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Introduction

Obtaining a postsecondary degree is associated with positive gains for graduates, including
increased earnings, higher levels of employment, and better health [1][2]. An increase in
earnings levels aids in working against equity issues in education and society. For example,
college graduates earn on average $24,900 more than high school graduates [1]. Although there
are positive outcomes for low-income students (LIS) who obtain a college degree, this student
population continues to struggle with higher education access and retention. Institutions
contribute to the continuation of institutional classism, defined as students’ exclusion from
activities or opportunities and identity-based discrimination [3], in admissions criteria, policies,
and programming [4][5][6][7][8][9]. LIS may desire to attend a higher education institution,
however access barriers, including lack of access to extracurricular activities before college,
amount of financial aid, and institutions’ reliance on standardized tests prevent them from
attending their preferred choice or attending all together [6].

Within engineering, there have been calls to diversify programs, leading to professional
development opportunities and targeted support for marginalized student populations in
engineering, often focusing on women and racially minoritized populations. However,
socioeconomic status is frequently absent in conversations on access and success in engineering
[10]. Engineering serves as an opportunity for upward mobility for low-income engineering
students, as well as an opportunity for LIS to bring diverse perspectives to solve engineering
problems [11][12]. However, in the pursuit of an engineering degree, high-income students are
five times more likely than LIS to graduate within six years [13].

Within education, researchers link sense of belonging to a variety of significant student outcomes
including retention, persistence, major choice, and career path [14][15][16]. Sense of belonging
has previously been defined as the “experience of personal involvement and integration within a
system or environment to the extent that a person feels they play a special role in that system or
environment” [17]. Belonging affects an individual’s beliefs and behavior, including
engagement, academic outcomes, and mental wellbeing [18].When a student feels like they
belong, their increased engagement leads to an effort to make friends, prepare for classes, join
student organizations, and pursue support [16]. Students with a higher sense of belonging tend to
have more confidence in their academic life and generally enjoy their college experience [19].
Students with lower levels of belonging are associated with low levels of motivation and
academic outcomes as well as feelings of isolation [20].

While the literature on the belonging experiences of low-income engineering students is sparse,
the National Science Foundation (NSF) Scholarships in Science, Technology, Engineering, and
Mathematics Program (S-STEMs) frequently utilizes sense of belonging as a programmatic
outcome. The structure of these programs varies based on institution, however common
components include bridge programming, peer and faculty mentoring, research opportunities,
and career development workshops. In addition to exploring barriers for LIS and the components
and outcomes of S-STEM programs related to sense of belonging, this review suggests action
items for institutional and departmental leadership to scale up S-STEM interventions to address
structural inequities for low-income engineering students.



Challenges to Belonging

Before delving into the interventions S-STEM provides to support the sense of belonging and
ultimately persistence of low-income engineering students, it is important to discuss institutional
classism’s effect on LIS’ feelings of belonging in higher education [3][35][33][39].
Understanding the root of an issue enables institutional leaders to make more thoughtful changes.
LIS are more likely than their high-income peers to have work or family responsibilities, which
may mean less time for schoolwork or engagement opportunities [7][12]. In addition to work and
family responsibilities, LIS may focus more on concerns around tuition and housing and food
insecurity, which outweighs the desire to engage and increase their sense of belonging [34]. LIS
can also feel like an outsider when they are unable to afford required and supplemental materials,
or the expensive fees associated with STEM majors [25]. When students’ on and off campus
opportunities are limited based on finances, students may also believe their post-graduation plans
are limited and experience academic and social dissatisfaction [3]. One study [33] found
educational institutions view White and middle class as the norm, and students who are
unfamiliar with structural inequities that cause differences in experiences may internalize
challenges and make them feel alienated. LIS may not have people in their lives to help build
social capital that can be crucial for success [33]. They may be unaware of internship and job
opportunities, who to turn to for support, or how to communicate with faculty, who can often
serve as connectors to opportunities [33]. Students with multiple marginalized identities, such as
being low-income and identifying with a racially minoritized population, experience
compounded inequities [3][15][26][35].

