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Abstract — United States higher education faces pressure
to increase its capacity to produce a labor forceapable
of competing in a global technological economy irhe 2"
century and beyond. The cohort of “baby-boomers” se
to retire by the thousands exacerbates the shortagef
employees in STEM (Science, Technology, Engineering
and Math) fields. The labor shortage could largelybe
filled if underrepresented groups (including minorities
and women) were utilized in the STEM workforce in
parity with their total workforce population.

In response, the NSF has included a diversity goal
included in their research grants to higher educatn
institutions. The Engineering Research Center grats
(ERCs) are one way the NSF attempts to support
fundamental research and to shift traditional thinking
about engineering education. This paper presents
findings from three studies focused on a private
university’'s NSF sponsored ERC program’s student
diversity mission. The first study presents findigs from
faculty and administrator interviews regarding their
understanding of the URM student shortage. The secd
study explores faculty and staff explanations for he
relative increase in female students in the ERC. Ththird
study examines, from the perspective of URM PhD
engineering students and key factors influencing #ir
retention.

Index Terms — Retention,
Students, Organizational Culture, Organizationain@te.

INTRODUCTION

Underrepresented Minority

the United States (following teaching), employingarly
one-and-a-half million people [1]. While demands fn
increase in engineers has occurred, the numberhitesv
interested in engineering has decreased and théeruaf
underrepresented minority (URM) engineers in
workforce and in undergraduate engineering prograas
not increased in parity with their representation the
population [2]. This paper synthesizes the findirfgpm
three studies focused on understanding, from facslaff
and student perspectives, why women and URMs agstio
enroll at disproportionately low rates, using omgiaeering
program as the case study.

REVIEW OF THE LITERATURE

I. Trends in diversifying the demographics of eegiing
programs

The lack of diversity within the engineering prafies and
workforce is the number two concern articulated tlire
National Science Foundation’s (NSF) 2005 stratptao [1].
Aside from the issue of quantity, to remain ecorcaity
competitive, the U.S. workforce must be equippethwie
skills and abilities to collaborate with a divergggernational
and domestic population of business people [3].islt
postulated that a diverse workforce is one easytowvansure
that.

The decline of students, especially under-represl
minorities (African Americans, Hispanics/Latinos,nda

Native Americans) and women entering STEM (science,

technology, engineering, and math) fields in thes.Uis
directly related to the looming shortage of quatdifi

Advancements in space and defense technology alongsearchers and workers in engineering fields. s U.S.

with the addition of entirely new fields,
bioengineering and nano-manufacturing, led to tredones
growth in engineering during the latter part of tB@th
century [1]. Engineering is the second largest gssibn in

such asstruggles

to keep pace both
economically in the 21 century, educational institutions
need specific recruitment and retention stratetpesxpand
the STEM pipeline, especially in engineering. Olletthe
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goal must not be simply to increase demographic braurm
and representation but rather to insure equitabtégipation
throughout academia and in the workforce.

Undergraduate students. Using one URM population to
illustrate the trends, consider that from 1995-20@%
African American college-aged population (18-24rgeald)
was roughly 14 percent of the total U.S. populatjehthey
comprised only 5.9 percent of undergraduate engimge
enrollments [4]. During the same period, the ennelit rate
increased considerably for Hispanics and remairieddy
for Whites, Asians and Native Americans.

Numerous studies have addressed the under-repatisardf
women and other URMs in science, addressing issuels
as: Why do young girls seem less interested imseig¢han
boys are? What factors discourage women from takioge
math and science courses in high school? What riacto
encourage women to choose to major in SME fields in
college? And among them, who persists toward the
bachelor’s degree?

At the graduate level, for example, several factarge
been associated with persistence including the eanad
climate, faculty interaction, mentoring, financsalpport, and

African Americans and Asian Americans composestudent self-efficacy [7]. A common theme assodatéth

similar percentages of the college-aged citizemmidly
11percent) each yet Asian Americans, over thellastears,

graduate student persistence is faculty interactidnlike
undergraduate and Master's engineering studenttoco

have consistently received more than twice as mangtudents’ socialization and educational experiemety

engineering bachelor’s degrees. With the excepifddative
Americans, African Americans received the
bachelor’'s degrees in engineering awarded in 2008r the
last decade, African Americans have also
significantly fewer undergraduate degrees in erging
than have foreign nationals [4].

