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Exploring Engineering Faculty Views on Their Role in
Broadening Participation in Engineering

Abstract

Broadening participation in STEM is an initiative of critical importance within the United States.
In order to maintain its global prominence in STEM fields, as well as maintain national security
and other technological advances, the US must produce over one million more STEM
professionals than what is currently projected. Broadening participation is a term used to
describe increasing the participation of underrepresented groups in STEM fields. This includes
providing STEM exposure, access, and opportunities for individuals from underrepresented
groups. According to the National Science Foundation, those considered underrepresented in
STEM include Alaskan Natives, Native Americans, Blacks or African Americans, Hispanics,
Native Hawaiians, Pacific Islanders, Persons with Disabilities, and Women. The NSF considers
broadening participation in STEM as a way to “contribute to the production of a diverse and
well-qualified STEM field”. Furthermore, processes and procedures have been developed to
provide financial support to individuals, institutions, and organizations who develop means to
expand the population of STEM students and professionals. While some engineering education
professionals, staff, and administrators may be aware of, and contribute to addressing,
representation and retention challenges in engineering, little is known of engineering faculty
members’ experiences, awareness, and perceptions of this landscape. Likewise, under-researched
is the question of whether and how engineering faculty consider their roles in national
broadening participation initiatives. This study explored, at a fundamental level, engineering
faculty awareness of the engineering landscape, as well as how engineering faculty considered
their roles broadening participation in engineering. Faculty participants in this interpretive
phenomenological analysis research study demonstrated an awareness of the increasing demand
for engineering talent in the US. Additionally, this study found that instead of discussing their
role in k-12 outreach, most faculty focused on their interactions with current students as essential
to broadening participation. Faculty identified; making meaningful connections with students,
supporting and encouraging students, as well as helping students develop a connection to
engineering, which supports their internal motivation to persist, as practices which they could
implement to promote greater student persistence, thus broaden underrepresented student
participation in engineering. While many faculty discussed the importance of engagement in
outreach, creating inclusive classroom environments, and even exhibited a mindset which aligns
with inclusive pedagogies, many expressed time constraints and varying priorities as being a
barrier to this engagement and few expressed a high level of self-efficacy in achieving these
goals even if time permitted.
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Introduction

Broadening participation in STEM is an initiative of national interest in the United States. In
order for the US to maintain its global prominence in STEM fields, as well as maintain national
security and other technological advances, the US must produce over one million more STEM
professionals than what is currently projected [1]. Broadening participation is a term used to
describe increasing the participation of underrepresented groups in STEM fields [2]. This
includes providing exposure, access, and opportunities in STEM for individuals from
underrepresented groups. According to the National Science Foundation (NSF), those considered
underrepresented in STEM include Alaskan Natives, Native Americans, Blacks or African
Americans, Hispanics, Native Hawaiians, Pacific Islanders, Persons with Disabilities, and
Women. The NSF considers broadening participation in STEM as a way to “contribute to the
production of a diverse and well-qualified STEM field” [2]. Furthermore, the NSF has developed
processes and procedures to provide financial support to individuals, institutions, and
organizations who develop means to expand the population of STEM students and professionals.

While broadening participation efforts are supported at the national level, there is evidence
which suggests women and minorities remain underrepresented in STEM and leave STEM
disciplines at higher rates. As of 2021, nationally, black students only made up 4.7% of
engineering degrees awarded, Hispanic students made up 13.6%, and women earned just 24% of
all undergraduate engineering degrees awarded [3]. These figures show severe inequities in
representation when compared to the proportion of these groups in the US population more
broadly, where women make up 50.4% of the population and Hispanics and those who identify
as Black or African American comprise 19.1% and 13.6% of the US population, respectively [4].

60% of students who start in STEM disciplines ultimately transfer into another field of study
during college, with women and minority students leaving STEM fields at disproportionately
higher rates compared to their white male counterparts [1], [5]. Women and minority students are
also less likely to transfer into STEM fields from non-STEM majors [6], reinforcing the lack of
representation for these populations in STEM. Although there has been an increase in the
number of women and minorities enrolling into STEM fields, discrepancies in retention and
graduation rates remain. This indicates that students from traditionally excluded identities are
expressing interest and being enrolled into STEM programs, however, are not being retained.
The analogy of the leaky STEM pipeline “refers to the unintended loss of trainees from the
disciplines” [7], and is a problem that needs to be addressed in order to fully realize the value of
broadening the participation of traditionally excluded students in STEM disciplines, as well as to
eliminate the inequities in institutional structures which impact the persistence and completion
rates of students in STEM.

