A Systems Approach for Civil and Environmental Engineering Education:
Integrating Systems Thinking, Inquiry- Based Learning and Catamount'
Community Service-Learning Projects

C PROJECT DESCRIPTION

C.1. RESULTS FROM PRIOR NSF SUPPORT (Related to Engineering
Education) “Developing a Research-Based Undergraduate Experience Focused on “Systems
Thinking, Information Technology and Laboratory Applications” NSF-02-091 (9/02 — 8/04)
henceforth called the Planning Grant

We found that much of our efforts during the Plaming Grant certeredon erharcing student and
facuty diversty and experiencesby; a) incorporating a better sense of community and teamwork within
the departmert and beyond, and b) integrating social and environmertal agpects into problem solving (e.g.
asystemsapproach). Because such changesare diffi cult to assess, we also spert considerable effort
developing a planto evaluate changesmace to the programs During the Plaming Grant we: 1) conducted
aninitial alumni focus group gearedtoward better understanding the needs of our graduatesin todayOs
current workforce; 2) performeda comprehensive review of institutional data, alumni survey data,
graduating senior survey data; 3) developed (with the assistance of aneducation facuty member), ard
implemerted a survey to first-yearstudents that will continue to be utilized 4) performedin-depth
literaure seacheson ergineaing educaton programsand reforms, including NSF sponsored engineering
educafon caalitions; 5) attended and hosted engineaing educaton workshops and conferences including
SUCCEED ard other NSF sponsoredinitiatives 6) developedcurricular and course reform asareault of
the various assessmert data and research conducted and 7) implemertedinitial course and curricular
reform. Asareallt of thes actvities we firmly believe that adopting a systemsapproachto problem
solving is necesary in order to better address complex engineering problems By developing a better
sense of community for students and faculty we cancreate an engineerng culture thatis more inclusive
and supportive of all typesof people, egpecially womenand other underrepreserted groups. Since
finishing the Plaming Grant we have institutedthe new first-yearintroductory class and colleciedand
aralyzedsome preliminary student data.
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C.2 INTRODUCTION AND GOALS

At this critical juncture in our tectnological evolution, with the rapd depetion of the worldOs
resourcesand anexploding world population, it is vital that we teach our current and future engineersa
systemsapproach to engineering problem solving including concepts of sustainahlity. It is essertial for
the welfare and long-term viahility of our planet that short and
long-termsocial, ervironmertal and ecaiomic impacts be
consideredand integratedinto engineeing solutions. Qur goal is
to implement an educational framework that shifts from
addressing problems in isolation to one that adopts a systems
approach, cutting across traditional disciplinary lines and
fostering an integrated approach not only to problem solving, but
problem definition as well.

Figure 1 shows avisual represertation of our proposed
reform (a caamount paw) that will be used asa key throughout
this proposal. The framework for our reformis a systemsapproach
for engineaing education, one that includeservironmental, social,
political, regulatory and ecanomic issuesaswell asincorporates Figure 1: Catamount paw
systemsthinking atall levels of the program Systemsthinking or a outlining our reform.
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! Catamount is the name given to the mountain lions that once roamed Vermont. It is the University® mascot.



systemsapproach, accading to Serge (1994), is aframework for seeing and working with wholes for
focusing on interreltionships and repeatd everts rather thanthings. Systemsthinking consists of a set of
gereralprinciples specific tools, and techniquesthat have beendeveloped with the aim of discovering the
OcastructsOunderlying complex problems. Systemsthinking is someting that everyone, not just
engineers should do. We believe it is the only way for humars to start developing sustainahle solutionsto
world problems

At the core of the reform (the main pad) is the concept of community, exemplifiedby our
Catamount Community component. The ideais that eachincoming class will adopt a small town in
Vermont interegedin working with civil and ervironmertal engineering studerts on realworld
engineering project. Throughout their terure at UVM ard in numeraus engineeing courses students will
work on service-leaning projects with their town. By servicelearning we meanservicelearring as
outlinedby Furco (1996) ard followed by others that emphaszesthe equal focus on both the service
being providedand the learring thatis occuring. The principlesset forth by Howard (1993), provide an
excellent guide for ersuring successful servicelearning projects and will be followedin our projects.
Developing a sense of community will also occur atthe departmertal level, expanding to these across-the-
curriculum service-learring activitieswith Catamount Communities thus providing studerts with
multiple, first-hand opportunitiesfor studying and solving realworld, complex problems. A strong serse
of community for our studerts and faculty will creak a supportive, exciting environmert for learring, and
fosterthe developmert of crucial technical and non-technical skills. Estallishing student communitieshas
beendemonstrated asa way to increase retertion in undergraduate engineering programs (Ohland ard
Callins 2002). Working with Catamount Communitiesin a service-learning formatwill allow studerts a
mechanism for constructing and personalizing a true systemsapproachto problemsolving. We believe
thatintegrating social and ervironmertal componentsinto our curricula will be a mears for increasng
social, racial, gerder ard intellectual diverdty within our programs and thus serve asa model for other
engineering programs.

The most essertial tools and skills that engineersneedto solve todayOsomplex problems are
shown asthe remaining pads of the paw (Figure 1) and include systemsanalysis, I T applicaions, inquiry-
basedlearring (IBL) ard personal/interpersonal (P/) skills also called OsftOskills. Systems analysis is a
branch of systemsthinking that deak with decision making and optimizing social and technological
systems It includesavariety of complex numerical and modeling techiquesfor application to complex,
multi-dimersional problems Information Technology (IT) is anessential tool thatisimportart for
ergineersard includedin our reform. Duein large part to the continuous advarcesin I T, todayOs
engineersmust also be abe to keepup with the dramatic explosion in sciertifi c knowledge. From
microscopic sensors to satellites technology hasincreasedthe spectrum (well beyond the visual) from
which humars gather data, observe patterns, proces and amalyzeinformation. Inquiry-based learning
(also caledresarch-basdleaning) focuseson open-ended problem solving. It canbe definedasa
multifacetdactvity thatinvolvesmaking observations; posing quedions; examining the literaure;
plaming invegigations; reviewing whatis alread/ known in light of experimertal evidence;using toolsto
gather, aralyze, and interpret data; proposing answers, explamations, and predctions; and communicating
the reallts. Inquiry requiresidentificaion of assumptions, use of critical and logical thinking, and
consideraion of alternative explarations (NRC 1996). Personal/Interpersonal (P/I) skills, also called
“soft” skills, include teamwork, communicafon, leadership and other personal/interpersonal skills neeced
by engineers egecially in deaing with large, complex project. These skills arealso crucial for
succesively adopting a systemsapproach to problem solving.

