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Abstract — In response to the expectation that
Engineering programs in the U.S. attract and retainmore
under-represented students and assess program
outcomes, generally, this paper reports on a replable
partnership around assessment and program
improvement between the Engineering School and the
School of Education at a research university. Undehe
auspices of a National Science Foundation-funded 8¥)
research project, the two Schools, together with ne
education doctoral students, engaged nine research
questions. The questions focus on student accessatod
retention in BME specifically and engineering, genally,
from high school through the PhD; how well studentsare
prepared for engineering careers or graduate progrens;
the interdisciplinary nature of BME, and what practices
facilitate interdisciplinary work; and the experiences of
under-represented students (women and people of o).
To accomplish the research, each of the nine educat
students is engaged in an individual dissertatiorfpcusing
on a single question from this larger study. Throud
monthly meetings, the combined Engineering/Educatio
research team reviews results and discusses impliens.
The results include benefits for both Schools — rédime
applied research experience for the education studés
and a useful, continuous analysis of data and progm
improvement strategies for the Engineering program.

Index Terms — collaboration, interdisciplinary, program
assessment, retention, under-represented students.

INTRODUCTION

Two trends in education in the USA are convergingttee
discipline of engineering. The first is the needstengthen
the number and diversity of students successfappleting
STEM degrees. Engineering’s participation rates ragno
women and other under-represented groups lag behasd
other disciplines [1]. The second is the expectatibat
institutions of higher education assess, demorsteaid
report on outcomes [2]. Engineering needs to be abl
identify the difference its programs make in attiregc and
preparing future researchers and innovators.

While consulting companies abound to
Engineering Schools, one resource remains undiézeati
Schools of Education. This paper discusses an ahuisut
replicable, collaboration between one Engineeriroino8|
and one School of Education to address the chalendghe
education pipeline into and through the field obmimetic

Microelectronic Engineering (BME) at a USC research

university. The paper covers the creation and djperaf the
partnership, the research plan, a brief summamesidlts to
date, and suggestions for other institutions wighin create
a similar partnership.

GUIDANCE FROM THE RESEARCH ON ACADEMIC
PARTNERSHIPS

True collaboration across academic disciplines,iand
particular across disciplines that are unrelateghbith other
(for example, a science and non-science such asesrgg
and education) is challenging. An academic disogis
characterized by its unique “(1) body of knowledge,
including concepts and beliefs (knowledge of olgkct
methods for increasing and securing knowledge (kedge
of methods), and values about judging the quahty a
importance of knowledge (knowledge of values);g&pcial
body with effective rules and means for increasing,
communicating, and teaching the body of knowledgja a
way of self-reproduction” [4]. In other words, rarly are
our subject areas very different, but the ways fictv we
discover or test knowledge, and even the ways teeant
within a discipline are distinct [5].

What we know about interdisciplinary collaboration
comes primarily from the health sciences, and tik bf
that research involves collaboration between reseas and
practitioners, rather than researchers across asade
disciplines. Our own work with partnerships between
universities and community based organizationscatéis the
need for three critical elements for a collaboratio be
successful: (a) a shared understanding of the garpbthe
project and each contributor’s role; (b) a sensequiity —
not that everyone receives the same benefitshatieach
gets out of the project in proportion to what tleeytribute;
and (c) frequent and consistent communication apmject
status [6]. With these elements in mind, the awthone
from a school of education, the other from a scludol
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engineering, began a partnership to evaluate theagional
impacts of an NSF-funded outreach program in biooa¢d
engineering.

CREATION AND OPERATION OF THE EVALUATION
PARTNERSHIP

Under the auspices of a National Science Foundgh&t)-
funded Engineering Research Center (ERC), a leaudltja
member from the BME department invited a lead fycul
member from the School of Education (SOE) to ditthet
assessment of the university-related educationdteach
efforts of the ERC. The "science" of the centeruf®s on

for facilitating communication and the sharing o#terials
between the two lead faculty and the student rebeiam.
This student is expected to graduate at the erntteo2007
calendar year. The other works 10 hours per wesistasy
all the researchers in securing participants aratdinating
focus groups. This student is expected to gradum®008
and so will replace the graduating coordinator,sthhbe
coordination for the project has a succession plan.

