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Abstract - An initiative was developed as a collaborative
effort within the School of Engineering and the
institution’s K-12 outreach center to promote a culure of
inquiry in engineering education among all faculty; to
engage faculty in exploring research-based instruiinal
strategies; to encourage faculty to examine their van
instructional practice and adapt appropriate strategies
for their own classrooms; and to build capacity for
engagement in methodologically-sound engineering
education research. Strategies to build this learng
community have included: seminars and workshops by
renowned engineering educators and STEM learning
research experts; “brown bag” lunches facilitating
faculty discussions around issues of teaching and
learning; a competitive internal grant program for
faculty to redesign a course and assess learning
outcomes; assistance with identification and devgbment
of education research grants; access to and consatibn
by education researchers; and providing recognition
travel stipends, and other incentives for faculty egaged
in engineering education research. Preliminary resits
show growth in the number of faculty engaged in
education research, both as adaptors of effectiverqctice,

and as creators of new knowledge, as measured by

participation in seminars and events sponsored undehe
initiative; number of papers presented at engineerig
education conferences; affiliations with engineerig
education organizations and collaborators; and numer
of education research proposals submitted and awaedl.
Impact has been noted both among veteran faculty as
well as new faculty.

in engineering education research and the adaptafisuch
research and other documented, research-basedyqopck
best practices to their teaching, an initiative Haeen
developed known as Research and Innovation in [Eeging
Education (RIEE). This initiative has been envisidras a
multi-dimensional culture change effort aimed atreasing
awareness among faculty of the state of the ah@ineering
education research; improving teaching practicentiflying
and growing the Institute’s distinctive strengths i
engineering education; and increasing collaboratigith K-
12 schools and community colleges for the bensfithe
Institute and the partners; and increasing enginger
education research funding.

The RIEE effort was catalyzed by collaboration
between the School of Engineering and the Instgutel12
outreach center known as the Center for Innovaiion
Engineering and Science Education (CIESE). The é&ant
mission had in 2004 been expanded to include unadugte
education after more than 15 years as a natiomalelein
developing innovative programs to enhance K-12
mathematics and science education.

CULTURE CHANGE IN ENGINEERING EDUCATION

It has been well recognized that in order to effedtainable
change in engineering education the culture of the
organization is a key factor. Godfrey [1,2] hascdssed the
increasing awareness of the role of culture asnemging
education reform has taken hold in recent timesaon
international scale. She points to a disconnetdsn on
one side the calls for cultural change made bygsibnal

Index Terms— culture change, engineering educationbodies and government and on the other side thal iafv

research, effective teaching practices, facultyagegent.
INTRODUCTION

Traditional incentives at research-intensive engjimg
institutions reward faculty for disciplinary reselractivity
and publishing. Faculty engagement
education research, and the processes related doea@ss
and adaptation of effective pedagogical practioeisnprove
student learning are, in many institutions, a distecond—
and often competing—priority for faculty time antieation.

understanding by engineering educators and theingh
leaders of how culture impacts behaviors and mestthat
will enable such reform. She has built upon theokarship
of how organizational culture influences changddgelop a
framework applicable to engineering education.

This framework identifies a number of core cultural

in engineeringlimensions of beliefs and assumptions and it ighiatlevel

that shifts must ultimately occur to support sussdicultural
change. The beliefs and assumptions derive frdoesaand
norms which in turn are manifested in artifactsctslas
mission  statements, documents, websites, curricula,

In order to promote a culture within the School ofbuildings, etc.) and in practices and behaviorsdftay

Engineering that fosters and recognizes facultyagament

points out that change via strategic planning isically
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driven from the level of identifying desired valuesd
norms. Successful cultural change can be achieviy
when these lead to changed artifacts, practicedahdviors
at an operational level that,
embodied in the cultural norms and assumptions hef t
organization.