Factors Supporting Belonging

Although LIS experience many challenges in higher education, there are several proven practices
that encourage LIS belonging [15][22][23][27][29]. These practices include need-based
programs, identity-based student organizations, positive interactions with faculty, and high-
impact practices including study abroad and opportunities to blend academic and career interests
through internships, student organizations, and research opportunities [15][27][29]. When LIS
are members of need-based support programs they experience increased belonging because they
have opportunities to build community with students from similar backgrounds [27]. Students
also have opportunities to build relationships with program staff and learn important practices to
help them succeed, such as the significance of connecting with faculty outside of the classroom,
utilizing office hours, and pursuing research opportunities. However, LIS may not have access to
high-impact engagement opportunities that could support their success based on time and
finances [7][30][33].

Inequities in Engineering

Although an engineering degree can serve as an upward mobility opportunity for LIS, this
student population faces additional challenges due to the culture of many engineering programs.
LIS may not have access to Advanced Placement (AP) courses, such as math and science, that
benefit students as they navigate “weed out” courses in engineering programs [12][35]. The
culture of engineering programs often focuses on individualist goals and technical innovation,
which are historically aligned with the values of White, middle-class men [15][25][31]. These
values often clash with those of marginalized students, including LIS who view engineering as



an opportunity to collaborate with their communities to solve issues [31]. Previous research also
shows a correlation between the number of hours worked and the likelihood of remaining in a
STEM degree program, which negatively impacts LIS at higher rates when compared to their
wealthier peers [31]. Lastly, low-income engineering students may not feel like they fit in, as
engineering faculty often gravitate towards students who have similar identities, leaving low-
income engineering students to feel as though their experiences are not valued [12][33].

Intersections of Identity

A critique of the literature on LIS is a lack of focus on the intersections of students’ identities
such as race, ethnicity, and gender. Challenges to a LIS’ sense of belonging are exacerbated
when they have multiple marginalized identities [15][16][24][27][28][30][37]. For example,
low-income students of color experience “lower rates of graduation, prolonged time to degree,
and lower grade point averages” [36]. If a student feels they fall outside of the dominant
identities of an institution or department or are made to feel as though they do not fit in, their
sense of belonging suffers [16]. In a study exploring the relationship between sense of belonging
and intersectionality for STEM and non-STEM students, students with racially minoritized
identities and women felt like outsiders due to the homogeneity of their peers and negative
interactions with faculty in their departments [15]. Although it has been established LIS may
experience low expectations from authority figures, these feelings are experienced at higher
levels when a student is both low-income and racially minoritized [27]. However, low-income
students who connected with identity-based organizations found opportunities to challenge
external and internal beliefs about racism, sexism, and classism [27][37]. Another study
exploring belonging in STEM and intersections of race and gender found students experienced
an increase in sense of belonging if they had relationships with faculty and peers in their major,
confidence and interest in a major, and a strong science identity [28]. Additionally, women and
students of color who decided to leave their STEM majors experienced a lack of relationships
within their department and low levels of science identity. Marginalized students in STEM also
consistently report an increase in belonging when their identities are reflected in their peers,
faculty, and mentors [28][34][33].

It is crucial students’ sense of belonging is a focus for engineering departments as feelings of
belonging within a student’s department and STEM classes is shown to have a more significant
impact on students’ engagement and persistence than feelings of belonging at the institutional
level [14][33]. A study on belonging across multiple institutions found belonging in STEM
classrooms has a strong influence on student engagement regardless of institutional type [35]. In
computing classes, women reported they felt like they belonged in their department when they
are a part of a community, that they are supported by their peers, and that their department cares
about them [32][33][34]. Although the literature on underrepresented student experiences and
intersectionality in STEM has increased, a student’s socioeconomic background is rarely
mentioned in discussions of belonging.

S-STEMs

S-STEM programs are funded by the National Science Foundation (NSF) and were developed to
increase the retention and persistence of students with financial need in STEM programs. In
addition, research has been conducted about S-STEMs to understand the outcomes associated



with the program and the needs of low-income engineering students. This research tends to focus
on student outcomes including retention, sense of belonging, self-efficacy, and science identity
[35][38][39][40][41][42]. Students in S-STEM programs experience an increase in retention and
persistence in STEM programs when compared to students with similar financial and academic
backgrounds who do not participate in S-STEMs [38][41][43]. For example, Bridgewater State
University’s (BSU) S-STEM program, Students Engaging in Scientific and Mathematical
Interdisciplinary Collaboration (SEISMIC), which was developed to support low-income science
and mathematics majors, has seen an increase in retention for their SEISMIC scholars [38].
BSU’s SEISMIC unique program typically includes a cohort of 8 to 11 students and courses
taught by the Philosophy and Psychology departments, which plays a role in encouraging
students to see how they can utilize engineering to encourage positive change in their
communities. Ninety-five percent of SEISMIC Scholars from the first two cohorts graduated
with a STEM degree or remained in STEM major, compared to 72% of the control group.