Data collection is coordinated such that the group
accesses a given student or faculty member viavieig or
focus group only once, to prevent participants frbeing
solicited too frequently. Therefore, interview aridcus
group protocols and surveys are designed by thapgto

the use of nanotechnology to solve specific medicaincorporate each study’'s questions. The doctonadlestts

challenges (loss of vision, loss of mobility, anokd of
cognitive functions). Part of the center's educwticefforts
focuses on introducing curricula to support theatiom of
future researchers and technicians
interdisciplinary field. A second part of the pragr is

in this emerging

divide up facilitating the interviews and focus gps so that
each gets experience, working with their colleagamed the
SOE faculty member, gathering the data.

been reviewed with the entire research team, thé: Bdad

creating engineering modules to be used at the Bravfaculty member coordinates a meeting with the bV

Medical Magnet high school in select senior andgutevel
science courses. This outreach has been occuringhé
past 3 years as the grant is in its 3rd year. Atttime the
partnership started, the ERC was offering four mewrses
and lab experiences aimed at encouraging undergtesiu
and master’s level students to study BME.

BME and/or Engineering faculty and/or staff to diss the
results and develop strategies for program impreamem
based on the findings.

THE RESEARCH PLAN

The SOE faculty member assembled nine graduat®he partnership focuses on evaluating the outcashebat

students enrolled in the EdD (professional doc&)ratho
were interested in working together through thegpmm’s
“thematic dissertation” process. Much like a typisearch
team, the thematic group works together on a breadarch
area, with each student taking an individual redear
question from that common topic and developingrtb&in
dissertation. Each doctoral student works fulltiat either a
college or K-12 school in the area, and attendsdtetoral
program part-time. The benefit of this “thematissgirtation”
model for the students is that it provides struetfor the
research process, and reduces the isolation dbstodents
often encounter as they write their dissertatios.aAresult,

educational effort by (a) looking at the now 7 ngwl
designed courses, and comparing their educatiariabmes
with regard to retention in engineering, with the-medical
engineering program, generally, at USC; and (bykirey
former participants of the High School project, wdare now
in college, to see if they pursued any STEM fialdsle in
college. The long-term assessment goal is to daterihthe
BMES ERC is able to attract and retain an increpsimber
of diverse and under represented students in tbkace and
engineering related areas of study. The evaluaiody has
three topic areas, with multiple studies under gfmha total
of nine studies. With each of these issues, thetodal

85% of the EdD students in this SOE program graduatresearchers will be disaggregating data to exglateerns by

within four years, compared to 50% nationally [3].
Procedures of the Team

The inter-disciplinary team for this assessmentsistg of

the two faculty and the doctoral students notedralas well

as the pre-college and undergraduate outreach icatwods,

the academic advisors for BME undergraduate andugta

students and the project’'s administrative coordinafhe

entire team meets monthly to review progress aadbte

shoot issues such as access to participants or
development of a specific interview protocol. Assuks

become available, the lead student investigatosgmts the
findings to the team for discussion. In addititine SOE

faculty member and doctoral students meet bi-weekly
discuss questions related to the research literator

methodology, or dissertations, generally.

sex and race.

The study is divided into three themes with various
methodologies under each theme: 1) Access/Pipeke,
Retention, and 3) Graduation/Career Plans.

Theme 1: Access/Pipeline

Once findings become available, and after they have

the

Two of the doctoral students were selected to lee th

coordinators of the group, with each being paidiead by
the NSF grant. One works 20 hours per week arigeisetad
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Study 1—Phone interviews with the 27 students who
graduated from the Medical Magnet high school, who
are now in college (Class of 2004-2007). [College
students under 18 years of age are excluded fram th
study and High School graduates will be contacted a
least 6 months from their High School graduatioteta
Study 2—Demographic comparisons of enrollment
using an equity index [4] of women and under-
represented groups in the ERC, BME and Engineering
school generally, benchmarked against overall
undergraduate enrollment at the University, andrega
national enroliment in Engineering programs.
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Study 3— Phone interviews with 35 students who havesummarize briefly the studies conducted so farthad

taken BMES-ERC courses,
patterns, admission patterns,
career goals.

Theme 2: Retention .

Study 4—Phone interviews with (a) students who have
taken 2+ BMES-ERC courses (N = 22); (b) studente
who have taken 1 BMES-ERC course (N = 13); and (c)
students who enrolled in one BMES-ERC course and
dropped after the add/drop week without completirey

course (N =5 '06-'07 academic year). Review
University course evaluation data. Compare students
experiences in BMES-ERC courses versus other

BME/Engineering courses and suggestions for
improving the program.
Study 5- Interviews with faculty throughout

Engineering and the ERC (N = 12) about attracting a
retaining under-represented students.

Study 6 — Interviews with faculty throughout
Engineering and the ERC (N = 12) about doing
interdisciplinary research and teaching — barrians
facilitators.

