and talking to other people in different disciples
like machining for example, or process development or R&D, | think that during that time in
the summer, | really learned what it meant to be an engineer. | think | have the capability
because of the projects that | completed in that timeframe | was there. ”

“I would ... yeah. Okay. I would say, back to the internship again, | was able to work along
with a professor who worked in the industry before, and also, | worked along with Ph.D.
students who also worked in industry before along with basically they are engineers. So, |
basically worked with engineers, and | was able to get their response that | was successful in
my work.”

“I believe they do. Just kind of taking the fact that I've had these experiences and I've had all
these opportunities to do work with really prestigious professors at other schools.”
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Results from both questions indicated that students felt that they were engineers in progress.
Furthermore, participants identified themselves as engineers when they; working among fellow
engineers and professors or when their peers provided them enough confidence to consider
themselves engineers. A substantial trend is that students needed continuous support and
experience as an engineer. Additionally, reassurance and recognition of doing engineering,

feeling like an engineer, and being an engineer were necessary.
5.2.6. Unexpected Findings

The semi-structured interviews identified a few interesting findings. The first finding was
from a participant who described that financial aid alleviated some of the financial constraints
associated with educational costs. However, this participant stated that if financial resources
were not available, the participant would have to drop out of school and find a job. Then after
saving enough money, the participant could then continue to pursue an engineering career. The

participant described their situation as:

“So definitely helps me a lot. If I didn’t have these resources, I might end up doing like
other people, drop one year, earn bunch of money, save up so much money and then go to

school, take a loan, you know to do that stuff.”

One interesting finding from this quote was that the participant would have to drop out of school
and save money to be able to return to school. From this specific situation, a few questions arose;
a) how long does it take to earn enough money to fully support one’s education, b) what are

other potential factors that would prevent the student from returning and continuing to pursue an

engineering degree, and c¢) how difficult would be returning to school be after finding a job and
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d) if the job does not relate to engineering, would the student continue to pursue an engineering

degree or chooses a different path?

Another interesting finding in this study was the level of motivation and confidence
needed to pursue an engineering degree when a student has not done well during his early
academic career. In this study, the participant who had not done well early in their academics
mentioned that they did not have role models. Additionally, this participant shared that the lack
of role models emerged from their low-income background. The participant described their

experience as:

“So, I feel like I did so poorly in my early years in academia because I didn't have any
role models or any examples that someone from my social-economic background can

make it in a field of engineering or anything as challenging as this.”

Despite this participant’s past academic performance, the participant had a willingness to thrive
in the field and to help others, especially those from the same background. The desire to help
others was common among the participants in this study. Other participants shared the passion to

teach and encourage others to follow a similar path. One participant described this passion as:

“So, I feel like it would be really rewarding to make it in the field of engineering and not
just survive but thrive in this field. Just to set an example for any other underrepresented
students too, so as an example, to show them that we can make it in this challenging field
and just because there's not a lot of us doesn't mean we can't be top of our class, making

them very rewarding universities and make it a really prestigious grad schools.”

One participant had a lower academic performance before entering a community college was

attributed to not having a role model. Two questions that can be drawn from this participant's
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situation are: what is the driven mechanism to continue to pursue engineering? and what drives

the participant to become a role model in the challenging field of engineering?

The third interesting finding in this study relates to diversity. Concern for diversity was
seen in four out of the twenty participants. These four participants indicated feeling
underrepresented in the field of engineering and wanted to become role models for future
generations. A participant felt that there were not “enough Hispanic professors” or “professors
and mentors that come from very poor backgrounds” or feel “like we could have more

representation”. Additionally, the participant stated:

“that we can make it in this challenging field and just because there's not a lot of us
doesn't mean we can't be top of our class, making them very rewarding universities and

make it a really prestigious grad school.”

Similarly, participants expressed the need to represent an underrepresented group when choosing
and pursuing engineering. One participant said it was feeling like, “as a woman and minority, it's
important that | make become an engineer to show the younger generations that it's possible.”
Or noticing that “there's not that many girls in engineering, it makes me even more motivated to

become an engineer.” This participant further stated:

“I have six uncles who are all engineers, and I thought that they're doing is really cool.
And besides, there's no woman in the family who has been doing engineering yet. So, |

kind of want to give it a try.”