The current landscape of STEM in higher education, as discussed above, demonstrates examples
which work against the goals of broadening participation efforts. These examples also serve as
evidence for why continued efforts to understand components which support the success and
persistence of underrepresented students in engineering are necessary. While some engineering
education professionals, staff, and administrators may be aware of, and contribute to addressing,
representation and retention challenges in engineering, little is known of engineering faculty
members’ experiences, awareness, and perceptions of this landscape. Likewise, under-researched



is the question of whether and how engineering faculty consider their roles in national
broadening participation initiatives. Thus, this study explored, at a fundamental level,
engineering faculty awareness of the concept of broadening participation, as well as explored
how engineering faculty perceived the roles they could play in broadening participation efforts.
Additionally, this study provided insights as to how faculty view their role in promoting the
success and persistence of underrepresented students in engineering.

A Review of Literature
Broadening Participation through Persistence of Underrepresented Groups

As discussed above, Women, Black, Native American, and Hispanic American students remain
underrepresented in STEM fields, at a time when STEM job growth accounts for more than a
third of all projected occupational growth, and STEM professionals have higher employment
rates than those from non-STEM disciplines [8], [9]. With the demand for STEM professionals
growing, the lack of women and minority student representation in STEM fields presents both a
failing and a rich opportunity to broaden STEM participation. Broadening participation in STEM
can serve as a strategy for addressing the growing need for STEM professionals in the US, as
well as addressing the lack of equity and representation that exists in STEM education.

Existing research highlights the challenges associated with student retention in STEM fields.
Between 2000 and 2009, up to forty-eight percent of students pursuing STEM bachelor’s degrees
did not complete their degrees [10], and this figure has not improved much in recent years [11].
Students describe STEM environments as chilly, where faculty and classroom experiences are
considered “unapproachable, cold, unavailable, aloof, indifferent and intimidating” [12]. These
experiences result in low sense of belonging for STEM students, negatively influencing student
success and persistence [13]. This is a sign that there may be misalignments between student
needs and their experiences in the classroom [11]. This further indicates the importance of
engaging faculty in improving student persistence as a means to broaden participation in STEM
fields.

Three common themes are present in existing literature which discusses the success and
persistence of underrepresented students in STEM fields. These common themes suggest that
building student (1) self-efficacy [14], [15], (2) sense of belonging [7], [15], [16], and (3)
identity in STEM [15], [17], [18] are crucial to STEM student persistence and success. While
inequities in academic preparation and socioeconomic status have also been found to correlate to
student persistence in STEM, there is much evidence which details the chilly climate which has
been identified as a major factor contributing to the departure of underrepresented students from
STEM disciplines [19], [20]. Thus, the brief review of literature here focuses on the three named
themes which promote student persistence in STEM education.

Self-efficacy represents a person’s beliefs in their abilities to meet demands of and accomplish
tasks associated within a given environment, and has been found to be among the most important
predictors of student performance and persistence in STEM [15], [16], [21]. How students feel
about their ability to be successful influences their effort and behaviors as well as their
perception of whether they have the necessary tools to be successful [16]. Early STEM and K-12



educational experiences [14], interactions with faculty and other STEM environments [22], as
well as being in a culturally affirming institutional culture [21], [23] have all been found to
influence the self-efficacy of underrepresented students in STEM. Self-efficacy can be fostered
in STEM environments and can assist with building student confidence in ways which promotes
their persistence and success in STEM education [15]. Promoting student self-efficacy requires
the utilization of a strengths-based approach which encourages students to develop a growth
mindset and resilience [6], [24], while also encouraging faculty to integrate inclusive teaching
pedagogies [25] and to maintain a healthy balance of challenge and support for students [23].

Sense of belonging is also important to student persistence in STEM, and has been defined as a
basic human and psychological need to feel connected, valued and respected [26]. A lack of
sense of belonging can contribute to mental health and academic performance challenges
highlighted by feelings of self-doubt [26], [27]. Encouraging student sense of belonging in
STEM and also focusing on student capabilities are particularly essential to student success and
persistence in STEM fields [15]. Students thrive in an environment where the challenges they
encounter within their STEM discipline are offset by a supportive community of peers, faculty
and others who make them feel as though they belong [23], [28]. Having an authentically
inclusive and welcoming campus climate [29], [30], [31] is also essential to the sense of
belonging of underrepresented STEM students.

Faculty play an important role in the development of students’ sense of belonging and self-
efficacy, and faculty also contribute to the development of student’s STEM identity which is
particularly influential for underrepresented students in STEM [15], [17], [18], [32]. “The
recognition of oneself as a scientist” [16] or an emerging STEM professional, promotes students’
sense of belonging and builds their STEM identity [16]. STEM identity development can be
promoted through student engagement in undergraduate research, as well as curricular and co-
curricular learning experiences [15], [32]. Additionally, having opportunities to engage with and
be acknowledged as a member of the STEM community by faculty, peers, and other STEM
agents, in both professional and social spaces, is important [15], [17], [18]. Student’s exposure
and ability to engage with STEM role models, mentors, and culturally similar STEM peer groups
was also found to be essential to building underrepresented student STEM identity [14], [22],
[32], [33], in addition to in-class experiences. Academic settings including classrooms, labs, and
office hours can significantly influence a student’s perception of STEM [34], [35], and faculty
have an opportunity to shape these environments. Creating more inclusive environments and
helping students to connect the relevance of their STEM discipline to their values is particularly
essential, and promotes underrepresented student STEM identity development [16], [33], [36].