Instituting this type of curricular reform reaults in educational quegions relatedto learning and
the construction of knowledge. Thus, our proposal also includesimportart educational research
components and a strong evaluation and assessmert piecethat will be interwoventhroughout our reform
process. We also propose to reform by repackagng and reformulating our existing coursework to provide
amoreintegated, connectedand meaningful experience for our studerts. We will institute further change
by changing the way we teach. Thus we aretaking a systemsapproachto the reform itself by considering



not just what weteach but how weteechit, where and evenwhenwe will teach. The specifi ¢ goals ard
objectvesfor the proposedreform and the metods and approachesused areoutlinedin Table 1.

The State of Vemont, the Universty of Vemont (UVM) and the Departmert of Civil and
Environmental Engineerng at UVM have along history of ervironmertal focus. This hasbeen
emrphaszedby our current Presdent Dr. Daniel Fogel (2002-presert) in a mission ard vision for the
Universty thatincludeservironmertal, tecological and computational componens ascornergonesto
UVM. Giventhis, our planwith its key ervironmental and social considerations, advanced computational
components, and community-basdacivities compliments the strengths and mission of the University as
well asthat of our own departmert. (Plea seesupport lettersfrom Preddential, Deanand Chair.)

Table 1. Goals and objectives of the proposed reform and method for implementation

Project Goals and Objectives | Summary of M ethodology

Goal 1: Teach students a systems approach for engineering problem definition and solution that
creates a socially and environmentally conscious student body

Objective 1: Enharce studernt awareness of the * New systems courses, system approach

role ard regonsihility of engineersin solving activities, better integrated curricula

social and ervironmertal global issues * Practice what we preach by taking a systems
Objective 2: Enharnce student awareness and approach to education

underdanding of sustainahility issues e Catamount Community projects incorporated
Objective 3: Require that studertsincorporate into multiple courses, service learning projects,
social, environmental, ecanomic, sustainahility and other real world activities throughout
agectsinto dedgn projects program (early and often)

* Interweave ethics through curricula

Objective 4: Enhancefaculty knowledge of ard e Facudty training and workshops. We will train

ways to incorporate a systemsapproach eachother, bring in visiting experts, aterd
sustainahility, and service learning into their workshops on and off campus. (UVM has
courses considerable expertise in service learnng)

Goal 2: Increase social, racial, gender, and intellectual diversity in our programs and present data
to show that this model works

Objective 1. Increa® recrdtmert and retertion e Coordinate with professionals at UVM in this
activitiesspecificaly targeting diverse groups area, as well as marketing company

(eg. women minorities socioecahomic * Target underrepresented groups in information
diverdty, alternative lifegyleg and marketing pertaining to reformed programs

e Introductory course and better first-year
advising and mentoring

Objective 2: Develop astronger sense of * Introductory course in first year

community within the civil and ervironmertal * Catamount Communities

engineering programs ard with otherdisciplines | ®* Focus on teamwork

* Team up with other college faculty for capstone
and senior project courses

Objective 3: Create more integrated programs * Integrated courses
and a better advising system and alumni network | * Incorporate themes into programs
system. * Closer contact with first year students through

Intro course and advising

Goal 3: Educate engineers that understand the interconnectedness of everything in our complex
world, thus creating a more knowledgeable and effective workforce




Objective 1: Studerts learn to use systems * Integration of systems into program and

erngineerig, systemsanalysis and inquiry-based reformulating courses

learring approachesin problem solving * Integration of programmatic themes

Objective 2: Studerts are exposedto advarncesin | * Better facuty training in these areasso that we
experimenrtal and computational technologies canbetter incorporate into courses

Objective 3: Studerts use I T skillfully * Betterorganizedand more formalizedapproach
Objective 4: Studerts develop communicaton, tointegation

teanwork, and leacdership skills

Objective 5: Studerts gain realworld experience | * Catamount Comm. service-learnng projects

Goal 4: Incorporate lasting and sustainable reform within our programs that can be a model for
other engineering (and science) programs at UVM as well as nationwide

Objective 1: Better facuty training of needed * Atterding and hosting workshops
skills, including networking and developing ties | * Facuty working with Dr. Downer on
with community leaders Catmount Communities
Objective 2: Broaddissemination of our *  Working with a marketing compary for
approaches reallts, education and assessmert promating our programaswell asprofessionals
piece and conclusionsto calleagiesand inthisareaat UVM
administrators at UV M, otherinstitutions, the * Atterding meeings, networking with colleagies
public, congress and other interesed pegple atotherinstitutions

* Preenting realltsin papers on welsites in

newspapersand other meda

C3 BACKGROUND

C.3.1 Systems - A systemisdefinedasa set of interrelated components that perform several functions
in orderto achieve acommon goal. It is anentity that maintains its existence and functions asa whole
through the interacton of its parts. Systemshave several basc charecteristics. First, for a systemto
function properly, all of its components must be present and arrangedin a specific way. Giventhis,
systemshave propertiesabove ard beyond the propertiesof the parts from which they are mace (these are
known asemergert properties. In addition, whenone changesone elemert in a system, there arealways
side-effects. Secand, systemsterd to have specifi ¢ purposeswithin the larger systemin which they are
emlkedded, and this specific purpose is what givesa systemthe integrity that holds it together. Third,
systemshave feedbackthat allows for the trarsmission and return of informaftion. This notion of feedoack
is crucial to systems operation and to systemsthinking (Anderson and Johnson, 1997).

As pointed out by OGonnor and Mcdermott (1997), systemsthinking looks at the whole, the
parts, and the connections betweenthe parts, studying the wholein orderto underg¢and the parts. It isthe
opposite of reductionism. It represerts abroad-based, systematc approachto complex problems. In its
elemertary form, systemsthinking stressesthe needfor the enginee to consider all factors, influences
and componerts of the system,including the ervironment and society that surround a particular problem
asrelevart to underganding and solving a problem It calls for thinking of the Olig picture® balancing
short-termand long-tem perspectives recaynizing the dynamic, complex and interdeperdent nature of
systems and taking into accaunt measurable and nonmeasirab e data (Anderson and Johnson, 1997).
Capra (1996) notesthat for solving todayOsomplex problems Ofran a systemic point of view, the only
viale solutions arethose that are sustainatle OSustainakility is the ideathat a society satisfi esits needs
and airations without diminishing the prospects of future gererations. Thus, true systemsthinking leads
to thinking sustainahbly.

Incorporating systemsthinking into civil and ervironmental engineering curricula is quite natural,
sinceall problemswithin that discipline have social, human ervironmertal, regulatory, political ard
ecaomic components aswell astechnical and ergineaing issues Frark (2002) preserts anexcelert
model that canaid in increadgng engineering systemsthinking within engineering curricula. He
developeda threedimersional model to de<cribe the process of desggning a curriculum intendedto



develop the capactty for engineaing systemsthinking. The threedimersions (3-D) of the model are 1)
knowledge; 2) engineaing skills; and 3) interpersonal as well aspersonal qualifications (behavioral
competercies. Frark also suggeds alearring environmert that combinessimulations, cas studies
aralysis of real systems team exercises and projecis desgnedto develop and produceinterdisciplinary
systemsthrough teamwork.