Theme 3: Graduation/Career Plans

Study 7—Survey of undergraduate program graduates
who have taken BMES-ERC courses (N =38 '06; N=39
‘07) about their experience in the BMES-ERC program
before graduation (3 weeks prior to graduation) ane
year after graduation.

Study 8 Interview employers (N=16) based on the
graduation survey to determine if students witregrde
from BME are academically prepared.

Study 9 Survey of graduate program graduates who
have taken BMES-ERC courses (N =28 ‘07) about their
experience in
graduation (3 weeks prior to graduation) and onar ye

after graduation.
Assessing the Collaboration, itself

Although not part of the NSF assessment, the stedyn
noted the need to periodically assess how the homidion
was working. The SOE faculty lead created an opeleé
survey using Survey Monkey and administered ihatdne-
year anniversary to the faculty, staff and educatoctoral
students who were working on the collaborativeividdials
were asked to indicate their level of contact vk “other
group” in the collaborative (i.e.., if one weremahe ERC,
they were asked about contact with the SOE), thieites
that had been most helpful to them, and suggestions
improvement.
RESULTS

The collaboration is on-going, expected to runtfier
remainder of the ERC, which is anticipated to bedfd
through 2013, therefore results are based on fisieytear of
the collaboration. In this section, results arevyated that
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analyze course takingprogress of the collaboration, itself.

demographic patterns,
Sudy results

Study 1: High School alumni.As we have not yet been
able to contact the comparison group, findings are
limited to a discussion of the

Study 2: Demographic Study The equity index,

benchmarking enroliments of women and under-

represented students in the ERC and BME program
against enrollment in Engineering and the Univgrsit
revealed the following:

* ERC has 24% more females at the undergraduate
and 15% more females at the graduate level
compared to Engineering as a whole.

« ERC has 6% more Asians at the undergraduate and
14% more Asians at the graduate level compared to
Engineering as a whole.

e Atthe undergraduate and graduate level ERC lacks
the number of Black, Hispanic, and Native
American students who participate in an ERC
course in comparison to Engineering.

e Atthe undergraduate and graduate level ERC has a
lower percentage of students who are non-resident
aliens.

Study 3— Preliminary survey and interview data

confirm the literature about engineering careeriadio

the majority of students chose engineering becadise

family influence; they either have an engineer lie t

family, or in the case of the first generation eg

students, chose engineering because the familyitszsv

a legitimate, status-bearing career path that cbuiluy

future economic stability for the individual and

ultimately the family. Few mentioned being exposed
any outreach efforts.

the BMES-ERC program beforeTheme 2: Retention

Study 4- Preliminary interview data indicates no
significant  differences in  the  undergraduate
characteristics or experiences of students who etdp
versus those who persist in the neuroengineering
specialization. A majority of the students was
unfamiliar with the BMES-ERC and the courses that
were tied to its educational component. The BMESSER
courses are technical elective courses for BMEesttsd
Therefore, the students took ERC courses basetieon t
number of technical course units needed to complete
their degree. Students who dropped an ERC course
during add/drop week dropped for a variety of reaso
added the course late and felt behind, wanted taelig
course load, or after attending the class, diseal/¢hat

the discipline did not meet their interests

Study 5- The dominant theme expressed by faculty
about increasing the diversity of students in tregpam
was that they were interested but did not know how
make it happen. They pointed to several key school-
wide diversity programs, and to the one faculty rhem

in the ERC tasked with increasing student diveraisy
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positive efforts, but did not talk about having any“somewhat” to “very” helpful. Elements of the mewgs that
personal responsibility for the effort, nor did yhe respondents found helpful included:
mention any structural barriers

e Study 6 - Interviews with faculty throughout
Engineering and the ERC (N = 12) about doing

interdisciplinary research and teaching — barrians
facilitators.

Providing updates about both program innovations
and research progress;

Sharing the timeline for the studies so that th&€CER
members understand the research agenda;
Troubleshooting data access problems as ERC

members can often help the SOE gain access
Suggestions for improving the collaboration incldde
« Providing minutes of the meetings for those unable
to attend,;
Providing in writing a brief summary of each

Theme 3: Graduation/Career Plans

e Study 7: Undergraduate Career Plansin May, 2006,

the team administered the graduation survey to 53 B .

BME Seniors. Thirty-eight responded (72% Response

Rate). Seventy-one percent had taken at least 1 ERC

course. .

1. Students who had taken at least one ERC course
planned to work at a higher rate (21%) than stuglent
who did not take an ERC course.