Gender. In the past thirty years, the number of sciencegfficacy.

math, and engineering (SME) bachelor's, masterisd a
doctoral degrees awarded to women has increasd@@ss,
150%, and 267%, respectively [1]. Although the genglp
has certainly narrowed in these past decades, wdrage

fewest

heavily on their research relationship with faculty
The issue with the majority of the research oraating
and retaining students in engineering is thatdéuges on the

receivedtudent, and does not also consider organizationklire.

Certainly there are student characteristics thatrimte to
student retention, such as incoming math skills aati-
However, for many engineering programs,
including the one serving as the subject of thiglgt there
are so few women and/or URMs that the issue is mw
attract them as a program cannot retain what i st have

in the first place. We suggest that an additideak, an

not yet achieved parity. Currently, women are underanalysis of organizational factors, needs to beeddfl we
represented among SME degree recipients at alllsleve are to understand the dynamics involved in attngctiRM
particularly at the graduate level, earning 35%@athelor's students to engineering programs. For the purpobésis
degrees, 26% of master's degrees, and 24% of dbctorstudy, student persistence and retention refees student’s

degrees [5]. In this case study, compared to tlieetsity’s
overall enrollment, the numbers of female engimegri
students v. male students in general were 24% d8d 5
respectively. Female students outnumbered males tayio
of 6:2 for undergraduates but were slightly smadlea ratio
of 1:3 on the graduate level.

Doctoral students. While there have been important
moderate gains in engineering for underrepresemiadrity
and women doctoral students, the continued dearttains a
fundamental concern in academia. With the aversni¢icn
rate among all doctoral students at 50% [6], itdmees even
more imperative for educational institutions to essstheir
recruitment and retention efforts of all studermspecially
underrepresented minority students. Consistett mational
findings, for this case study, the School of Enghigg’s

decision to continue their educational studies mattriculate
to their next academic year. Conversely, attritmecurs
when students decide to leave the educationatutisti.

lll. The role of organizational factors in attracting UR.

An article discussing strategies for recruiting aethining
underrepresented minority doctoral students in Ridical
Engineering, challenges engrained academic beliefs
regarding which students are considered more autelally
inclined and suggests that such essentialist thinkiust be
addressed [8]. The researcher contends, “All gr@dua
training eventually boils down to individual facuinembers
committing to individual students and vice versa.]. There

are various ways to succeed in recruiting and mgtgiURM

URM doctoral students (N=27) comprise approximatelydoctoral students but key to them all is the cozatf real

2.6% of all engineering doctoral students.

If the looming researcher/worker shortage
engineering could be alleviated by increasing thmiper of
URMs coming through undergraduate engineering jgirogy
then we need to understand why so few URMs aresotiyr
enrolled in engineering programs. The catalogred 8RC
states that it is, “uniquely positioned to accomsiplthe NSF
goal of creating a diverse workforce for the nead distant
future.” The ERC's stakeholders are interested

student-faculty relationships, which demonstrateekgmple

inthat diversity and excellence can and should ctiei@.

Focusing on the perceived shortcomings of the siisger
“deficit thinking” blinds faculty to the role of thacademic
climate in reifying this disparity.

A study advancing specific strategies for edional
institutions that seek to recruit, retain and getduURM
doctoral students identified organizational traitnd

ircharacteristics of successful institutions [9]. ®owf the

determining the extent to which they have progmrssefindings included establishing an early pipelinel @xposure

towards that goal.