Although significant value is placed on deliveriag
high quality undergraduate education at Steveng th
prevalent culture has been one that has emphasized

once sustained, becondisciplinary research among the faculty. In fdet tevel of

disciplinary research has increased substantiallyeicent
years as measured by the usual metrics in respontee

Further evidence for the significance of -culturalInstitute’s strategic plan.

analysis in guiding successful change has come from

research associated with common curricula restrinctu
activities at partner institutions of several of thngineering
education coalitions sponsored by the National r®ae
Foundation (NSF). These include Merton et al.Wy@h the
Foundation Coalition. They have highlighted thsuis
associated with achieving scale up following suscedth
early adopters. Gateway Coalition research hasshmw
both quantitative and qualitative measures can bskess
and support programs of curricula change both imgeof
program effectiveness and culture change [4]. &ebers
with the Greenfield Coalition for New Manufacturing
Engineering partnered faculty members with anthiagists
who used ethnographic methods to document cultweege
and in so doing informed change leaders on
appropriateness and impact of their strategies [5].

THE CULTURAL CONTEXT AT STEVENS

The culture at Stevens Institute
technological university with 131 regular facultyembers
plus a significant number of full-time special fitgu many
of whom have significant industrial experience aack

There has been relatively little experience in
engineering education research. The Institute basad the
benefit in this respect of the presence of an dthuta
department and associated education researchyfac(st, it
has been recognized that alignment with the ndtiona
movement to research-based engineering education
innovation is important to the Institute’s commitmheto
excellence in undergraduate education.

To shift the culture to one which promotes engimagr
education research required a recognition of thevab
cultural context and from that to build a stratethat
included a process for awareness building and theigion
of inducements such that faculty would investigated
experiment with engineering education research t pilo

thénitiatives and research-based, pedagogical methotlse

awareness building was deliberately staged sudhfdbalty

would be motivated to seek out the relevant edonati
research in their area of interest rather than lapeocess
that might have made the task of engaging in edutat

is one of a smalfesearch appear daunting for a newcomer facinglaige

body of knowledge associated with engineering eiiluca
research.

As previously mentioned, having the CIESE

dedicated to teaching, 1800 undergraduates and 30@@ganization join the School of Engineering was thtalyst

graduate students, many part-time.

This close-knithat helped promote development of the strategyltbeame

community promotes good faculty-student and faculty the RIEE Program to instill a new direction in eregring

faculty interactions. The Institute has pridedlitge offering
a broad-based undergraduate engineering educatios its
founding in 1870. It has stayed true to this cdnéogophy,
(which carries with it for students the challengeadcheavy
credit load), through the national trends to moagrawly
defined disciplinary programs and reduced

education research.
THE RIEE PROGRAM

A key to the development of the RIEE initiative wss

creditearly advocacy and promotion by the Dean of Engingeo

requirements for the bachelor's degree. The Steverdepartmental leadership and faculty, includingintsusion

engineering curriculum has a large core of enginger
courses in addition to those
engineering management and humanities/social sesenc

There are programs in eleven engineering dis@plin
offered by five departments.
oversight of the curriculum is through faculty coittees
responsible for each program, each of which isesgmted
by the program committee chair on the School
Engineering curriculum committee.

In spite of this conservative stance on the broaskd
nature of the engineering degree, the faculty hbeen
innovators in course and program design and delivieor
example, Stevens was on the leading edge of thenaht

in mathematics, seienc also

ofoperational

as part of strategic planning retreats and repditss has
included enhanced emphasis on educational
outreach activities in faculty activity reportingchassociated
recognition and rewards. These reflect the rebeant

and

Faculty ownership anctulture change previously highlighted which poimdsthe

significance of change leaders establishing theetbsalues
and from these the associated practices and behatidhe
level. Breaking out educational resear
explicitly in faculty activity reporting and themk
performance evaluation and reward was judged afisignt
step toward motivating behaviors and from thesddmg
norms in line with the desired culture change.