C.3.2 Community and Service-Learning Activities at Other Institutions - Projects that Matter
(Tsang, 2000) is abook that preserts examdesard ideasof service-learnng in engineeaing. Several
engineering programs have introducedservice-learring desgn projects (eg. Univerdty of Michigan,
Mecharical Engineering, Universty of Utah Civil and Environmertal Engineering, EPICS program at
Pudue) (Tsang (2000), Schultz etal. 2000; Zitomerand Johnson 2003). The objecivesof thes programs
areto encourage higher-level critical thinking with open-ended problems, alterthe stagnant lecture-
homework formattypicaly found in undergraduate engineering courses and introduce realworld datasets
and updated technol ogy into the classroom. Senice-learning projects require both a community (or
community group) needand alearring need The four main components (University of Maryland) and
outlinein their PARE model; (1) Preparaton which includeschoosing a partner, determining the scope of
the projectand learring outcomes (2) Action whichincludesdoing the project, (3) Reflecion which
mears relating the service projectto the learning, and (4) Evaluation looking back on the experience and
how it worked Both NSFand ABET believe that undergraduate engineering programsmust provide a
curriculum that teadhesgraduatesto undergand the impactof solutionsin a global and societal context
(NSF1996; ABET 2003). Accarding to Tsarg (Tsang 2000) Ocaipling service-learring with desgn-
acress-the-curriculum thus offers aninnovative pedagogy to achieve the dedrabe studert outcomes
describedby ABETQ These activitiesalso support a systemsapproachto ergineering education.

C.3.3 Engineering Methods, Tools, and Skills

Systems Analysis - The birth of the field of modern systemsthinking canbe largely attributedto seriesof
conferercesorgani zedthrough the Josiah Macy Foundation, which took placebetween1942 and 1951.

In these conferernces several innovative thinkersin biology, computer science, anthropology, engineering
and philosophy pushed backthe boundaries of systemsthinking, and the field started developing in
different directions. One direction wasgeneral systems theory, which came from the work of biologist
Ludwig von Bertalarffy, and is based on the notion that complex systemsshare several principles that can
be uncoveredand modeled mathematcally. Another directon wasthe field of Systems Analysis, whichis
similar but deak more with decision-making to control and optimize social and technological systems
SystemsAnalysis usesvarious computational and mathematcal methods for modeling, visualizing and
invedigating systemsand will be one of the skills thatthis reform will incorporate into the programs
Information Technology - Recen advancementsin IT, in part, have ledto dramatic changesin the
profession of civil and ervironmental engineerng. The dream of smartstructures intelligent
transportation systems and self-monitoring remedation systemsis begnning to materialize tharks to the
recer advancemertsin communicatons, electronics and computer technology. Advancemertsin
computer hardware, software, mathematical modeling and systemsanalysis are also allowing engineersto
tacKe problemsthat no one would have imagneda decade or two ago. Giventhis, it is esertial that
current ard future civil and environmertal engineersbe well-versedin IT and computational applications.
Also, effective use of I T during classtime, increagsthe depth and breadh of topicsthat canbe covered
in anundergraduate engineering course (Smith and Komerath 2000).

Inquiry-Based Learning - Giventhe dramaic explosion in data and informaton education specialists are
promating critical thinking and knowledge discovery skills ascore agect of undergraduate educaion.
One of the beg mears of helping studernts develop those skills is through research-based or inquiry-based
educafon. As Huber (2000) points out, learning through research, anidearootedin the classical concept
of auniversity asconceivedat the beginning of the 19" certury, should be regardedasanindispersable
elemert of auniversty education. Two recert reports (Boyer Commission on Educating Undergraduates
in the Resarch Univerdty, 1998; Certer for Science, Mathematics, and Engineeing Educaton, 1999)
stressedthe importance of reeach-basedand inquiry-basdapproachesto teacling and learning in the
early undergraduate years The NSF/5C5E Harndbook: Doing Science Resach in the Clasroom outlines



methodol ogiesfor implementing reseach activitiesin the clasroom. Inquiry-basedleaningisalso a
mgor focus of the NRCOstardards for sciertific leaning (NRC 1996; Olson ard Loucks-Horsley 2000).
Learning through inquiry and reseach, however, is anew experience for most students. Teaclhing in this
mamer is also new for most facuty members Therefore, it requiresasignificart change in attitude and
behavior on the part of both groups (Olson and Loucks-Horsley 2000, Brarsford et al. 1999).
Personal/Interpersonal Skills - Education in personal/interpersonal skills includesnot only training in
writing and public speaking, it also meansimproving social and interpersonal skills such asleadersip,
the ahility to work with othersin teams(Bredow 1998), and metacaynitive skills (NRC 2000).
Metacagnition is the ahility to gauge oneOswn learring and underganding, and often takesthe form of
anintermal dialogue. Metacaggnitive instruction should be integatedinto curricula (NRC 2000).
Teamwork, like metacagnition, is also a skill that needs to be taught but is more oftenleft up to the
studerts to figure out for themslves Many facuty membersasume that by assigning group projects the
studerts will actually work in teams. Thisis oftennot the case. Bredow (1998) stressesthe needfor
training students and facuty in teamwork skills. In undergraduate engineeing educaton, it hasbeen
shown that emgdoying ateaching style that emphaszesskills such asteanwork and communication
increagsstudert retertion and mativation (Gordon, Schrage etal. 1996; Parter and Fuller 1997).
C.3.4 Civil and Environmental Engineering at UVM - The Departmert of Civil and Environmertal
Engineerng at UVM is asmal departmert with currertly 10 facuty members We offer two
undergraduate degrees aB.S.in Civil Engineering, and a B.S. in Environmertal Engineering. Our
programsare mack up of about 120 undergraduate studerts and about 20 graduate studerts. For the pag
severalyearswe have maintained 25% womenin our undergraduate programswith anaverage of 27.4%.
Our graduate program hasbeengreatr than 50% womenfor the pag 7 yeas. Excep for a small private
military college, UVM offersthe only BS Civil and Environmertal engineering programsin Vermmont. It
hasthe only enginearing Ph.D. programsin the state. This makesour programsa valuah e resource.
While small, we maintain considerabe rigor and have beenalle to make changeswithin our
curriculato meetchanging times Thesinclude: 1) NSF Plaming Grart (2002-2004); 2) reintroducing a
modifi edfirst year course (directoutcome of freshmenengineering workshop hostedby UV M, put on by
M. Ohland of SUCCEED coalition and related articles(e.g. Hoit and Ohland 1998); 3) creating a new
B.S.in Environmertal Engineeing;4) modifying and upgradng laboratory activitiesand equipmert (e.g.
geamaitcs hydradics, soil mecharics hydrology, groundwater); and 5) providing research opportunities
for undergraduatesthrough the Barrett Foundation Grant, faculty research grants and University grarts.