Ultimately, these four participants noticed certain disadvantages among underrepresented groups

and want to make a difference.
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The fourth interesting finding in this study was with one participant and the time that they
had already invested in studying engineering. This participant felt that they needed to continue to
pursue an engineering major because any desire to study something else was outweighed by how
much time they had already put into engineering. This participant shared that the only possible
solution was to push forward. Additionally, this topic raises the question as to, when engineering
students feel that it is too late to change majors? This topic illustrates a glimpse of the numerous
struggles that engineering students face. Ultimately, demonstrating more need to support and

motivate low-income engineering transfer students throughout their academic journey.
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6. DISCUSSIONS

6.1. Synopsis

Previous studies have shown that motivational factors are more important than academic
factors in retaining engineering students [47]-[49]. Additionally, other studies identified
engineering identity as being an influential factor to choose and pursue engineering as a career
[80]. Moreover, studies have shown that a sense of belonging can influence the students’
decision to leave or switch from an engineering program, particularly true for underrepresented
groups [5]-[9]. On the contrary, previous studies have shown that those students who acquired a
sense of belonging received positive influences on their level of motivation, engagement, and

achievement [88].

Results from this study indicate that low-income engineering transfer students choose and
continue to pursue engineering degree attainment due to the opportunities engineering offers,
financial reward, ability to care for others, and student commitment. Furthermore, the decision to
choose engineering degree attainment is mostly influenced during their adolescence where
financial struggles and health-related issues affect them the most. Additionally, continuous
support from faculty, peers, and family is an important motivational factor for low-income

engineering transfer students to continue to pursue baccalaureate degree attainment.

Findings from this study can assist post-secondary institutions to develop a pathway
model that can reduce barriers and can increase retention and graduation rates at two-year
community colleges and four-year institutions. Through the questions asked and responses given
in this study, a reduced gap in the research literature about low-income engineering transfer

students may be useful to increase student enrollment and retention. Additionally, the findings
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may allow programs to better understand and address low-income engineering transfer students’
needs, desires, interests, expectations, and misconceptions of students about entering four-year
institutions. Furthermore, it may guide faculty, counselors, mentors, and staff on how to inform a
student on the type of support and resources are available when entering an undergraduate

engineering program.

This study provided detailed information about what types of experiences can motivate
low-income engineering transfer students to choose and pursue an engineering degree. For
example, early interest, faculty-to-student interaction, family influence, hands-on experiences,
peer influence, and financial support emerged as critical factors that positively influence the
student’s decision to choose and pursue engineering. Additionally, upon transferring to the four-
year institution, transfer students indicated that they were more interested in finding research and
internship opportunities because they felt that it was a necessary experience post-graduation.

Students highlighted that such opportunities were competitive and hard to come by.

Participants in this study indicated that they had gained motivation during their transition
from a two-year community college to a four-year institution. Participants identified that this
motivation was attributed to having participated in the one-week summer program which
provided a level of comfort and the opportunity to get acclimated to the university community.
During this one-week program, the participants were able to familiarize themselves with a
classroom environment and awareness of potential resource centers for future assistance and
support. Furthermore, participants were assigned a peer and faculty mentor that met with the
participants individually, three times a quarter, or as needed. Additionally, this support was

intended to guide the students through the next steps and challenges ahead. This support enabled
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students to gain confidence and some level of sense of belonging. Ultimately, this motivated

participants to continue to be enrolled and thrive in their engineering courses.

It should be noted that all participants were already admitted to an undergraduate
engineering program and self-selected to participate in this study. The process of choosing an
engineering degree was already pre-determined. Additionally, academic, and financial support
was already in place, which may have influenced the decision to pursue engineering. The sample
used in this study was specifically low-income engineering transfer students that met a minimum

GPA requirement.
6.2. Cohort Experience

Participants in this study were part of a cohort that required students to participate in
certain required activities. One of the required activities was that participants had to attend a one-
week residential engineering program on the university campus. This program intended to allow
students to acclimate with the university community, experience engineering hands-on exposure,
and meet other engineering students before the beginning of the academic year. The program
was considered a success since students reported an increased level of confidence that after
attending the one-week on-campus summer program. Students stated that through the program,
“we were able to build friendships and create some bonding”, and once the academic year
started, they “felt that they already knew each other” and were “familiar with some of the
resources and had a study room where they were able to study.” Additionally, they were able to
discuss “which courses they were going to be taking” and “possibly share class notes and were
planning to work together on group projects.” Through the program, students acquired a sense of

belonging and were more motivated to continue their enrollment in engineering courses. One key
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aspect was that students were highly interested in conducting research. Within the first week of
the fall quarter, some participants had already contacted faculty members. One student stated,
“he allowed me to join his research even though I wasn't officially settled into school yet.”
Additionally, the participants appeared to be more motivated and prepared to be part of an

undergraduate engineering program at a four-year university.

6.3. Study Limitations

Limitations to the study include sample size, sample profile, lack of a control group, and
short-term length. Despite some limitations, this study produced important results related to

motivational factors of low-income engineering transfer students.