Role of Faculty

Although underrepresented students are more likely to face barriers which influence their
likelihood of getting into and persisting in STEM, STEM disciplines and higher educational
institutions alike continue to enroll students from traditionally excluded populations without the
proper infrastructure and support systems in place to ensure their success [37]. A critical, and
oftentimes forgotten, component to ensuring student success and persistence is to engage faculty
in strategies which promote student persistence, as well as encourages positive faculty-student
interactions [38]. All students must interact with faculty, and faculty tend to be the most long-



standing members of higher education institutions [7]. This makes them among the most
important institutional agents within higher education as it relates to promoting student success
and persistence. In STEM disciplines, which struggle to retain all students despite national
efforts to broaden the participation and representation of STEM professionals, engaging faculty
may in fact be even more critical.

There is research which suggests that STEM faculty serve as gatekeepers to STEM disciplines,
where they have the ability to either encourage or discourage students’ persistence in their field
[39]. Faculty also play an essential roll in how students engage in STEM courses and access
research and internship opportunities [40] in addition to faculty having the ability to affect
student confidence in their pursuit of a STEM degree [39].

Faculty-student interactions are important to students’ choice to continue in or depart from
STEM [33], [40], [41]. Be this as it may, there is evidence which suggests that faculty may not
recognize the critical role they can play in student’s decision related to their field of study [34],
[42]. There is evidence of a weed-out culture in STEM, where STEM faculty are said to have a
perspective that not all are fit to succeed in the field and that it is solely the student’s
responsibility to demonstrate that they can withstand the rigors of STEM education [29], [43],
[44]. Additionally, STEM faculty have reported a general lack of awareness, or concern, for the
broader challenges related to student attrition in STEM. Faculty have reported being unaware of
the national need to retain and produce a greater number of STEM professionals, in addition to
their lack of knowledge and efficacy in influencing STEM student recruitment, retention, and
success [34], [45]. Faculty have also been found to generally hold a more localized view of their
discipline, being primarily focused on their own courses or departments, without expressing
awareness of the national challenges within their discipline [34]. Another perspective that faculty
have been found to possess is an assumption that there are not enough STEM jobs to support
growth, as well as an expressed viewpoint that the US should rely more heavily on international
talent [34]. These findings demonstrate the necessity to further explore faculty views on the
status of STEM in the US and how their views connect to broadening participation of
traditionally excluded populations in STEM.

Research Methods

In order to explore the perspectives of engineering faculty, an interpretivist phenomenological
research method was used for this study. Interpretive phenomenological analysis (IPA) seeks to
describe a phenomenon from the perspective of participants based on how they make meaning of
their lived experiences, and to interpret these perspectives in order to gain understanding of said
phenomenon [46]. This IPA study explored engineering faculty experiences and perceptions
related to broadening participation in engineering. As discussed above, faculty have a vital role
in promoting inclusive environments and interactions, within and outside of the classroom,
which support student success and persistence. A climate that builds student engineering identity,
fosters sense of belonging, and promotes student self-efficacy in engineering has positive effects
on student persistence in engineering, thus supports national efforts to broaden participation in
engineering.



After attaining IRB approval, a purposive sampling strategy was used to identify participants for
this study. The study focused on gaining the perspective of white full-time faculty in engineering
since white faculty make up approximately 63% of all engineering, computing, and science
faculty members [47]. Based on a broader interest in using the data gained from this study to
inform engineering student success and faculty development practices at a mid-sized, PhD
granting, private, 4-year institution in the Midwest, this was the primary site for this study.
Additionally, participants from a peer institution with an engineering program of similar size and
demographics were invited to participate in this study in order to provide broader perspectives on
how engineering faculty made meaning of their role in broadening participation and student
persistence. This study was not intended to represent all engineering faculty and was rather
meant to gain a richer understanding of the experiences and perspectives of individual faculty
members, therefore the sample size for this study was 16 engineering faculty members, with 82%
being from the mid-sized, private, 4-year institution in the Midwest in which this study is based,
and the remaining participants being from a peer engineering program.

Semi-structured interviews via Zoom were conducted for this study, as they allowed the
researcher to engage in dialogue with participants using an initial set of questions which were
modified based on the direction of each discussion. Semi-structured interviews also helped with
rapport building, as relationships and established trust are essential components of
phenomenological research [48]. Memoing and reflexive journaling were used to support
researcher reflexivity throughout the interviewing process to ensure the researcher’s
preconceived knowledge and beliefs did not influence how participant data were captured and
analyzed. Recording interviews allowed the researcher to actively engage in listening during the
interviews as is called for in phenomenological interviewing, as well as provided an interview
transcript which was used as the starting point for further transcription and analysis.