The RIEE initiative has involved a number of

move to incorporate more and earlier design inte thcomplementary elements. Preceding formal programjran

curriculum with the result that there is a desigrse in
each semester. It was also the first to requirergrdduates
to own a personal computer for use in coursewoeaching
has always been an important part of all regulaulfg

members’ activity.
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six-month planning effort was undertaken, involving
representatives of all the engineering departmémtt)ding
faculty and department heads, and leadership frbm t
School of Engineering and the CIESE. During thieetj a
self-assessment was undertaken to identify intetepical
areas for educational research initiatives, andenga
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funding opportunities.  An orientation and awarenes
building effort was initiated to acquaint leadepshand
interested faculty in educational research oppdiam
through funding agencies such as the National Seien
Foundation and the Fund for
Secondary Education and the expectations, requiresnand

« President of Olin College of Engineering: Elements
of engineering education for a flat world economy

WORKSHOPS

Improvement of Post-

Complementing the seminar series have been several

methodologies used in engineering education reSearcworkshops in which some of the Institute’s moseefive

Again this awareness building was directly refleetof the
research on culture change.

teachers, as well as outside guests, have ledaaties
discussions on implementing best teaching practices

Based on the level of interest and participation 0fCooperative learning modes, use of technology, and

faculty and several tangible outcomes of this prelary
effort, which included the submission of severaliation
research proposals and partnership in a major maltio
curriculum reform project sponsored by NSF, the RIE
program was expanded.

The scope of the RIEE activities has been suchithat
addition to a focus on improved engineering edocaith the
Institute’s undergraduate programs there has bemmeern
with issues of enhancing the pipeline of female attier
underrepresented groups in engineering. The pmugtave
also sought linkages with community colleges anth e
K-12 community. These latter constituencies hawehrto
offer in collaborative educational research and agedy
improvement.

SEMINAR SERIES

The first component of the RIEE program was esthblient
of a seminar series which sponsored seminars hjiniga
authorities in engineering education and also spmsalwho
could enlighten the faculty about research intorrieay,
particularly within STEM fields. This series wautehed
with a well-publicized and well-attended event featg an
internationally-known educational researcher arti@uwho
had recently published a book on excellence iregelllevel
teaching.

Seminars have been typically conducted as lunchtsye
with lunch provided, to facilitate participation blgusy
faculty members. Seminars have been well atterimed
faculty the School of Engineering as well as thdéseanm

science and from technology management programs who

were interested in improved teaching and
particularly at the undergraduate level. These ®véiave
included a mix of faculty, from young to veterapsearch
active and not.

Among the seminars held were:

e Senior Advisor,

National Science Foundation,

increasing interactivity have been three areaswghasis of
these workshops. For example, one of our own fiacul
members is a certified trainer of the American 8gciof
Civil Engineers EXCEED program for effective teaah[6].
This faculty member, an acknowledged effective heac
presented the workshop to a range of faculty aRRiEE-
sponsored event. As with the seminars featurirtgreal
speakers, a broad-based participation was achieved.

In another workshop, a junior faculty member with
experience in the use of technology in the classroo
presented a thought-provoking workshop on how
technology, such as interactive tutorials and waseb
resources, engage today’s students.

In addition, the distinguished author and educator
mentioned above returned to campus to provide &shop
to reinforce the techniques that he had first dised as the
inaugural seminar series speaker.

INTERNAL SEEDING OF EDUCATIONAL RESEARCH

An exciting and significantly enabling component RIEE
has been an internal catalyst grant program for N6TE
educational research and innovation. The ratiofiaiethis
program was not only to fund a variety of education
research proposals that would be piloted withinltistitute,
but also, by providing visibility and summer suppdor
faculty, to entice a greater number faculty to lmeedamiliar
with engineering education research literature—adefibr
their proposals—and methods. Funding for thisreffame
from an allocation from the State.

A series of technical assistance sessions to pethet

learningcatalyst grant program drew approximately 70 facult

members, representing approximately 60% of the razhu
and tenure-track faculty involved in educating eegring
students through engineering topics or science and
mathematics courses. Applicants represented baérareas
well as junior faculty. A letter of intent, signdaly the

Directorate of Engineering: Engineering educationfaculty member’s department head, was requiredgaveith

programs and proposal guidance

e ASEE National Teaching Award Recipient:
Inductive teaching

 Engineering Dean — Georgia Tech: Will ABET
EC2000 make engineering more female friendly?

a proposal that identified outcomes, potential iotpa
timeline, and deliverables. The grant solicitatitmliberately
emphasized programs that impacted engineering rsisidie
their first two-years of undergraduate education.