In addition to increasing the retention and persistence of students with financial need in STEM
fields, research shows S-STEM programs increase students’ sense of belonging, self-efficacy,
and science and engineering identity [35][38][39][40][41][43]. Students in BSU’s SEISMIC
program believed participating in the program increased their technical and transferable skills,
aided in developing social and cultural capital, and played a role in increasing their self-efficacy
[38]. Iona College, a Catholic coeducational institution in New Rochelle, New York where 99%
of students receive financial aid, has an S-STEM program, DESIRE Scholars which serves
Chemistry and Computer Science students [41]. DESIRE Scholars receive a $6000 scholarship
each academic year and are assigned a faculty advisor, peer mentor, participate in the Careers in
Science at Iona (CSI) Program, conduct summer research with a research advisor, and enroll in
tailored courses for DESIRE cohorts [41]. 22 DESIRE Scholars and 20 students from a control
group were surveyed on their campus engagement. DESIRE Scholars were significantly more
likely to be engaged in work study, student organizations, research projects, and professional
conferences when compared to students with similar academic and financial backgrounds that
were not in DESIRE. One study [35] explored components of the University of Arkansas’ Path
to Graduation, an S-STEM program that serves up to 36 students and is meant to increase the
number of STEM students from low-income, rural backgrounds, during its first year of
implementation. To be in this program students must be Pell eligible and in an engineering or
physical science program. Students surveyed in the Path to Graduation program experienced an
increase in sense of belonging, which was attributed to the program’s bridge programming and
faculty mentorship.

Research around S-STEM also surveys students on what programmatic components they believe
aids in increasing engineering and science identity. One study [39] on self-efficacy and science
identity included 32 S-STEM students from a variety of engineering majors at a large western
land-grant university. Students believed peer mentors contributed to an increase in self-efficacy,
engineering courses fostered engineering identity and building community, and opportunities to
meet with faculty increased students’ confidence in speaking to other faculty. Thirty-six
mechanical engineering students from the University of Maryland Baltimore County’s S-STEM
were surveyed on the program components they felt increased their self-efficacy, science
identity, and sense of belonging [43]. Scholars associated an increase in their self-efficacy and
engineering identity with mentoring, research, and internships, and the community building
opportunities in their program helped to increase their sense of belonging. The community



college students in one study [40] believed the faculty and staff who recommended them for the
S-STEM program played a role in the development of their science and engineering identity. S-
STEM students consistently associate programmatic goals, such as a sense of belonging, self-

efficacy, and science identity with the relationships and support received from faculty and staff.

As previously mentioned, the interventions of S-STEMs vary across institutions, however, there
appear to be several practices that have increased participants’ sense of belonging. Research
consistently discusses the disconnect between low-income engineering students’ values and the
values of engineering departments [31]. Programs such as BSU’s that provide opportunities for
students to connect engineering concepts to societal change move towards value alignment
between low-income engineering students and their chosen fields. A belief in one’s science
identity also has a relationship with a student’s sense of belonging, which can be supported
through research opportunities with faculty and a department supportive of students with a
variety of identities [25][39][43]. Research on S-STEM and belonging also echoes research on
the crucial role faculty, staff, and peers play in a students’ belonging. Students in S-STEMs often
have opportunities to interact with faculty outside of the classroom, such as through
undergraduate research. Additionally, S-STEM scholars develop community with their peers
through cohort-based learning. S-STEM students also have access to high-impact practices such
as internships, research, service-learning, and living-learning communities that are associated
with an increase in belonging. The following interventions suggest ways to expand the reach of
existing support approaches.