Following each interview, the analysis process consisted of several rounds of reading through
transcribed interviews, note-taking and the creation of codes and sub-codes, which were all used
to identify emergent themes. The emergent themes identified were based on the researcher’s
interpretation of what the participant meant by what was shared, and finally, abstraction was
used to group similar themes to identify patterns, or clustered themes [49], [50]. Clustered
themes were identified for each individual participant’s interview, and the researcher performed
further analysis to identify recurrent themes between cases, which set the stage for the findings
of this study [49]. The process of member-checking in the initial coding of individual participant
findings [51] as well as the researcher’s reflexivity throughout the interview, coding and analysis
processes contributes to the credibility of the data analysis for this study [52].

Results and Discussion

The Interpretivist Phenomenological Analysis (IPA) research study conducted sought to capture
the voices of engineering faculty in order to understand their experiences and perspectives
related to broadening participation and persistence in engineering. This study captured the
perspectives of 16 white engineering tenured and tenure-track faculty and lecturers from two
mid-sized institutions in the Midwest. The following table (Table 1) provides an overview of
each faculty participant, of which six were female and the remaining 10 were male. Engineering
faculty participants represented each of the core engineering disciplines, with Chemical



Engineering, and Mechanical Engineering each having three faculty participants, two
participants representing Civil Engineering and Electrical and Computer Engineering, and the
remaining six being from Engineering Technology and Systems related disciplines. This
information coupled with the information in Table 1 demonstrates the diverse faculty
perspectives reflected in this study with regards to gender, discipline, and years of teaching. The
lack of institutional diversity is identified as a limitation of this study.

Table 1: Participant Information

Pseudonyms |Race |[Gender |Professor type |Years of experience |Institution

Adam White |[Male | Tenured 10-15 University C

Cameron White [Male  |Tenured >20 Brownland University
Colin White [Male  |Lecturer 10-15 Brownland University
Douglas White |[Male | Tenured 15-20 Brownland University
George White |Male | Tenured 15-20 Brownland University
Jacqueline  [White |Female |Lecturer 5-10 Brownland University
Jane White [Female |Tenure Track |1-5 Brownland University
John White [Male  |Tenure Track |1-5 Brownland University
Kermit White [Male  |Tenure Track |5-10 Brownland University
Michael White [Male  |Tenured >20 University C

Rick White [Male  |Tenured 10-15 Brownland University
Sam White [Female |Tenured 5-10 Brownland University
Sarah White |Female |Lecturer 15-20 Brownland University
Sarah S White |Female |Tenure Track |5-10 Brownland University
Scott White |[Male | Tenured 15-20 Brownland University
Suze White [Female |Tenured 15-20 Brownland University

The research study performed using Smith, Flowers, and Larkin’s [49] guide to conducting IPA
qualitative research utilized a single researcher who recruited all participants, conducted all
interviews, transcribed each set of interview data, and conducted all rounds of data analysis. The
data analysis process included a deep immersion into transcribed data to capture initial notes and
coding, which laid the groundwork for emerging and clustered themes to be identified. Member-
checking was used as a way to validate the emerging themes for each participant. Once emerging
themes were further analyzed using a combination of Dedoose (a cloud-based research analysis
tool) and excel pivot tables, clustered themes arose which represent the three relevant themes
which help us to understand how these engineering faculty perceive their role in student
persistence and broadening participation in engineering. Those three themes include:

1. Support and encouragement as critical to student success and persistence in engineering

2. Internal motivation as critical for student persistence in engineering

3. Faculty-student relationships and guidance as critical to student success and persistence in
engineering



Additionally, it was found that these engineering faculty demonstrated an awareness of the high
demand for engineering talent in the US, which represents their view of the broader engineering
landscape.

Engineering faculty interviewed for this study were able to express a number of ways in which
they believed faculty could support broadening participation efforts. While some faculty
discussed the importance of engineering outreach and recruitment as necessary to broadening
participation in engineering, this did not emerge as a recurrent theme, and thus did not become a
major finding of this study, which was an unexpected result. According to existing literature,
STEM faculty have referenced k-12 outreach and recruitment initiatives as a way to broaden
participation in STEM disciplines [34], with few seeing this as their responsibility. Additionally,
few have been able to recognize their interactions with undergraduate students as a means to
supporting or deterring broadening participation initiatives [34].

The findings from this study suggest, however, that the engineering faculty interviewed from two
mid-sized institutions in the Midwest were able to connect their interactions with students to the
concept of broadening participation, fully recognizing the increasing demand for STEM talent in
the US. Participants articulated the role of faculty in 1) building relationships with students, 2)
providing support and encouragement, as well as 3) helping students develop an interest and
establish an internal goal within engineering. When prompted to discuss the means of promoting,
particularly, underrepresented student participation and persistence in engineering, these same
three themes emerged as strategies in which faculty should engage.