C4 METHODOLOGY AND APPROACH

Creating a systemsapproach framework by incorporating social and ervironmertal componerts
will very likely increa® our succes in retaining a more diverse student body. Likewise, developing
projects and linkageswith Catamount Communitieswill likely increag our succes in recruting and
retaining a more diverse group of studerts. Giventhe complexity ard interrelated nature of the goals and
objectvespresned earier we have presented our methods and approachesto meet our goals by
following Figure 1. Partions of theicon aredarkenedto show the reader the part of Figure 1 we are
discussing, and the linkagesto goals ard objectives These have also beenhighlightedin Tale 1.

curriculais our fundamertal goal. We believe that engineersmust underg¢and the

interreltionship betweenengineeed solutions and the environmertal, social, and economic

components in which they are placed Furthermore, engineersmust consider these non-
techical componerts during the problem definition stage, within the desgn proces, and thenin the final
solution. We wart to challenge engineersto think criticaly about their role and regonsibility in
techhological and engineaing applicatons, ard to incorporate not only a professional ethic, but a social
and ervironmental ethic aswell. The crux of this matter, however, is how to teachthis to studerts. The
first stepis, and will continue to be, for the facuty to take a systemsapproachin our educatonal
programs in our rolesaseducators, and evenin our daily lives Thiswill involve education and continual

® C.4.1 The Framework: A Systems Approach - Incorporating systemsthinking within the



learring in this area aswell aspractice. The whole Planning proces in combination with writing and

rewriting this proposal hasbeena part of our systemstraining. We now recognizethat everything in our

programs including the people and infradructure, isinterrelated

First, systemsthinking will be integratedthroughout the four yearsin mary clasesand in
multiple verues The beg way for studentsto construct new knowledge is through personal, eye-opening
experiences Thus the focus of our newly instatedfirst-yearIntroduction to Civil and Environmental
Engineerng course is systemsthinking. During the Planning Grart, we expendeda significart effort in
developing this course. We wrote a course bookl et that includesinformaion and background on the
various acfvitiesfor this course. This is a hands-on course that focuses on a systems approach to
engineering problem solving and is geared for the first-year engineering students. It was a direct
outcome of our Planning Grant. |If awarded, we would incorporate a Catamount community activity and
visit for this course (the graduating class of 2009). We will also institute junior/serior mertors to help
with this class (See support letter from Student chapters). Short hands-on projects in transportation,
geatechmical, and ervironmertal engineering will be relatedto the community and gearedtowardfirst
yearstudents. These projects will be dedgnedto help studerts develop systemsthinking skills.

Secad, we propose to reformulate threeexisting courses Transportation engineering,
Introduction to Environmertal Engineering, and Engineering Economicsand Analysis into a seriesof
threesystemsclasses(Systemsl, 11, ard I11) . These courseswill use ecological systems and engineeied
ernvironmertal and transportation systemsasthe major examgdes The serieswill startin the second
semeser of the sophomare year ard run consecttively for threesemegers Through this verue we will be
ableto introduce conceptually and quartitatively systemsthinking and systemsanalysis. Thes courses
will be developedand co-taught by Hayden, Sacek and Rizzo, and although we are aware of some of the
pitfallsin thisintegrated approach we beliewve it is the beg way to realy teach and practice systems
thinking.

Third, we propose to reformulate Fluid Mechanicsand Sdl Mecharicsinto two consecutive
courses(Fluid and Sdl Mecharics|, and Fluid and Sal Mechanicsll) . Thiswill allow greaer depth,
breadh and continuity of badc continuum mechanicsideas ard allows more of a systemsapproach to
underganding soil/water systems. A course in Materials will also be revisedto include environmertal and
nanomaterials, systemsand inquiry-based approaches

The Catamaunt Community approachis certral to incorporating a systemsapproach to
engineering problemsolving and will help us meet several of our specffic objecivesunder Goal 1. This
ideawill be discussedin the next section. We will also creat other opportunitieswithin the curriculum
including the following.

1) Integrating systemsthinking conceps through existing required coursesfor all yearsof our program
(acress-the-curriculum) primarily through a variety of activitiesranging from homework problemsto
senvicelearning projects that utilize the systemsapproach to problem solving.

2) Integating conceps of Sustainakility and Ecology into the Curricula. Ecological systemsprovide
someof the bed examplesof showing whata systemis. Also, to realy address sustainahility issues
studerts must have abadc underdanding of the earth and its ecasystems Materials cycling, energy
flows, feedbackloops, nonlinearprocesesareimportant featuresof ecasystems aswell asall
systems Capra (1996) notesthat systemsthinking is prereqiisite to addressing sustainahility issues

3) Interweaning ethicsdiscussions, conceps ard case studiesinto the programs. Again, starting in the
first semeser and continuing throughout. Sccial regponsibility, sustainakility and ervironmental
consideraions all require importart ethical consideraions, thus ethicsis also integral to systems
thinking.

4) Senor Seminar Courseis required of all seniors and will be movedto the fall semeger of senor year
to facilitate discussions in systems critical thinking, ethicsand sustainakility prior to the final
capstone desgn experience.

5) Workshops, seminars and training programswill be developedand institutedfor engagng and
ernharcing faculty member awareress of this comprehensive approachin order to institute changesto




tradtional civil coursessuch asMaterials and Structures. Informaton and ideasfor such integation is
available (e.g. Bromanetal. 2002).
C.4.2 The Core: Catamount Communities - The certral pieceof our educational reform
arnd one in which numeraus ideasand erhancemerts are embeddedis what we call
Catamount communities As defined earier, eachincoming class will adopt asmall town in
Vermont and throughout their terure at UVM and in numeraus engineering courses(starting
in their first yea), studerts will work on projects with their town. Thisintroducesan engagng service-
learring componert very different from OvrtualOcity projects of other programs, but more integrated and
marageal e than whatis often done atlarger schools with their service-learning courses

Many smal communitiesin Vemmont and elsewhere are dealing with diffi cult social,
ernvironmertal and tecmical infragructure problems. Oftenthese communitieslackthe techmical expertise
and reourcesto eveninvedigate their problems The Catamaunt communitiesprogram canprovide areal
senviceto these communitieswhile providing studernts with an opportunity for real-world problem-
solving and desgn experience. Coursework, tours, and design project will be based on realcommunity
issues providing alink betweenengineering educaton and local projects (Tabe 2). Deperding on the
town ard their needs, some of the possible projecss listedin Talde 1 will be implemerted We articipate
that studertswill beinvolvedin atlead six differernt adivitiesand course projects throughout their four
yearswith atleags one acivity in each year.