Thirty-one letters of intent were submitted, and a

«  Mechanical Engineering Department Head — Johngreliminary review was made by an internal panel to

Hopkins University: Curriculum redesign to
encourage diversity in engineering
e Director of Center for

encourage or discourage the submission of a fulp@sal.
Seventeerfull proposals were received and aivards were

the Advancement of made, with grants ranging from $17,000 for a single

Scholarship on Engineering Education of theinves_tigator to $40,000 for a muIti-dis_cipIinanam project.
National Academy of Engineering: CASEE mission Funding was used to purchase equipment, such asteem

and how to become involved
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interactivity in large lecture classes; to proviigport for

faculty and graduate student summer work devoted t&evision of Engineering Graphics to Support an &wngl

curriculum development; and for program dissemarati

One project of note was a collaborative effort lgam
from mathematics, physics and engineering. Theyettodk
the development of integrated modules that couldthieed
by professors in all three fields in their earlyeelasses to
assist in the teaching of the mathematics and seiémn the
context of their application in engineering. Indaing they
addressed a perennial challenge that can have myzatt
in engagement, learning and retention.

All proposals were required to provide assessmedt a
dissemination plans. The former have been suppdsted
funding for an external expert in educational assent who
provided advice to faculty during the proposal ingtphase
and following award of the successful projects.

Funded projects included:

TABLE |

Enhancing Student Understanding, Engagement antvafion in
Sophomore Fluid Mechanics through the Introductib@omputational
Fluid Dynamics Software Tools

Multimedia Learning Environments for Virtual Expential Engineering
and Incorporation into the Undergraduate Curriculum

Self-Directed Software Engineering Learning Modd@sEngineering
Education

Enhanced Integration of Mathematics and Physicstite Engineering
Curriculum

Revision of the Engineering Core Course E-243, &ty and Statistics
for Engineers

Assessment Performance Criteria-Based Monitorinfeaiching
Effectiveness

Revision of Engineering Graphics to Support an #wngl Core Design
Sequence

An Introductory-Level Course in Quantitative Biolofpr Engineers

Novel Analytical Chemistry Laboratory Experiments fmproving Skills
of Engineering and Chemical Biology Undergraduates

Total Design: Integrating Systems Engineering arflystems Perspecti
in Required Freshman Design Courses

0]

Active Learning Through Technology (ALERT!): ModeRtysics

A requirement of the catalyst grants and of theling

Core Design Sequence

This project was directed to a freshman engineegnaghics
course taken by all entering engineering studeWhile

there were a number of goals to the project, adkeywas to
investigate the proposition that student engagemeud be
increased by a change in the format, especialtheérsecond
half of the course, from a rigid syllabus of teachgraphics
elements with associated exercises, to one thatpwagsct-
based and allowed the students to use a contenypalogct
of interest to them as the foundation to a morédiedcted
exploration of the capabilities of the graphicstwafe tool
(SolidWorks), especially using more advanced fesuio
produce complex geometries.

The study was conducted with one faculty member in
three pilot sections out of a total of ten sectiteigng the
course, with the other seven taking the reguldabybk. The
course outcomes for all sections were kept the sdrhe
results, based on a survey of student engagemeamiyesl
that indeed the revised project-based second kdlftdé a
statistically meaningful improvement.

From a cultural perspective the real value of stisly
(which was subsequently published [8]) was that ttiree
faculty members teaching the non-pilot sections hadn
skeptical of the merits of the new approach as teye
concerned about “covering the material”. The rssaf the
study convinced them to adopt the project-basedoagh in
the following year and an interview conducted witlem
found them to be very happy with the results.

Active Learning Through Technology (ALERT!): Modern
Physics

A faculty member who had been teaching modern pbysi
for many years to engineering students was suppde
RIEE to explore active learning in a large lectsesction
format mediated by a wireless classroom responseersy
that utilized the students’ laptop computers injanction
with a tablet PC controlled by the faculty membefFhe

dissemination of educational products to severalthod
state’s community colleges. Several meetings iraglv
faculty awarded catalyst grants with faculty atghioring
community colleges have taken place, with the dhjeamf
sharing materials, methods, and lessons learned tand
increase opportunities for transfer and articutatieetween
the two-year colleges and the Institute.

published research at other institutions in a diffié context,
was that the response system would allow greater
participation by the students who tended to beipass the
large class and to allow the faculty member to @xpin real
time the students’ understanding of concepts (preepts)
that he was aware perennially caused difficulty.