Awareness of High Demand for Engineering Talent in the US

Countering the sentiment found in existing literature which suggests that STEM faculty are
generally unaware of the STEM landscape and challenges related to STEM attrition [34], [45], a
vast majority of the faculty participants in this study expressed an awareness of there being a
high demand for engineering talent in the US. This theme emerged from participant responses
related to the state of the engineering job market, and led many to discuss their observations of
student’s ability to secure engineering employment. It also prompted expressions of concerns
with increasing retirements and the lack of a sufficient talent pipeline, as well as discussions
about increasing demands within particular engineering disciplines and sectors. As can be
identified in the excerpt below, George expressed each of these sentiments:

The job market? I'd say its red hot. Very strong across a variety of sectors. Specifically,
in manufacturing and automotive, there's a significant aging population in the workforce.
A lot of demand for technical talent in those industries, and so, there is a need to replace
those who are retiring and leaving the workforce. And they need to fill growth in just
demand.

George also went on to share his belief in the imbalance across engineering sectors:
Th...there is a disconnect ... at times, though, between where students find... an interest

and where the jobs are. For instance, I... I do know a lot of students go into the
biomedical area it's an interest you feel maybe a deeper connection with impacting



humans more closely. But the demand is not there for all the students are graduating with
degrees in, or concentrations in biomedical.

George described that while engineering demand may be high, it is not equally high in all
engineering disciplines with some disciplines actually being more sought after than others.

While many faculty shared the sentiment that demand for engineering talent was high in the US,
only a few then articulated a connection between the high engineering demand and the necessity
to increase the engagement of potential diverse talent. Adam was among the few to verbally
make this connection:

So... so this is something that I have seen actually. Um... there are some numbers for this
and, you know, there's a demand for engineers and it... it seems like the trend, you know,
the trend could be that the current rate of people graduating with engineering degrees in
the United States won't be enough people to fill the demand for jobs. And so that's... that
is a driver on for increasing diversity among like gender diversity or racial diversity for
engineering graduates in the United States. But you know it's possible that if... if the
current trend continues, that, you know, these jobs will have to be filled by students
from... from other countries, perhaps.

That engineering faculty consistently expressed an awareness of the demand for engineering
talent in the US was an unexpected finding. In some cases, such as that mentioned by Adam,
faculty even made the connection that broadening participation in engineering could be a way to
address the increasing demand for engineering talent.

Faculty-Student Relationships and Guidance

More than half of the faculty participants in this study discussed the importance of establishing
relationships with students and providing guidance as a means to promoting student persistence.
Many faculty discussed the importance of being approachable, creating a comfortable
environment — in and outside of class, and the necessity to have informal opportunities to
connect with students. All of these practices and recommendations are situated in faculty
participants’ belief that their interactions with students can promote greater engagement and
participation in engineering education, which can, in turn, make a difference in students’
persistence as well as positively influence broadening participation efforts.

Engineering faculty who expressed the importance of building relationships and guiding students
saw this something that went above and beyond teaching or academic advising. These faculty
oftentimes expressed wanting students to see them, not only as faculty, but as whole people who
were there to help students achieve their goals. Many faculty also highlighted their perception
that students may feel intimidated by engineering faculty, and thus, may not reach out for help
when needed. Michael’s excerpt below demonstrates this viewpoint:

I think even unintentionally, students can feel intimidated in approaching a professor if
the professor talks down to them, or says why don't you know this, or why... that sort of
blames the student for having questions as opposed to encouraging questions, and so |



think that having...having a relationship with students, where the students see the
professor as approachable, goes a long way towards promoting student success. Because
the students are going to ask questions, get help and not...not be as intimidated. And |
think that's going to help make them successful.

Faculty saw breaking down the barriers between students and faculty, and building relationships
as a way to create an environment where students would seek help when needed. This was not
only in relation to academic support, but was discussed in relation to personal and professional
guidance as well. Faculty who held the belief that building relationships was important seemed
to acknowledge students as whole people who have lives which could impact their academics.
Faculty saw their relationships with students as a catalyst to open communication and
appropriately guiding and supporting students during their times of need and otherwise.

Much of the literature which discusses the positive impact that faculty can have on student
persistence in STEM disciplines often discusses the importance of faculty-initiated positive
relationships and student interactions. Hrabowski [24] talks about the importance of building a
community of trust with students, which is necessary for students to open up and discuss their
challenges. This connects directly to engineering faculty participants’ view that relationships
serve as a catalyst to greater communication. In their study, Leonard et al. [53] interviewed 138
underrepresented minority engineering students and found that students articulated their desire to
form relationships with faculty. These students discussed a desire to have interactions with
faculty beyond academic support, however also expressed feeling intimidated to initiate these
interactions themselves. Not only have students expressed feeling intimidated to initiate faculty
interactions, but engineering faculty participants in this study join other STEM faculty in
reporting the same sentiment [54].