Table 2. Potential Catamount Community activities for each year in the program.

0

Year | Catamount Community Activity

1% Introduce Catamount Community and town manager in newly developed Civil and
Environmental Engineerng course, labs from the course (e.g. transportation, hydrology, and
soils) will berelatedto town concerns; the AutoCAD coursein the first yearcaninclude
homework problemsrelatedto the town

2" GISlabsin Geomatcscourse will be relatedto town. System| course will use examgdesand
mini servicelearnng project from the Catamount Community

3™ Dedgn and resaich projectsin Systemsll and Il , Water and Wagewater, Fluid and Sal
Mecharics.

4" Various Engineering Electves(eg. Hydrology, Wage Management, Traffic Desgn, Foundation

Dedgn); Capstone Design Course - Larger project with Catamount Community

Our Catamaunt Community planinvolveshiring a coordinator; anemeritus professor (Dr.
Downer Dseeletter) from our departmert still acively involvedin FEMA and town assistance projects.
He will assist us by organizing and developing potertial course projects, work with town leacersto obtain
the necesary information requiredfor projects, and assist studertsin thefield. Dr. Downer will also train
the facuty and help us in networking so that we can maintain this programbeyond NSF funding.
Consultart liaisons (local dlumni committedto UVM) will assist atvarious levels (e.g. reviewing studert
preliminary dedgns, assisting studernts ard facuty, aswell asinteracting with Dr. Downer). It should be
notedthat student desgns and projects will be usedto assist town leadersin decision making.

The Univerdty of Vemont Community-Univerdty Partnership and Service-Learring (CUPS)
program (seeletter) will also be usedasavaluable resource. Dr. Haydenrecerily wasawardeda Senice-
Learning Fellowship that providedintensive weeklong training and follow up on Service Leaning.
CUPS canalso assist in service-learring networking and assistance. Through their office, Dr. Haydenhas
alread/ beenin contactwith David White from the Burlington Plaming Dept. regardng civil engineering
projects. Burlington (acity of about 40,000) could potentially be our first Catamount Community.

The Catamaunt Community ideanot only tiesdirecty with the systemsapproachgoal, but will
make arealdifferencein recriiting and retaining a diverse group of studernts. By broady disseminating
real successesthrough various meda outlets, including news articlesand the web, we hopeto attract
studerts who wart to implemert social and ervironmertal change who might not have thought of
engineaing asa career choice.




Developing a Sense of Community - Creaing a supportive atmospherefor studerts, eecially
underrepesentedstudens, is critical for recruiting and retaining a more diverse, creafve workforce, and
thisliesatthe very heartof our curricular reform. Drexel's E4 program, which regructuredtheir
engineering curriculum to include more laboratory projects, tean-orientated exercises ard facuty-
studert interacton, increased studert retertion by 15% over the existing program (Quinn 1993). Creaing
a supportive community thatencouragesdiverdty and helps eachstudent to achieve their true potertial
both in techical skills and non-techical agpectsis one of our primary objectves Two specific examples
of how we propose to do this aregiven Numerous other activitiesrelatedto this are alread/ integated
into other sectons of the proposal.

1. Increasng Diversty - By instituting the outlined changes we hope to provide a more attractve
educafonal experierce for womenand other underrepresented groups, which will help in retertion. We
have alread; started working with our Callege reauitmert specialist (Josie Herrera - seeletter). We will
getthe message out about our new programreforms, and actvely promote our new program by
capmtilizing on existing K-12 programsin the college, as well asoutreachto schoolsin Vemrmont and the
regon. Existing K-12 activitiesin the Callege include: National Engineering Week, K-12 Sclool Tours
of ergineering at UVM, Girl Scauts BGizmo Girls (http://www.emba.uvm.edu/gizmagirls/), Dedgn
TASCDBTechnology and Science Connection (TASC) Competition www.embauvm.edu/tasc, SUMMER
DISCOVERY DEngineering Robotics Rescue Veticle Course, TEAMS Competition and mary more.
We will also work with alocal training and marketing compary (caled MSI) to develop custom
recritmert and retertion multimeda materials including live videoto help promote the exciting Oeall
worldOexperierce that a student will gain while advancing through this program. MSI will also perform
mary Public Relation functions that will help promote the programs (e g. averuesfor local and national
meda attertion, tradtional press releagsaswell asadvancedmultimeda based matrials.)

2. Active-L earring Classroom -We propose to modify our main teaching classroom to help us better
integate the teaching components of lectures awide-range of | T/computer related acfvities project
orientedinstruction, and effective community-building. Appropriate classroom dedgn is esertial to
provide a highly collaborative, hands-on, computer-rich, interactve learring ervironmert (Beichner etal.
2000). The spacemust provide for a diverse spectrum of instructional activitiesand stylesard be

suffi ciently flexible to incorporate future upgradesand innovations in teaching methodologies We feel
that OsudioOclassrooms, asimplemerted at RPI (Jackson 2002), NCSU (Beichner et al. 2000) and
Clemsn (Moss and Melsheimer 1999), arethe most appropriate models. We propose to instrumert the
classroom with laptop computers one for every two students arrarged asworkstations, so that groups of
two to four students canwork independently on team projects. Laptops werechosenfor severalrea®ns
(seeBeichner et al. 2000). They state that Ohptop computerson the studertsCtablesarean absolute
recquiremert.O

learning), and P/I skills throughout the curricula - A continuum of techical concefts,

techiques skills and methodology will be emphaszedthroughout the coursesin the

undergraduate curriculum. We call these our programmatic themesand include systems
aralysis, IT aplications, and inquiry-basedlearring (IBL). These are the necesary techmical tools that
will be importart to creat a knowledgealie and effective engineering workforce capahbl e of solving
complex engineering problems. In our reformed programs, students will acauire this core set of thinking
and analysis skillsthatthey will consistently apply to solve increasngly diffi cult engineaing problems
within their courses culminating with asenior capstone project By introducing a core setof skillsin the
1% yea and developing these further in succesive coursesand years students will be empowered with
the tools necesary to critically analyze complex problemsaswell asunderdand the intercannectedness of
their coursework.