2. 46% of the ERC students who planned to work had

been offered and/or accepted a job at the timedf t |15\ing a shared vision regarding the purpose ofékearch
survey. collaboration has been key to the success of thig@rship

3. Overall the BS BME graduates felt that (&) BME g f5r The primary strategy behind creating a eshaense
should offer BME related coursework durlng their ¢ purpose has been communication. Working across t
sophomore year, (b) the BME program is 100 qtessional schools is physically and intellediual
general to be prepare them for industry; (€) theyepajienging. To get the most out of the partnerskipch
need assistance applying for jobs and schools, angt, p needs to make an effort to understand thé wbthe
(c) the BME students applying to medical school
wanted more guidance. o understanding (albeit at a basic level) the scighee is at

e Study 8 The employer study will begin in fall 2008. the heart of the ERC; for the ERC faculty, it medeing

* Study 9 In April 2007, the team administered the wijlling to look at the “intentionality” of their axemic
graduation survey to 41 BS BME Seniors. Thirty-eigh programs (hOW kn0W|edge is Sequenced; how exp@"&nc
responded (68% Response Rate). 75% of th@re structured) in unfamiliar ways. The partngyshi
respondents were seniors in the masters programhs agherefore, benefits when its members create a peanst

25% were PhD students. 24% of the MS respondenig§ommunication and decision-making process. Our

were part of the designated ERC Medical Device anghartnership has not fully achieved that, but tredback we

Diagnostic Engineering (MDDE) program. received suggests that we are on the right traeke®ping

1. Graduate of the MDDE program plan to work at athe research agenda together, sharing frequenssiatiates,
higher rate (24%) than other masters graduates.  meeting regularly, and making the effort to shaferimation

2. Overall the MS MDDE graduates indicated theywith those who cannot attend meetings, while segiyin
would like to see more flexibility in their course simple steps, go far to insure that the evaluaiarinership
work. . _ will be successful.

3. Graduates expressed a desire for seeing more Access to data can be difficult for an outcomesiystu
faculty with industry experience teaching in thejjke this. Not all programs keep contact informatfor their
program. alumni, nor do they know all of the employers hyritheir

graduates, for example. Academic units are rightbtective
Collaboration results of student contact information. The SOE researcheesled
A preliminary, anonymous survey of the researchmtea the ERC faculty to provide legitimacy for their tests for

using Surveymonkey.com, resulted in responses f@m data, and help gain access to student, faculty zmahni.
partICIpantS, four from the BMES-ERC and four fr@OE. St|||’ our pre”minary Samp'es are smaller than wha

The respondents noted two reasons for the collébara \ould like. Prior to the next round of data colleat we will

compliance and curiosity. “Compliance” refers te tesire  pyild into the department’s processes some wafacititate
to respond to NSF's expectations for better assessof  gata collection, such as securing non-Universitytact
ERC impact, and “curiosity” reflects participanigénuine  information for seniors in the weeks before themdyate.
interest in learning more gbout both how to do #iigl of  QOther groups wanting to engage in similar studiesuld
assessment and how to improve the BME program. €Thefnticipate having difficulty accessing participacbntact
was no difference between the BME and SOE respdsdien jnformation. Possible remedies include working with
their perception of goals for the project. campus alumni office, soliciting contact informatiprior to

The entire team meets once per month, which 100% (graduation, and (re_)introducing the assessmeribqirdo
the respondents found to be enough. Indeed, gbrefents  students at orientation each fall.

found the structure and content of the meetingshé¢o

the study and its status at each meeting;
so that efforts maximize our access to participants

RECOMMENDATIONS
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research study, the names of the people conducting

Doing more advanced planning around data needs

other — for the educational researchers, this means



Perhaps the greatest asset for a partnership Hikeig

trust. By this we mean that our BME colleagues takisk in ACKNOWLEDGMENT
stepping back from controlling the outcomes resgaand
willingly allow the SOE colleagues to do what thiywell - The authors are grateful to the National ScienaenBation

educational outcomes assessment, with the unddnstan for providing partial funding for this research,tte research
that the process will be respectful and helpfuthea than  team for making this collaboration possible, anganticular
adversarial. Too often “program evaluation” has eoto  to Jenny Rhee-Inouye for her coordination of thacadion
mean either counting things that do not mattericatching  doctoral student team.

people doing things wrong.” The SOE colleagues work

demonstrate that neither is their intent. If thwe wnits trust REFERENCES

and respect each other, both programs gain — th€ ER

through practical data and suggestions around pnogr

improvement, and the SOE through real-time researcld] Babco, E. LUnder-represented Minoritiesin Engineering: A
opportunities for its doctoral students. Progress Report, Repqrt prepared for the American Association fier t
Advancement of Science, 2001.
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