The study compared results from two semesters d&efor

Similarly, several of the catalyst grants and RIEEUSING the technology with three semesters usinius it
collaborations have spawned other programs thate havevaluated 233 pre-project students and 298 prsjectents.

resulted in major K-12 initiatives. One such cobdeation

The conclusion was that the technology made itiplesso

has been developed into a three-year National Seien increase conceptual understanding while making allsm

Foundation award to promote engineering in middie lsigh
schools through the use of information technologyd a
LEGO [7].

RESULTS OF RIEE FUNDED PROJECTS
In order to illustrate the impact of the RIEE efforto

promote engineering education research, severgqtsoare
highlighted here.

Coimbra, Portugal

improvement in grades. The best students did sogmfly
better. Classroom participation was 100%. The most
beneficial outcome provided by the technology whees in-
class information about student misconceptions, imgak
possible to improve the teaching.

The study has raised additional questions concgrnin
the influence on attendance and the balance afirled¢ime
versus time spent interacting on concepts. Thelteebave
been shared internally through the RIEE semindesavith
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other faculty members teaching large classes amer ot
efforts have been spawned to use interactive tdobias to
aid active learning. The study has been publisBetD].

Enhancing Student Understanding, Engagement and
Motivation in Sophomore Fluid Mechanics Computadion
Fluid Dynamics Software Tools

A chemical engineering faculty member who is vecjive
in disciplinary research had attended the RIEE sansgeries
and this provided the stimulus for him to proposeRAEE
funded study to determine if the use of computation
experiences could improve learning by enabling esitsl to
confront and correct their misconceptions in a sopbre

The strategy that evolved was to acknowledge these

cultural differences and to use modules as thegiiat®n
points — with the modules providing engineeringligmges
that could be addressed in all three courseshitnway the
individual subjects could be taught in large partthe
manner that the faculty believed they should benfitheir
discipline’s culture in order to maintain theiregtity.

A number of modules were
implemented by the three faculty members. Themmeary
assessment suggested that these modules were
sufficiently engaging to the students for thesachieve the
desired impact. Further systematic study is pldnii®pics
for investigation that were identified from the lménary

fluid mechanics course taken by chemical engingerinstudy include a more detailed investigation of kkg topics

majors. The project had two major components; itts¢ Wwas

and concepts that are central to connecting théematics

to use a Fluid Mechanics Concept Inventory to umecov to engineering, including the use of concept ingges, and

student misconceptions. The concept inventory was
modification of one developed from engineering edion
research funded by the National Science Founddfidh

The second component was to use FlowLab software to

allow students to discover that incorrect model$ &md
replace them with correct ones.

The research demonstrated over 60% improvement iA tangible outcome of RIEE beyond the involvemeft

those in mathematics and physics that have sigmifie for
retention in an engineering education.

IMPACT ON EXTERNAL FUNDING OF EDUCATIONAL
RESEARCH

overall understanding of the tested concepts bys thifaculty in seminars and workshops as well as imiéyn

approach. The research also provided questiondufare
study, including the role of different teaching hwds to
address specific issues, correlation of conceptrnitory
performance to various learning metrics not evaidian the
first project and also research into improving ttwncept
inventory itself.

seeded educational research, especially from tier,ldas
been a significant expansion in proposal submissifon
external support of educational research and inimva
Regular faculty (outside of research center aatisjtfrom
the School of Engineering submitted 13 such cortipeti
proposals in the 2002-03 academic year (prior #@HE}land

This project represents a key aspect of the culturad 4 proposal funded that year. In the 2005-Glamic

change that is emerging, with a research activeiltiac

member who had not previously engaged in engingerinfunded,

education research now doing so, both as an actvit
intrinsic interest, building his study on publishessearch
findings, and also as a means to directly impitugecourse.