In addition, we will integrate training in and application of personal and interpersonal skills. The

ideaof educating studentsin personal/interpersonal (P/) skills is one whose time hascome. The mesage
from ABET, NSFand other quartersis the needfor engineersto develop skills beyond the tradtional

@ C.4.3 Integrating programmatic themes (Systems Analysis Tools, I'T, Inquiry-based



techical/problemsolving verue. Teamwork, writing, public speaking, ethics, leadership, and decision-
making are just a few of the importart P/l skills thatareneeded by enginee's now ard in the future. These
skills camot be taught in one course, but needto be threaded throughout the undergraduate experience
both in the classroom and in outside activities One of the challengesis thatthe facuty is often not
knowledgealie erough in these areasto teachthem. One agect of our approachwill be to train ourselves
and other facuty through attendance at various workshops, and developing workshops on campus
through UVMO<Certer for Teacting ard Leaning.

The integration of programmatic themesand P/ skillswill occur along four main dimersions: 1)
workshops for facuty training; 2) course contert reform; 3) laboratory reform; and 4) undergraduate
resarch experiences

1) Workshops for Faculty Training - As afirst steptoward integrating the programmatic themes(Figure
2) into our curriculum, the principal invegigators will develop and conduct workshops aimedat training
facuty memkhers One

exam[je inClUdesa Systems IT Inquiry-based P/I

X R & Analysis Learning Ethics
systemsthinking
workshop to introducethe
SyStemSthl nki ng Capstone * * * * 4" year —

i Real World
methodology, its focus PNp——— * * ki
and tools, aswell as _
provide examplesfor how | 5% Eetves * * * * | y 4

. . y |
this methodology might
beintroducedinto our Fluid/Soil Mechanics || * * * *
classes Anotherwill be Water/Wastewater * * % % 3" year —
: Apply Skill:
an!|T workshop Fhat will Materidls N N N N 0
presert anoverview of Sytemstl and 1 . . . .

MATLAB, and examdes
on how it canbe usedto
support the way we teech
mary if not all of our Geomatics
clases The workshops Systems|
will allow eader
integration of the
programmaic themesinto
amajority of the classes
although theintensity and
depth of thes activities
will vary with the class. Other
workshops on teanmwork, leacership
will be attended or hosted by various
facuty memkbersand sharedto the departmert through presentations and mini-workshops. In addition, we
will team up with UVMO<Certer for Teacling and Learning and CUPSto develop workshops for our
facuty.

Statics, and Matlab
2" year —
Build Skills

AutoCAD 1" year -

Foundation

Intro to Civil/Env.

Figure 2. Integration of programmaic themes

2) Course Content Reform - While our programmaic themes(i.e. systemsthinking, systemsaralysis, IT
and IBL), and P/ skillsarecurrently includedin some of our courses thisis donein a piecaneal fashion.
We will implemert amore integrated and formalized approachto incorporating these themesthrough a
number of course reforms. These maytake the form of educational modulesand projects, but major
modifi cations to courseswill also be done (see Systemsbelow). Figure 2 lists existing coursesand
modified coursesthat will be targetedinitially to integrate the programmatic themes As shown, first yea
classeslay the foundation for these themegdskills. The following yeasthenbuild on this foundation.
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New systems courses (reformulated from Transportation, Environmertal Engineering and Engineering
Economicsard Analysis) will allow theinstructorsto delve deegerinto importart ideasand concepts not
coveredin existing courses including systemsanalysis tools, ecdogy and sustainahility concegs. The
systemssequerce is also anintegrated systemsapproach to teaching thatis adramatic pedagogical shift in
preserting this material. While we articipate some diffi cultieswith this approach, in the long run, we
believe thisto be the beg approachfor ourselvesand our students. A brief outline of the sequence of
systemscoursesis provided

COURSE HIGHLIGHTS

Systems I: * Introduction to systemsthinking and the systemsapproach

Environmental | » De<ription of ecological, and engineered ervironmertal and transportation

& systemsfocusing on system componert interections & relationships, concefs of
Transportation feedbackand emergent properties conceptsillustrated using Stella

Systems * Fundamentals of optimization, focusing on model formulation for civil,

ernvironmertal and ecdogical systems
* Applicaton of Prabahility and Statistics (whichis a pre-requisite for that course)

Systems I1: * Buildson concepts developedin Systemsl, but in a more quartitative fashion
Environmental | * Dataanalysisand visualizaion
& * Fundamentals of engineering economy
Transportation | * Decision analysis appliedto systemsproblems including multi-objectve
Systems problems risk amalysis and unceriinty handling

* Tramsportation plaming, ervironmertal impact, ecdogical & ervironmertal

systems

Systems III: * Numerical methods appliedto problemsin ervironmertal engineerng, traffic
Advanced flow and structural aralysis
Systems * Simulation modeling in traffic and environmertal systems

Analysis Tools

A similarapproachis takenwith Fluid and Sal Mechanics Fluids/Sdls| - The principlesof
continuum mecharics appliedto fluids and soils will be introducedin the fall of the junior year.
Discussions on cagillarity and cavitation in fluids will be followed by how they affect soil shrinking,
swelling and frost action; discussions on buoyarncy will be followed by the effecive stress principle;
BernoulliOsquation will be followed by DarcyOsaw and stead/ state seepage; and so on. The same
philosophy will be followedin the laboratory section and will tie them together through similitude and
dimersional amalysisin Fluids/Sdls|l. This setting facilitateseay incorporation of systemsthinking, and
other areasof intereg.

Inquiry-based (research-based) learning will be incorporatedinto several existing courses(some
examdesarelisted below) and will include the following necesary components; 1) a studert-developed
hypothess, 2) anunknown outcome, 3) developmert of awell-defined and documerted approachto
teding the hypothess, 4) an OeperimertsQ 5) amalysis ard discussion of reaults, and conclusions. These
components are includedin the various modul eseventhough they may not be explicitly mertionedin the
de<riptions due to spaceconcerns. It also should be notedthat while the modulesare primarily dedgned
asIBL modules theystill are very useful in integrating IT and systemsskills themesinto the curriculum.
We have numeraus additional IBL examgdesfor the junior and senior year, but spacedoesnot allow for
their de<cription here

A) Introduction to Civil and Environmertal Engineering (1* year) - Wage production, wage audits,
sustainahility-The United Statesproducedover 230 million tons of garbage in 2000, over half was
lardfilled (USEPA 2002). Wage managemernt and disposal is a major national issue with enormous
ernvironmertal consequence (asthey often have profound effects on groundwater and air quality, traffic,
lard value, and environmertal hakitat). Wage reduction effortsin Vemmont have beenvery successful,
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however, a wade composition survey reveakd that approximatly 24% of household refuse could be
recycled with pre-existing programsand an additional 21% arefood wageswhich could be composted
This projectwill involve ressaching wade composition and pracicesat UVM comparedto other places
B) Geomatics (2" year) - In recent years, a number of new Chigh-techOinstruments have been
revolutionizing the way surveys are conducted Among the most significant of thes newtools are
global positioning systems (GPS) and geographic information systems (GIS). We will introduce an
environmentally-based research module into our Geomatics course focused on GPS surveying. The
modulewill involve a small research project aimedat allowing students to desgn and implement a
resarch project to discover for themselvesthe advantagesand limitations of GPS surveys and GIS
analysis. Students will be alle to; determine accuracy and undergand the factors that impact GPS
accuacy, organize and analyze GPSdatain a GIS, dedgn a research project, evaluate data, and
develop acritical review of reaults.