Interventions
Faculty & Student Belonging

The findings of this review contribute to institutional practices in several ways. Previous research
consistently highlights the role faculty and staff play in a students’ sense of belonging, which in
turn impacts students’ retention and persistence at an institution [35][38][40][43]. LIS may
experience challenges accessing primary and supplemental course materials based on finances,
which can cause them to fall behind and feel out of place. Engineering faculty can be intentional
about selected course materials and try to choose texts available electronically through an
institution’s library or through open access. Faculty can be more intentional in considering the
identities and experiences they center in the classroom. For example, students from low
socioeconomic backgrounds may not have the same access to AP classes and engineering-related
extracurricular activities as their higher income peers, and it is important faculty do not make
assumptions about the knowledge students bring to the classroom. LIS also share their
socioeconomic status is seen as a deficit by their institutions [12][33]. Faculty can focus more on
discussing the strengths of all students in the classroom [10][33]. For example, faculty could
discuss assets of students from working class backgrounds, including being hardworking,
mature, and committed to giving back to their communities [33]. Faculty can also put students
into teams during class. This could be an opportunity for students to connect with one another
when they may have responsibilities outside of the classroom that keep them from other
engagement opportunities. Additionally, previous research consistently shows the importance of
value alignment for students’ sense of belonging and career choice [3][44]. Both individual and
communal values should be incorporated into departmental values to help students find purpose
in their work [44].



Increase Access to High Impact Practices

Although focusing on how the classroom and departmental environment can change is a
promising initiative as LIS may be unable to participate in extracurriculars, institutional leaders
should also make an effort to provide access to those high impact practices. S-STEMs regularly
incorporate undergraduate research, internships, and peer and faculty mentorships into
programming to support belonging and help students build necessary skills for their fields.
Institutional and departmental leadership should reflect on how they can increase student
awareness of these opportunities, as many LIS are first-generation and may not have existing
connections to fields that their higher-income, continuing generation peers do. Faculty and staff
can serve as connectors for students between internships, undergraduate research experiences,
and other on-campus opportunities to help students build community and applicable skills. LIS
may believe internships and research opportunities are not an option because they have financial
obligations. Faculty and staff can educate students on the paid research and internship
opportunities available. Institutional leaders can also provide professional development
workshops for faculty and staff that lead to more inclusive support practices, making sure to go
beyond focusing on first-generation or low-income identity and incorporate intersections of
identity.

Programmatic Changes

In addition to institutional changes, campus leaders can reimagine existing programs and
practices to support the academic and social capital of low-income engineering students, which
can lead to an increase in belonging. For example, LIS may be unaware of the support resources
available to them. When institutional leaders, faculty, and staff discuss the importance of
resources such as academic advising, mental health counseling, and tutoring services, LIS can
increase their awareness of resources to support their success [45]. With virtual programming
becoming more common since COVID, departments can provide some of these opportunities
virtually to reach commuting students. Another common finding in the research on LIS is a
discomfort with asking for help [29]. By normalizing support-seeking behavior, LIS can build
rapport with faculty members outside of the classroom and connect to crucial support services.

Student Policies & Student Barriers

Previous research shows the drastic difference between the retention rates of students who
participate in S-STEM programs, and those who do not [41][43]. These findings warrant further
analysis of organizational structures that create barriers for LIS. Campus leaders can lead
initiatives to analyze the policies students interact with and encourage departments to have
discussions on support and pedagogical practices that aid or hinder LIS. Previous research also
discusses the role of partnerships in ensuring student success, as opposed to siloed programmatic
attempts at supporting marginalized students [7][10][45][46][47] Institutional leaders can
explore the possibility of bringing together various stakeholders to discuss a collaborative
approach to support. For example, LIS may have less time for engagement opportunities due to
work and family commitments [7]. This could lead to a discussion of possible engagement
opportunities that take place in the classroom in collaboration with industry partners.
Additionally, future research might examine the experiences of students who do not participate



in specialized STEM programs to increase awareness of how these students navigate the cultures
of their departments and institutions, and what students perceive as barriers to their success.

There are also policies that go beyond the student level that indirectly affect student belonging.
Previous research on institutional change suggests reward structures at institutions, such as the
tenure process, encourage faculty to focus more on research at the cost of teaching and providing
additional support to students [7][46]. Additionally, underrepresented students in STEM
reference the importance of sharing identities with their peers, faculty, and mentors [16][28][34].
These findings suggest a need to move towards more equity-minded hiring practices and increase
the diversity of faculty within engineering programs. Analyzing policies that guide how students
are supported, as well as policies that create barriers for LIS, such as STEM comprehensive fees,
may lead to an increase in persistence in STEM majors for LIS. Previous research shows
students’ basic needs, such as food and housing, must be met before they are able to tend to other
parts of their lives, including becoming more engaged [7]. By removing barriers to students’
basic needs, low-income engineering students may become more engaged on campus, connect
with faculty, staff, and peers, increase their sense of belonging, and ultimately their persistence
to graduation.
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