Enhanced Integration of Mathematics and Physice thie
Engineering Curriculum
This project was the most

year, there were 31 proposals submitted and 7 pedpo
representing increases of 140%
respectively.

developed and

not

and 75%

The proposals have included submissions to various

National Science Foundation programs that
engineering education research and innovation, sagh
Department-level Reform (DLR),
Laboratory Innovation (CCLI), Partners for Innoweatti(PFI),

challenging and mosiScience, Technology & Engineering (STEP), also ths.

fundamentally influenced by culture. The goal was t Department of Education’s FIPSE Program.
Areas of focus have included several proposals Gime

improve the integration of early mathematics, pbtgysi
(mechanics) and engineering (mechanics of solidsh shat

at improving the engagement and persistence of wosmnel

students recognized the connections and to enhangginorities in engineering as well as increasingpipeline of

engagement and learning in the mathematics andqshyg
enabling students to explore their relevance taremging.
The project partnered three faculty members tegcttiese
subjects to Freshmen and Sophomores. The prdpted
with the three faculty members together with thesdsate
Dean of Engineering (one of this paper’'s authoidping
meetings to discuss the challenges and the ednaatsearch
literature on past efforts to achieve integratiomany of
which had not been sustainable. Key to these dismus was
the recognition of the cultural differences betwete
disciplines and the faculty values and norms théiuénced
how they taught their subjects. The discussionsaled a
significant difference in terminology and notatidreing

these under-represented groups through partnensitip
community colleges. Others have included K-12 eath
contributions. Several proposals have been atdigcome
of the internal RIEE catalyst grant program.

IMPACT ON PROFESSIONAL ACTIVITIES
A further tangible outcome of RIEE has been a diama

increase in participation of faculty in engineerieducation
conferences and associated presentations and atidnhis.

Course-Curriculum-

support

For example at the 2006 ASEE Annual Conferenceether

were 13 faculty members attending and 14 papesepted.
This compares to typical numbers around 5 onlywayears

used, especially between mathematics and engimeeritprior. For a research-oriented School of Engingpnivith

courses and this was, therefore a source of patentigpproximately 60

problems with integration.

Coimbra, Portugal

regular faculty members, this

significant.
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Faculty engagement has been further facilitatedhby
Dean of Engineering’s commitment to support faculty
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Campus Representatives award in 2005 in large cheatto
increased enrollment of members. Having a majaritthe
faculty regularly receiving ASEE engineering ediarat
journals provides current awareness of issues gineering
education and knowledge of best practices and m&sea [1]
Such awareness was limited to very few faculty mensiin
the past. This is another example of a practioplémented

2
by change leadership, to influence behavior andcéen 2
culture change.
(3]
ELECTRONIC RESOURCES
A dedicated website was created for the RIEE iia [4]

(http://riee.stevens.edu). It provides a repogitof past
presentations, funding resources, links to edunatio[s]
organizations, pertinent education articles andanals. An
events calendar is included as well as articles lamds
describing best practices in engineering educatfaticles

and links to websites on national issues are irdyduch as (e
those of Women and Minorities in Engineering anteot
issues of the pipeline to engineering careers. Alsmessed [7]

are national policies and reports of bodies suchthes
National Academy of Engineering and CASEE.

An electronic listserv was established to provide
interested faculty with information and a pointaomihnection

on educational grant opportunities. (8]
CONCLUSIONS

(9]
The RIEE initiative, with its various complementary
elements, was introduced to affect a culture oluingin  [1q
engineering education among the faculty. This wast b
upon recognition of the role of extant culture dmamge
processes and the strategies were tailored to th&t

understanding. The goals were to engage facukexjatoring
research-based instructional strategies; to engeufaculty
to examine their own instructional practice and pada
appropriate strategies for their own classroomd; tarbuild
capacity for engagement in methodologically-sound
engineering education research. The results shiowtly in
the number of faculty engaged in education resedrath as
adaptors of effective practice, and as creatorsnefv
knowledge, as measured by participation in semiarc
events sponsored under the initiative; number giepa
presented at engineering education conferencefiatidhs
with engineering education organizations and collators;
and number of education research proposals suldirattel
awarded. Impact has been noted both among vefacatty
as well as new faculty.

Coimbra, Portugal
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