C)EFluids/Sdls (3" year)and Open Chamel Flow (4™ year} We are one of the few engineering
departmerts that still have a hands-on laboratory experience aspart of our Hydradics and Open Chamel
Flow courses The laboratory experienceis essertial for illustrating the application and relevarcy of the
thearetical and computational componerts of the course. We have evaluatedthe laboratory exercisesand
equipmert to creat a more up-to-date lab experience with directlinks to ongoing reseaich by our faculty.
One example of anIBL project isthe dedgn, construction, and implementation of laboratoriesby our
Open Chamel Flow studerts for use in our Fluids/Sdls course. A 6 m recirculating-flume, purchased for
resarch activitieson aprevious grart, will be used for thes new lab exercisesproviding studernts with an
opportunity to use state-of-the-art fl ow and topographic measuring devices(e.g. acaustic Doppler,
velocimety and laser scamersfor 3-D image analysis).

3) Laboratory Reform D The main purpose behind laboratory reformisto allow IBL, IT and systems
thinking and amalysis to be more easly incorporatedinto the program. In addition, upgrade to specific
laboratory capahility will allow sampling and analysis from our Catamaunt Community projects thus
ersuring integration of service-learning into certain courses Geaechmical, Water, and Transportation
engineering are three areaghat we wart to increa® capahility to link with our Catamaunt Communities
The ideal servicelearring project would be one in which the studerts could run OresarchtypeQeding
and analysis asatrue |BL project, aswell asincorporate systemsanalysis and modeling with it. Thus the
projectwould combine ALL agpects of our reform. While this maynot be possiblein all service-learning
projects, we think that giventhe right engineering equipmert and software it will be possiblein mary.

A) Re-engineeringOthe Gedechnical capakility at UVM PA suite of experimertal and
computational tools arerequegedto facilitate auomat c teding of diff erert soil samplesfor diff erert soil
properties Understanding and determining soils propertiesis fundamenal for all civil engineering
projects and will be important for most of our Catamount Communities In addition, physical and
numerical modeling will be animportant componert of IBL in the Fluids/Sdils course and tie them
through dimersional analysis and similitude, and other Geatechnical elecives We arerequeding : (1)
fully auomateddirectshear and triaxial consolidation teding mactinesto complemert existing old-
fashioned counterparts (off -the-shelf items), (2) tark models to demastrate seefage in models of such
earh structuresasearth damsard sheet pile cutoff walls (to be built in-house), (3) instructional certrifuge
for physical modeling of such eath structuresasembankmerts, retaining structuresand foundations (to
be built in-house with drawings obtained from Professors Dobroslav Znidarcic and Hon-Yim Ko who
recertly obtained NSF DUE grart (award number 0341327) to develop aninstructional certrifuge),
(http://bechtel.colorado.edu/webigrad geaechfaci/certrifuge/certrifuge html and (4) commercial
software (GecoSlope, widely usedin the industry) for numerical modeling of the earh structuresfrom
items2 and 3.

B) Integating State-of-the-art Physical Water Models with Systems, IT and IBL in various Water
courses(e.g. Hydrology, SystemslIl, Capstone Dedgn). A large-scale groundwater physical model (MRI
gran, http://www.emba.uvm.edu/~gwtark/) and a6 m recirculating flume (NSF EPSCoR grarn) are
housedwithin the department and availal e for educational use. We planto better integrate both models

12



into the systemsaralysis coursesand for use in modeling and better conceptualizing water issuesin our
Catamount Communities Modeg funds of additonal sensors, softwareand suppliesarealso requesed

C) Development of aVirtual Traffic Operations Lab - For transportation engineering the real
world isthe bed laboratory for formulating and teging hypotheses building and calibrating models, and
for leaning and knowledge discovery. The purpose of the Virtual Traffi c Operaions Labisto bring the
realworld transportation systemto the classroom through theuse of IT. Theideaistoinstall Closed
Circuit TV Camerasto monitor traffic flow atone or two signalizedintersecions on the UVM campus.
These cameraswould feedtheir images in realtime, to the Transportation SystemsGroup Computer lab,
where the imageswould be posted on the web, allowing themto be acessedfrom ary placethatis
connectkedto the Internet. Traffic volume, speedand occuparcy datawill also be collectedard archved
in the lab. Thislabwould provide datafor several projects and assignmerts dedgnedto allow for systems
thinking, inquiry-basedlearring, and I T.

One example of a projectisthe Calibration of Traffic Simulation Models in which the students
will develop atraffi c simulation model for the intersections being monitoredby the virtual transportation
lab. Students will thencompare the output from their models to observations obtained from the virtual
lab. They will thenbe akedto attemp to calibrate the model to bring its reaults closerto realty.

4) Undergraduates Independent Research Experiences-Due to our small size and close tieswith our
studerts, we havereliedon undergraduatesto assist usin our research projects. Talented and interesed
studerts areoftenrecruitedfor resaich during their junior and senior years One of the mativations for
someof our reformsisto develop the necesary skillsin studerts so thatthey canparticipate in our
research activities The makeup of the faculty requiresstuderts to be skilledin systemsengineering,
computational and I T applicaions and Oresarch thinkingO Incorporating the tools early into the program
will preparestudentsto solve the kinds of complex problems(both in class and in research) thatare
pertinent to the faculty and society. Recertly, a summer scholarship program hasbeendevelopedin our
Departmert (The Richard Barrett Resarch Sclolarships). Four undergraduatesfrom our departmert have
beenselectedthrough a competitive, proposal-based process to receive a summer 2005 stiperd and
equipmert funds to conduct self-directed research under 1-2 facuty mertors. We fully expectto expand
this programin the future. In addition, usually 6 undergraduatesare supported on facuty resarchgrarts
in the summer.

CS5 PROJECT ASSESSMENT and ENGINEERING EDUCATION RESEARCH

The assessment of this project will have formatve and summaive componerts of both facuty
and studert learring. The formative assessment will provide ongoing feedback to engineering faculty to
guide the progress of the project. It will documert the project’s actvities idertify successful
components and necesary modifi caions to develop strategesfor improvemert. The summaive
assessmert will examine the projecOffectivenessin meetng its goals (Table 3).