Overall, this study provided a valuable contribution to the knowledge base and provided a
better understanding of what motivational factors can positively influence the decision of
choosing and pursuing a baccalaureate degree in the field of engineering. Additionally, the
research indicated the continuous academic and financial support helped improve students’ level
of academic engagement by enabling students to remain focused on their academics, rather than

the financial cost of their education.
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7. CONCLUSIONS

The study used the expectancy-value theory framework, engineering identity model, and
a sense of belonging to capture the participants' experiences to identify the motivational factors
that led low-income engineering transfer students to choose and pursue engineering. This study
consisted of a small sample that provided reliable information to answer the three fundamental

research questions.

Qualitative results identified that participants initially choose engineering because of an
earlier interest (EI - exposure to the field or tinkering) and its usefulness (utility value — financial
reward, ability to care for others, job opportunity, real-world application). As participants
continued to pursue engineering, participants move from choosing engineering to enjoying
engineering. This change consisted of engineering interest (interest-EVT), a gain of engineering
knowledge, hands-on experience (research and internship opportunities, group projects),
exploring opportunities, and faculty-to-student interaction. Additionally, participants felt they
were creating an engineering toolbox through their academic journey that would provide them
with the necessary skills to develop, create, problem-solve, and implement into real-world

engineering applications.

Furthermore, degree attainment was the key to the participant’s goal completion. Many
participants identified themselves as being engineers in progress and that a degree would make
them engineers. On the contrary, other participants expressed that more than a degree was
needed to be recognized as an engineer. These participants felt that it would require work

experience, higher education, or possibly more, to feel like an engineer.

89



Lastly, the expectancy-value theory of motivation achievement framework used in this
study was based on two questions; a) “Can I Do It?”” and b) “Do I want to Do It?” Participants
answered the question (a) by expressing confidence (competence), and hard work and dedication
(from the participants’ perspective, attention to human and ethical values). Question (b), wanting
to do it was not fully expressed or answered for the low-income engineering transfer participants
in this study. The choice to pursue an engineering degree for most participants was based on the
family living situation. Furthermore, those participants indicated that choosing and pursuing
engineering was to find a stable well-paying job, support, and assist their parents financially or to
care for others. For those participants, studying engineering was considered a need and not a
choice. Engineering was considered a well “paying job” that would provide “job opportunities”
and “stability.” Passion to pursue an engineering degree was not a significant topic for the
talented low-income engineering transfer students of this study. However, for engineering
transfer students that are not considered low-income, passion is considered the leading
motivational factor that led them to choose and pursue an engineering degree. Additionally,
research shows that only 50% of the total number of engineering transfer students will graduate
with an engineering degree [17]. Ultimately, low-income engineering transfer students can fill
the need for STEM professions in the United States, but these students need to be fully supported

to increase their motivation to choose and pursue baccalaureate degree attainment.
7.1. Implications
Despite the limitations of this study, several implications are offered based on the

participants' shared experiences. Firstly, participants showed signs of impostor syndrome which

can influence students’ motivation to pursue an engineering degree. Secondly, concerning capital
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theory, participants drew attention to the need for higher education. Furthermore, participants
identified themselves as human capital by helping their peers with problem-solving, sharing class
notes, creating study groups, or tutoring sessions. Thirdly, time management, and adaptation
skills between commuters and non-commuters was an intricate subject. Participants shared that
they experienced a loss of time as much as three hours a day from travel time to and from the
university. Furthermore, participants who commuted experienced a direct involvement of family
struggles, lack of study spaces, and concentration while trying to focus on their academics versus
those taking advantage of residence hall living and community involvement. The participants
who were non-commuters were able to fully focus on their education and limit their involvement
in family struggles. Fourthly, given that low-income engineering transfer students are debt
adverse and are more aware of tuition costs than other undergraduate students, participants
expressed no signs of being distressed about the ability to pay for tuition cost or school supplies.
Lastly, this study illustrates the motivational factors that low-income transfer engineering
students face yet there remains an opportunity to capture the challenges and struggles. The need
to understand the fundamental characteristics of a low-income engineering transfer student needs
to be further explored. Those students are the ones that do not qualify for financial aid, cannot
afford school supplies (i.e., books, a laptop, etc.) and must work full-time to pay for their
academics and support themselves. Furthermore, the implications of this study allow for further
research on the challenges that low-income engineering transfer students face. Additional

questions to be asked are:

a) What are the most difficult challenges that a student faces while pursuing their
engineering education?

b) How do you overcome those challenges?
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a. How do you plan to overcome those challenges?

¢) What resources are needed to better support and motivate a student from a low-
income socioeconomic background?

d) What are the reasons you chose UCI?

e) If you did not have funding would you still attend UCI?

f) 1f you were to pay for tuition cost, which university would you attend to?

g) If you need to pay for your tuition or school supplies and were able to obtain loans,
would you request them or work while studying?

h) Are you aware of all the resources available to engineering students?

a. Listthem

Ultimately these implications illustrate that students will acclimate to the university
environment and learn to be resourceful. Additionally, the student's socioeconomic status will

affect the time and energy that they can dedicate to their education.
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