Il. Research on attracting and recruiting URM students
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In a study providing compelling support tHatulty
interaction and representation are integral to wgtelstudent 1l1. Site for the study
retention and success, it was found that the migetfisant
predictor of the enroliment, retention, and matation of The case for this study was a single departmertinvia
African American graduate students is the preseofe school of engineering at a large, private researghersity.
African American faculty [10]. This conclusion swggs that The department, one of seven, runs an NSF-funded. BR
there is interrelatedness between the represemtatitaculty the University’s undergraduate engineering school,
and enrollment of students from underrepresentedps. Hispanics represent 11% but 5% of the ERC. Blacks
What the next three studies contribute, the sulgjetttis  represent 3.8% but 2% of ERC. American Indiansasgnt
paper, is a deeper understanding of the shortaga the .45% but 0% in ERC. All the above minorities aresoal
perspective of faculty, administrators and doctatadents. underrepresented in the department that houseERt@.
Knowing more about how they define the problem, ighe With the exception of Whites and Asians, all ethnic
they place responsibility, and where they see ewmideof minorities are under-represented at the Universiliyough

success can help us more effectively address tivtagje. the numbers are higher than many other similaitiniins.
There are two undergraduate programs aimed at
THE RESEARCH PLAN increasing diversity at the BMES ERC, the Research

Experiences for Undergraduates (REU) and the Tribal

The purpose of these studies was to examine factofGolleges and Universities Program (TCUP). REU, &e
influencing the recruitment and retention of undedyate week summer program is designed to increase thersiy
and graduate underrepresented minority and fentatkests  of the scientific and engineering workforce by udihg all
to a School of Engineering, and more specifically a members of society, regardless of race, ethnioitygender,
Engineering Research Center. The primary units oin all aspects of the centers' activiti€udents will receive:
observation were a purposeful sample of faculty(1) $3,200 stipend for the 8-week program, (2) gedsing
administrators, staff, and current and former URMda in University dorms, (3) travel support, (4) perabn
female engineering students. To aid in triangutatidd the  mentoring by the University’s researchers and gagalu
data, we also analyzed organizational artifactduding students, and (5) research experience. SimilaiGJF is a
marketing and BMES publications. 2-week summer program.

The research questions for the faculty and staféwe
« How do they understand the current enroliment gok| V. Data collection

thereof) of women and URMs in their undergraduate

and graduate engineering program? To what do they All 11 faculty and staff affiliated with thERC were

attribute the low numbers? invited to participate in an interview. At the tingd this
« What value does increasing the presence of URMs an@aper, 7 had responded, resulting in a 64% paaticp rate.
women hold for them? The interviews were semi-structured, and used anmom
«  Where do they place responsibility for increasihg t interview guide [11] One hour semi-structured imtews
diversity of the programs? were conducted with the 3 URM doctoral students
«  What successful strategies do they identify? What drepresenting different specializations. The spediterview
they suggest for improvement? protocol asked what factors, including academigaration,
For the current and past PhD students, the quastiocademic climate, faculty interaction, mentoringnda
were: participation in ERC classes contributed to theirsgstence.
«  What do URM PhD Engineering students identify as th Each of the interviews were transcribed and calseful
key factors influencing their retention? analyzed to accurately convey the participants’ugius.

. To what extent do their experiences differ acrosswe then analyzed all the data from the interviend @eport

specializations and year within the program? it below by theme.
e For those involved in the ERC, what role if anyesat

play in their decision to stay or leave the progfam FINDINGS

METHOD V. Increasing undergraduate diversity
Faculty, administrators and staff offered multiple
explanations for the under-representation of “miires” in
the ERC program yet there was consensus regardigaglb
satisfaction with the efforts of the all of the ketholders to
increase females and URMs in the ERC, given the
constraints under which they were operating.

Perhaps the simplest way to understand participants
responses, described below, is from the perspesfitlecus
of control.” Locus of control refers to where ardividual
situates responsibility for taking action [13]. Beowith an
internal locus of control see themselves as resblenfer the