Facuty change will be measired through a combination of observation RTOP (Refamed
Teacher Observation Pratocal) and evaluations of in-class assesmerts, syllalki and facdty developed
educafonal research These will be comparedto normalizedgains from in-clas asesmerts and
longitudinal survey data. The surveys and assessmerts will document changesrelatedto the project
objectvesand goals and measire the effeciveness of the changeson studert learning. All survey and
other work will be reviewedby the Institutional Review Board (IRB) for approval prior to initiating the
asesmert tool.

Baseline Data - Extersive review of basline data during the Plaming Grant including review of
Institutional data (1996-2003) on recruitmert, retertion, GPA, SAT scores ard studert demagraphics
wasdone. We also conducted a first year studert survey (with IRB approval) on all 1¥ and 2™ year
engineerig studerts to collectbasline data.

Education Research Questions - As part of this resarch grant we planto systematcally examine the
implemertation proces and its influence on studerts and facuty. The education faculty and graduate
studert will invedigate: How the facuty work to erhancetheir program and curriculum plars? How does
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this program change infl uence studert learning? The educaton reseacher will also invegigate how these
changesaffect the experiencesof womenand minoritiesin the civil engineering departmert.

Outside Evaluation and Training- Drs. Gayle Garon and Diane Ebert-May (Ebert-May et al. 2005) will
serve asoutside consultants and evaluators of our assessmert procedure to ensure the necesary rigor and
objectvity for the type of proposed comprehersive reform. In addition, this grant would be usedasan
opportunity for training the faculty in developing a sustainable evaluation and assessmert procedure
beyond NSFfunding. For example, we will encourage facdty resarchin teacling and learning,
determine the beg use of alumni and senior survey data, institutional data and the first-yearstudert
surveys.

Table 3. Summative assessment strategies cross-referenced to project goals

Objectives | Evaluation Strategies/Data Sources

Goal 1: Teach students a systems approach for engineering problem definition and solution that
creates a socially and environmentally conscious student body

Objective 1, | » Observations of CE classroom instruction and RTOP

2,3, 4 * Examination of class projects ard labs and Interviews with CE facuty and studernts

* Varioussurveys (eg., course ard ABET surveys) thatare already in place

* Comparisons of course syllahi, normalizedgains and assessmerts, before, during,
after projectimplemertation to demanstrate what hasbeenadded

Objective 5: | » Suveyfacuty after attending workshops, meetngs, collectagerdas

Goal 2: Increase social, racial, gender, and intellectual diversity in our programs and present data
to show that this model works

Objective 1, | » Statisticalanalysis of studerts entering into and remaining in the programs
2,and 3. * Suveyson student experiences

* Interview with CE studerts and facuty advisors

* Analysisof student body composition before and after program

* Suveyrecert alumni who have experiencedthe changes

* Statistical analysis of advising meefngs

Goal 3: Educate engineers that understand the interconnectedness of everything in our complex
world, thus creating a more knowledgeable and effective workforce

Objective 1: | » Alumni and employer survey data
* Examination of class projects, interviews with CE facuty, RTOP, normalizedgains
and asesmens

Objective 2, | » Examination of class projects, syllahi, course matrials, normalizedgains
and 3: * Interviews with CE faculty and students

Objective 4: | » Interviews with CE studerts, surveys on student experiences RTOP
* Course project review egecially capstone course, and course surveys
*  Alumni participation in professional activities

Objective 5: | » Suveys ard interviews on student experiencesand with servicelearring partners
* Examination of serviceleaning project ard reflections

Goal 4: Incorporate lasting and sustainable reform within our programs that can be a model for
other engineering (and science) programs at UVM as well as nationwide

Objective 1: | » Interviews with CE faculty and facuty evaluations of training

* Implemertation of ideasfrom training into courses(evaluate projects, syllahi, in-
class asessmens, RTOP)

* Observations of facuty curriculum plaming meetngs

Objective 2: | » Dataon publicatons, other programsat UVM incorporating ideas informaton
dissemination, website hits, requeds for informaifon, invited spealkers

C.6 ORGANIZATIONAL STRUCTURE and ROLES OF PARTICATING FACULTY
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Parfcipating faculty will take charge of various agect of the projectersuring that progressis
continuous and succesful, however, it should be noted that we work extremely well asateam, having
done so for more thanthreeyeas. We take a systemsapproachto the orgarizaion and managemert of
the project The overall structure is shown in the following diagr.am

@ Dept/College

Marketing
Company

Pl, overall project B
administrator, program
sustainability and diversity, Assessment
outreach and
dissemination N,
Hayden eumann
- Outside
CATAMOUNT Integrating Themes Evaluators
Communities Sadek & Dewoolkar
Rizzo & Hession
/‘ \ Education
Developing Personal/ Liaison to Systems, IT IBL and Lab R ch
Community Interpers. Communities Sadek & Dewoolkar
Room Rizzo &Hession Neumann
Hession Hayden Downer

C.7 INSTITUTIONAL FIT AND SUPPORT

The proposed plaming activitieshave full support of the administration at UVM and fit in with
the overal strategc plaming acfvitiesthat have beenongoing atthe Univerdty for several yeas. Letters
of support from the Departmert Chair, the Deanof the College, and the Pregdert of the Univerdty are
includedin the Supplemertary Documerts.

C.8 OUTCOMES

The overal expectd outcomefor this projectis abetter educational experience for our students
and our facuty, and the graduation of a more effective, diverse group of enginees that underg¢ands a
systemsapproach to engineering and the intercanectedness of everything in our complex world. We
believe our reform will be part of the solution, not the problem, whenit comesto educating our future
engineers We expectto make numeraus presentations about differen agect of this work ata variety of
professional meetings. The Pls have strong recards of preserting abstracts and papers at national and
regonal meeingsincluding ASCE, AGU, AEESP, ACS, |IEEE, ASEE. We will work with College and
UVM personnel, aswell asalocal marketing company, to erhance our recruitmert, outreach and reaults
dissemination efforts, thus ersuring a broader impact of our reform. Our programswill serve asa model
for engineaing and science education at UVM and nationally. All projectteam memkbersare reqular
contributors to citizeneducation and outreach. Plea note that educaton and outreach activitieshave
beenseparately idertifiedon individual CVs. Especially noteworthy arean Aldo Legpold Fellowship
awardedto Hayden, and an NSF awarded UMEB: Diversity and Excellence in Environmental Biology t0
Rizzo(Co-l). We believe the new programswill mativate students for learring and getthem excited
about areasof engineerng that we areexcited about, thus creatng a positive feedback for our own
experiencesaseducatbrs and reeaichers We believe that focusing on systems service-leaning and
sustainahility issueswill make engineering a more attractive major and careerfor differert kinds of
studerts, ard will improve retertion, egecially of underrepresertedand diverse groups in engineering. If
succesful our program reforms promise nothing less thana signifi cart engineering cultural charge.
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