While more than half of the faculty participants explicitly discussed their practices and
perspectives related to initiating relationships with students, all but three of the participants
discussed their belief that students needed support in order to succeed in engineering. Those who
discussed building relationships as important also tended to discuss these relationships as the
bridge to providing students with the support and encouragement they needed. Below, Suze
articulates this point by addressing the fact that relationships are the window to guidance and
support, which are both necessary for engineering student persistence:

And a lot of persistence questions they wind up getting down to, you know.. there's not a
persistence issue when things are going well. People don't just decide to stop. How do
you have...There is research around you have to have good communication before you
have hard communication. So, yeah you have to have a relationship... or it's easier to
have a hard conversation, if you have relationship kinds of conversations. And students
who are building relationships with.... and probably need a number of potential sources
of support; whether it’s... whether it's co-mentoring, you know, like peer to peer kinds of
support, or teacher to student kinds of support...

Suze continued, in saying:



... It seems to me like the ones (students) that have been successful have that, you know, I
see them talking to a faculty member in the hallway, not just around problems.

In her excerpt, Suze discussed the importance of relationships to student comfort in discussing
and eventually overcoming their challenges.

Support and Encouragement

One of the most consistent themes which emerged from this study was participant’s recognition
that students needed support and encouragement in order to succeed and persist in engineering.
This view was discussed, generally, in two frames. First, faculty participants discussed the
importance of peer support to individual students’ persistence. The second view expanded this
support to include the role of faculty in supporting and encouraging students to persist despite
any challenges that students may experience, particularly within the discipline. This paper
focuses on how faculty perceived their role in supporting student persistence in engineering
rather than the peer support necessary for students.

While some faculty stopped at the notion that peer support was important to student success and
persistence, others took this a step further and discussed their role in promoting student peer
collaboration as well as providing direct support and encouragement to students. Several faculty
participants discussed intentionally grouping students during class as a means of helping students
connect with each other as well as to promote student collaboration on projects and in-class
problem sessions. This intentional grouping, faculty often reflected, helped students engage more
in class, and seemed to help students make connections with their peers which, at times, evolved
into study groups outside of class.

Another important point that many participants either stated explicitly or implied, was that
students needed a community of support within their discipline and classes. The assertion was
that students may find that others outside of the discipline may not understand the academic
norms of engineering regarding the direct correlation between time commitment and grade
performance. Faculty participants expressed the need for students to have connections to one
another, and also expressed that they themselves, as faculty, were an important part of
engineering student support systems which could provide the encouragement that students
needed to offset any internal or external doubts or challenges that they might encounter. Colin
demonstrated this in the excerpt below as he discussed helping a student navigate a mental health
crisis:

I had a student who was probably their sophomore year maybe... second semester of
their sophomore year, in one of my classes, you know, had a huge kind of nervous
breakdown. And struggled to finish the class. And so, we kind of worked on a plan to
basically say if they will, you know, you 're several assignments behind, I can delay your
final grade for up to 30 days. Just get me some of these assignments, you know, it doesn’t
have to be all of them, just some of them. I'll grade them, and you know you’ll probably
end up with this ...this lower grade, let's just get this...this past you and get you into the
next semester and you'd start fresh. And so, she did that and a couple years later, she was
in one of my design classes, and was one of my best engineers, she was a fantastic



student... And so, you know that was someone basically saying okay you're in a rough
spot, but you can do this. We’ll work on a plan.

Faculty participants in this study saw an important role that they could play in supporting
students’ desire to pursue engineering, as well as providing the encouragement that students
might need to engage in their classes as well as with their peers. Faculty seemed to understand
the discouragement that students might feel when faced with academic, or personal, challenges,
which most faculty agreed was common for engineering students. To combat the internal and
external doubts that students may experience relating to their engineering education, faculty
discussed themselves as being a part of the support system that students needed to stay the
course. This viewpoint aligns with the concept of a community of support as being essential to
STEM student persistence found throughout existing literature [15], [28]. Covington et al. [22]
specifically discuss the important role that faculty play in a student’s support system, noting that
faculty encouragement and support can promote greater student engagement, success and
persistence, and this, along with the community of support model, is supported in a number of
additional studies [16], [23], [33].

Having an Internal Goal and Motivation

While many faculty in this study discussed the importance of building relationships with students
and providing support and encouragement, many also ultimately shared that students needed
their own internal motivation and drive to succeed. Without having an internal goal, faculty
shared the view that students would be less likely to persist through the challenging moments of
engineering. Additionally, faculty generally agreed that student motivation needed to be rooted

in their own purpose for pursuing engineering, and go beyond just being good at math and
science. While some faculty discussed having an internal goal as a student-centered trait that
students either had or not, most faculty discussed it in more fluid terms suggesting that an
internal goal was something which could be developed through engagement and exposure, and
could drive students’ motivation to persist.