The studies looked for respondents’ “theories imcfice” by
using in-depth interviews employing adturalistic inquiry
research design” [11]. Naturalistic inquiry is aatitative
method of investigating real-world phenomena innigural
setting without research controls or manipulatifily. The
intention is to bring to bear a sense of each m&sseoice
through open-ended questions with the goal of hpte
participant reconstruct his or her experience withie topic
under study [12]. The personal perspectives provide
context for the policies, policy implementation gmectices
that create the culture of the ERC.
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things happening to them; those with an externabioof
control place responsibility on people and evenitside of
themselves. Responses from faculty and staff gdger
revealed an external locus of control with respéct
increasing the diversity of the ERC student popattatFor
example, the most frequently cited challenge

sense of responsibility to their community. Thigtjggpant
was the only one who alluded to the needs of th&i6lRom
the reference point of the URMs. The participamkspof an
organizational culture at the ERC that insists onfarmity
with the status quo of a scientific persona and roomity,

forand does not consider the uniqueness of studentshair

implementing a diversity mission was the leak ire th backgrounds.

pipeline. The point is well taken that there iseayvlimited
pool from which to draw but the question is, ofgadn the
pool, however small, why are they going to othetitations
or programs and not to this one? There appeareleto
consensus that, “We are a very great Universityt thas
similar, if not better academic and social supfaristudents
but it is difficult to compete with universities msidered to
be larger and more prestigious. Not having enouggm€tial
aid to compete with these institutions was seeamassue.

They also pointed to the lack of interest in, arklaf
knowledge about engineering and biomedical engingem
the part of URM high school students; the unit'skleof
control over the University’'s centralized undergrai
admissions process;
inability to compete with other top research ingigns for a
limited talent pool. These explanations place rasmlity
outside the role of the individual faculty or staffember,
and even outside the academic unit.

The National Science Foundation Diversity requiaes
education and diversity component in each ERC gk&hile
the level of priority and commitment by faculty astff to

the recruitment of URMs varied, the NSF's diversity This

VI.URM Graduate Student Recruitment and Retention

During separate interviews, three current undeesgmted
minority doctoral students shared their thoughtsliwersity
in the engineering program. The most recurring &&em
included: program culture and the role of mentoring
navigating that culture; self-efficacy, academieparation,
academic specialization, cultural isolation, andedity
among students, faculty, and staff.

Department culture and the role of faculty
interaction, mentoring, and recruitment. Participants
noted that the complex and unique culture of a atatt

and the University's and ERC’'S$rogram did not necessarily promote community. éddht

from undergraduate and Master’s students, docttudents’
academic experience relies heavily on their reseaith a
faculty member. Consistent with earlier researctdifigs,
faculty support and interaction was essential atdbctoral
level. They understood the simple, yet profounditsethat

the increase of URM students pursuing a PhD haseatd
correlation to the pool of qualified faculty in tietassroom.
cyclical interdependence also impacts future

imperative was consistently alluded to as the pmyma recruitment of prospective students as many widtksan

motivation to focus on the URMSs.
considered the NSF diversity imperative to be “adible
goal” as it attempts to make researchers, “respt:snot
just for the research but for the next generation
researchers.” A faculty member said their motivatstems
from a “combination of knowing it is a priority vitthe NSF
and feeling like it's the right thing to do.” “Théght thing to
do,” according to that participant, is based ofitytrather
than a moral imperative: Engineering and sciencamaged
if the pool of applicants is artificially constraid.”

One participanteducational institution that has some represematid

faculty similar to themselves.
While each of the students agreed that theratlve

oacademic climate was generally welcoming, they each

expressed concern regarding the low number of URM
students in the program especially the doctoradanm. The
students also discussed the need for mentoringsapgort
more formally than the informal channels that afeero
limited.

Student initiative. The desire to have a diverse

A few responses suggested that some faculty areommunity prompted students to establish a minority
beginning to see their own role in increasing shide graduate association to address some of the cancern

diversity. For example, some faculty and staff désed:
lackluster motivation on the part of the Universityd the
ERC program stakeholders to recruit and retain URauhsl
ERC stakeholders’ lack of knowledge about recruitirand
retention strategies. Several others, when askedtavays
to increase the presence of women, specificallyechahe
role of faculty in reinforcing women'’s self-efficac“What
keeps women in engineering is that no one eves thbm
that they can't do it. No one ever says that yonweas good
as your male counterparts. If it's in their mindattthey are
just as good as anyone else in accomplishing taeeaer and
academic goals, they are more likely to persist.”