The belief that students were either motivated or not was shared by faculty who pointed out the
need for students to be willing to put forth the effort to succeed academically. That the effort
required to complete an engineering degree was generally perceived to be high, faculty with this
perspective discussed the need for students to be self-determined to put in the time and energy
necessary; including developing study habits, staying organized, and utilizing existing resources.
This was not something that these faculty saw as something that they should or could influence,
although it was discussed as a necessary component of student persistence in engineering.

Faculty who viewed internal goal and motivation as fluid and something that could be developed
did not necessarily discount the need for students to be intrinsically motivated to “do” school,
nor the importance of students pursuing engineering as a personal choice. Faculty who discussed
the fluidity of motivation suggested that students needed exposure and to be engaged in order to
find their engineering niche, as Scott discusses in the excerpt below:

| think engineering professors could spark their interest. so if you're mechanical right
you're taking... if you're in a mechanical degree....What does that mean. well, okay



you're taking these classes. but what does that mean once you leave here. Spark their
interest, maybe [ want to...maybe.. I always wanted to be a doctor; | decide not to be a
doctor, well, maybe I can be a mechanical working in biomedical devices. You know,
show them examples of that and spark their interest, in that maybe | always love working
on cars, well where's the car industry going to go, is it going to go to you know self-
driving vehicles, okay spark their interest in that..

Several faculty participants in this study suggested that it was important for students to discover
how engineering connected to their interests and values as well as how it could be applied in real
world context. Thus, faculty discussed the importance of their role in providing students with
exposure to real world application, making course content engaging and relevant, and
encouraging students to pursue research, co-ops and internship opportunities. Many faculty who
expressed this view discussed the impact of their own research and internship experiences in
helping them to solidify why they had chosen engineering and what they could do with an
engineering degree.

The role of faculty in engaging students in relevant course content and encouraging engineering-
related experiences was not only discussed in relation to undergraduate engineering students. K-
12 engineering outreach, although not a recurring theme amongst most participants, continued to
surface as a means of attracting diverse talent into engineering. Providing early access and
exposure to engineering, what engineers do, and the pathway and encouragement to become an
engineer could spark the interest of underrepresented students, which many faculty perceived as
a way to foster internal desire and motivation, thus broadening interest and participation.

Faculty in this study have discussed the importance of their role in making course curriculum
relevant and engaging and connecting students to research and internship opportunities. Each of
these has also been documented in existing literature as critical to assisting students in
developing their engineering identity and establishing their own internal engineering goal [15],
[39]. As an example, Micari & Pazos [42], in their study, discussed the importance of engaging
students in relevant course work to students’ perception of curriculum and their success. This
was found again in Gasman et al’s. study [55], which also discusses the importance of
connecting students with STEM capital, including STEM related opportunities and resources.

Discovering that engineering faculty viewed their role in broadening participation as closely
connected to how they support, encourage, and engage undergraduate students provides a
potentially emerging engineering faculty perspective. Existing literature captures STEM faculty
voice in discussing their role in attracting more students into STEM and the role of K-12
education. While K-12 outreach and recruitment was certainly discussed as an important
component for increasing the representation of underrepresented students in their classes, this
was not a recurrent theme among most faculty participants in this study. Most faculty
participants in this study, instead, focused much of their discussions on specific practices,
observations, and perspectives related to how they could engage the students in which they had
access in efforts to broaden participation through encouraging persistence.



Conclusions and Implications to Practice

Within higher education institutions, engineering faculty are essential institutional agents who
have the ability to broaden the participation of engineering students from underrepresented
groups. Faculty participants in this study expressed an awareness of the high demands for talent
in engineering and ultimately shared their perceived role in broadening participation to be
through focusing on their interactions and engagement with current students. Making meaningful
connections with students, supporting and encouraging students, as well as creating an inclusive
classroom environment where students could connect their engineering discipline to their values
were all practices that faculty discussed which can promote the success and persistence of
students. While many faculty exhibited a mindset that aligns with inclusive practices and
teaching pedagogies known to positively impact student persistence in STEM fields, few
expressed a high level of self-efficacy toward achieving this goal. Many faculty attributed their
lack of self-efficacy to an educational and/or industrial experience which centered on their
technical expertise and not preparation for interacting with students, teaching or mentoring.
Additionally, faculty pointed to limitations and conflicts on their time which they felt limited
their ability to engage in faculty development focused on student-centered teaching and
mentoring pedagogies.

Implications to Practice — Faculty Development

Participants from this study expressed the perspective that faculty have an important role in the
success and persistence of engineering students. Building relationships was discussed as a
catalyst to providing guidance, encouragement and support to engineering students, which
faculty discussed as their role in student success and persistence. While faculty expressed their
desire to engage and support students in meaningful ways, an underlying finding of this study
was that faculty discussed a lack of self-efficacy stemming from a lack of formal training on how
to teach. This, in addition to time constraints, they expressed, impacted their ability to effectively
engage and connect with students. Thus, providing early and ongoing training opportunities of
teaching and learning pedagogies to emerging engineering educators can provide faculty with
what they need to develop greater self-efficacy with student engagement. However, limitations
on time are real concerns that are only exacerbated by adding required training on top of busy
faculty schedules. Thus, another recommendation includes being mindful of faculty time when
planning faculty development initiatives. Providing faculty with immersive experiences where
they have dedicated time to learn, collaborate with others to plan, and implement strategies is
essential. Offering lighter course loads or additional course support such as teaching assistants or
research assistants can also free up faculty time to engage in such initiatives. Providing
incentives or structured planning which intentionally eases the time burden and invites faculty to
engage in such immersive training experiences is also necessary.

Several faculty in this study offered up the recommendation for there to be more collaborative
spaces within engineering buildings to encourage faculty-student interactions outside of class
time. Others discussed the potential that academic advising could have on faculty relationships,
guidance and encouragement of students. Faculty and student advising expectations were said to
have shifted over the years becoming less personal and more transactional. Thus, being more
intentional and strategic regarding the guidance of faculty who advise students is also



recommended. If the goal is for faculty to be more relational than transactional, then this needs to
be a clear expectation, with suggestions on how faculty can successfully achieve this goal within
the context of their engineering school structures.

That faculty in this study expressed their role as engaging, supporting and encouraging students,
demonstrates an emerging mindset among engineering faculty which is conducive to inclusive
teaching and broadening participation in engineering. Thus, helping faculty connect their
awareness, mindset, and desire to support and encourage students by providing practical training,
as discussed above, as well as setting clear expectations on the role of faculty is recommended. If
engineering education transformation calls for faculty to support efforts to broaden participation,
faculty should be aware of this expectation. They should understand the context behind this need,
as well as be provided with the education and time needed to develop in ways which support
these expectations.

In providing training and education opportunities for faculty, it is essential to meet faculty where
they are in the developmental journey. Understanding that there are faculty at varying points on
the developmental spectrum is important. There are some engineering faculty who are committed
to the ideals of diversity, equity, inclusion, and accessibility (DEIA), and have an inclusive
mindset, however, may not have the knowledge or self-efficacy to implement practices which
support these efforts. There are others who may be unaware of the needs of today’s engineering
students, as well as of the national focus to broaden participation in engineering, who would
benefit from further education. Others may have personal philosophies or lived experiences
which may negatively influence how they perceive DEIA related efforts in STEM. In either case,
it is recommended that engineering education administrators assess engineering faculty to
understand each person’s baseline, and establish appropriate training plans in response to the
needs of faculty. For those already committed to the ideals of DEIA and/or see broadening
participation in engineering as necessary for the field, there may need to be an approach which
acknowledges this perspective by offering practical opportunities to learn about and implement
strategies. For those who may not see the relevance or value, it may be important for
organizations to invest time understanding this perspective in order to determine how to best
engage this group. Practicing inclusive and culturally relevant pedagogies in how faculty are
engaged and how faculty development is offered is also important. A one size fits all training
approach is evidenced to be ineffective [56], [57], and understanding that each person has had
different lived experiences, has varying perspectives, and may have differing values and
motivations for being a faculty member are important considerations when engaging engineering
faculty in their development journey.

Faculty expressed the belief that students need internal motivation to be successful and persist in
engineering. The same could be said for engineering faculty. Understanding what is important to
faculty, as individuals, and their motivations for being in faculty positions can provide great
insights for faculty developers. Additionally, understanding faculty motivation for engaging in
professional development can provide important information which helps to better engage
faculty. As an example, one faculty member discussed preferring to learn about diversity and
inclusion in the context of their particular industry; another discussed wanting to be a better
mentor for students doing research. While transparency of duties and responsibilities, as well as
providing immersive training opportunities are important, the reality is that not all faculty will



find broadening participation as important to their roles, nor will they engage in these efforts in
the same ways. Thus, providing faculty with a multitude of ways to explore and contribute to the
engineering educational enterprise, as well as connecting with faculty based on their interests,
values and motivations is recommended.

The findings of this study provide valuable insights which can guide engineering education
administrators and faculty developers in efforts to engage engineering faculty in broadening
participation. The results of this study in many ways support existing literature as it relates to
those elements which promote student success and persistence. However, the findings of this
study do not necessarily align with the image of STEM faculty often depicted in existing
literature, especially that which captures the voice of underrepresented students when sharing
their lived experiences in engineering at predominately white institutions. This may indicate a
disconnect between faculty intentions and student perceptions of engineering faculty, which
warrants further investigation via future research. Regardless of the outcomes of future research,
this study provides valuable insights for engineering administrators and faculty developers at
mid-sized R2 institutions in the Mid-west. Assessing faculty motivations and values, providing
individualized development plans which connects to faculty needs and values, and offering a
multitude of ways in which faculty can develop and interact with students, are just a few
recommendations institutions can enact to engage engineering faculty in broadening participation
of underrepresented students through promoting student success and persistence in engineering.
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