The literature suggests that here is where truesgean
begin — when the department acknowledges its respibty
in increasing diversity, it will begin to take efteve action.
Indeed, one faculty member postulated that retentid
URMs has not been strategized in a culturally gmesi
manner, particularly relative to connecting witlke tiRMs’

Coimbra, Portugal

previously mentioned and to institutionalize effodesigned
to increase the number of URM doctoral.

Support external to the university. The most salient
factors consistently identified as key retentiontdas were
strong familial support and personal determinatidach of
the students noted their genuine interest in erging as the
impetus for their continuation.

Uncertainty about financial support is a deterrent
Funding was stated as a concern due to the neepply
every two years versus a secured fellowship forehtre
program.

RECOMMENDATIONS
The Engineering Workforce Task force repoitteat the
educational culture of engineering is “at odds wita value

systems of most minorities,” that new administrativ
structures may be needed” to enhance multidis@plin
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approaches to learning and research, and a “ned &n « Faculty Perceptions and Interactio®s noted earlier,
faculty may be needed to understand innovatiomdustry” faculty perceptions and interaction are the maostgral
[ 2] . Essentially, the Task force has hinted at the kihd factors affecting graduate student retention. A
transformation that engineering programs have not fundamental commitment to view URM doctoral
historically prepared faculty and program leades t students as having the intellectual acumen to acindu

undertake. The following directives address stiatedrom rigorous and significant research is essential for
the pipeline to the overall organizational culture. organizational success.
« AdmissionsPartner with the admissions office in a more NEXT RESEARCH STEPS

proactive way to impress upon them the high stakes

involved. Survey students who declined admission to To further understand the dearth in the humber RMU

determine why they chose another institution. and female students in engineering, additionalistudould

examine the admissions process of elite institgtiorhis

» Undergraduate Diversity ProgramgVhile the programs could provide insight on what factors are more higtalued

may provide positive benefits for the populatioeeved  in the overall student evaluation process.

by them, they have not increased the enrolimenhet Additionally, a longitudinal study chronicling anRW

University/ERC or any URMs. The REU/TCUP doctoral student from the application process thhou

programs must explore ways of providing admissiongraduation could create a lens by which the varfac$ors

assistance for students to explore their trangféomns. influencing their retention can be analyzed.

* Academic CommunityCreate an academic community CONCLUSIONS
that is student-centered, to the extent that stkehs
understand and support the unique Essentially the BMES ERC is doing many things rigtitey
backgrounds/challenges faced by students relative thave the diversity center, the REU and TCUP, apipeline
their demographics. Reinforce how the coursework anprogram for high school students at a local sciemegnet
profession connects to an ethos of service to camtsnu  School (the subject of a collaborative study irs theries)

that is so important to URMs and females. and they are focusing on new solutions like theiisgring
for Health Academy.
. Doctoral Recruitment and Admissions Proced® In order to achieve its diversity mission, the stadders

increase the number of URM doctoral students, thi®f the BMES ERC may benefit from expanded dialogue
School of Engineering should identify and implementabout the needs of the URM and females studenyshbpe
strategic initiatives designed to broaden tradilon toO attract and retain. The literature suggests disathe unit
recruitment processes that genera”y re|y pr|ma0l‘y takes more reSponSib”ity for attracting and ré@rURMS,
quantitative measures to determine admittance. Aemo it will see gains. We saw evidence of some effantshat
holistic approach that encompasses a Variety ofirea, and while more is needed, the lack of efflag not due
strategies including outreach to Historically Blackto & disregard for URMs, in fact, some participaintshe
Colleges and Universities, and Traditionally Hisipan interview setting asked for assistance in thinkthgough
Serving Institutions would increase the pool of lfieal what they could be doing differently to attract arexdiverse
applicants. The School of Engineering must chakieng student body. We found this to be very encouraging.
historical “deficit” discourse and resist the tendg to To their credit, one major asset of the ERC is thay
bemoan the notion of a “non-existent” pipeline. Whi ~ have the courage to talk openly about where theytiseir

fact the URM student pipeline may be limited inesiz  shortcomings, and to accept feedback from the reisea
is not limited in talent. team. This is perhaps the most powerful findinglof
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