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Abstract - By reinventing the civil engineering educational
system, we will be able to produce the master integrators of
tomorrow. In addition to technical skills, we will imbue
graduates with technical vision, business principles,
marketing savvy, communications skills, leadership and
management understanding. At the University of Oklahoma
we are embarking on an ambitious curricular revolution that
will transform what the students in the College of
Engineering learn and how they learnit. The old paradigm
mandates that students attend classes to accumulate the
required number of credits to obtain a degree. We will
replace that old culture with one in which students gain
competencies through a variety of learning experiences:
design and research projects; and off-campus internships,
including participation in international projects. We will
develop modules so that students learn new skillsasthey are
needed within the design or research project; thus principles
of “just-in-time” learning will be ubiquitous. While going
through the curriculum, students will document and reflect
on the meaning of what they are learning by creating a
“Learning Portfolio,” which will be one of the evidences of
progress. Students will be charged with managing and
taking responsibility for shaping their own education
through active and higher level learning, all of which will
develop lifelong learning skills.

CONTEXT FOR CHANGE

The Boyer Commisson Report [7] highlighted the need for
reinventing undergraduate  education. According to the
commission, research  universties have  faled  the
undergraduate  student  population. The commission
recommends ten pivota goproaches to radicaly improve
today's educationd paradigm. Likewise, the Kaelogg
Commisson on the Future of Sate and Land-Grant
Univergties recommends that we creste new leaning
environments [12].  Both commissons indicate that mgjor
curricular innovations are needed, not minor adjustments.
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We live in a rgpidy changing world influenced by
change agents such as @ the globd economy; b)
information exploson; ¢) internationad competition; d)
cognitive revolution;, € a diverse workforce and f)
environmenta  sudtainability. The graduate engineer must be
ale to function in the aess of integration, andyss
innovation and synthess, in addition to having a contextud
understanding for her work [3, 5. Table 1 identifies dx
types of changes in engineering, with the mgor implications
for the engineering curriculum.

Now is the time to revolutionize undergraduate
enginegring  education. While the traditiond educationd
paadigm has produced generations of competent technica
enginegrs, it is ill suited to producing graduates who can
contribute in a dynamic team-oriented environment, who
have advanced criticd thinking skillss who ae proficent
with information technology and who can communicate
effectivdly with management and the public [2, 6, 8, 11, 14,
18]. Our traditiond system is discouraging many tadented
engineering  prospects,  induding women and  under-
represented  minorities, and  squandering  critical  resources

[17, 19, 24]. We have an atrition rate in engineering that
exceds 40% a many leading inditutions. Students
commonly leave engineering because they fal to see

relevance in introductory classes and because of a lack of
ealy faculty mentoring [22]. It is our bdief that the best
way to generate excitement and improve retention is to
introduce  project-based, modular-aided  learning  that
develops multiple competenciesin students.

CURRICULAR REFORM

We ae in the process of credting the Sooner Engineering
Education Center (SEEC) for multiple competencies with
the over-arching god of cresting modular-aided and project-
basad learning throughout the curriculum in the College of
Engineering (CoE) a the Universty of Oklahoma (OU).
Initially, concepts will be developed as a pilot project in civil
enginegring, and subsequently SEEC will be embraced by dl
units in the college. We envison tha multiple competencies
will  be endbled by SEEC through the use of
multidisciplinary  engineering, appropriate  technology and
ubiquitous design projects.

In order to redize our longterm vison of a curriculum
driven by sudent projects (and not by sudents checking
courses off of a list), three essentid components must
converge 1) wdl-defined, comprehensive, multidisciplinary
projects, 2) a flexible, yet rigorous assessment tool in the
form of a sudent learning portfolio; and 3) a protocol for
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delivering technicad informetion on an as-needed bass (i.e,
"just-inrtime"  learning).  Each of these components and
their interrdlation, is illustrated in Figure 1. The exiging
course-driven curriculum is shown a the top; the long term
god of a proect-based curriculum is shown a the bottom.
Our methodology to get from the current to the future
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scenario is shown in the middle of the figure. That is, we
will  devdop jus-intime leaning modules, indusive
learning modules, and assessment tools in pardld before
merging them as a coherent curriculum.

Table 1. The Changing World of Engineering

Change Agents

Implications for Student Learning*

1. Increased use of computing.
2. Globalization of business

3. Greater interaction between engineers and
other professionds.

4. Multiple and changing organizationd
contexts for business

5. Changein enginesring practices

6. Changing career opportunities

1. Ahility to useinformation technology appropriately
2a. Senstivity to other world cultures
2b. “How tolearn” aforeign language
2c. ECommerce
3a. People sills (eg., working on ateam)
3b. Communication skills (ora presentations, writing, teem did ogue)
4. Business operation and management
- Organizationd know-how
- Understanding the workplace
- FHow of ideasin an organization
5a “Learning How to Learn”
- Discovering and mining information for solutions to new problems
5b. Directing persona continuing professiond educetion
- Defining alearning agenda
- Congructing aprogram for achieving learning objectives
6. Preparing for new careers.
- Monitoring career opportunities
- Assessing capabilities
- Re-directing your career

* |n addition to domai n-specific knowledge and the ahility to operate at the systemsleve.

Figure 2 illugrates the overdl program philosophy as it
relates to just-intime learning for science and mathemetics
(S&M). At the left of the figure, the arrow spanning the four
years represents the continuum  project. Asume, for
example, that the project centers around the infrastructure
design for a municipdity and suppose that the students are
working on a surface water supply resarvoir; this is indicated
in the middle part of the figure, dong with the disciplinary
subjects involved. Findly, a the right of the figure, we show
the needed S&M modules in order to have the necessary
background to complete the reservoir  design.  This
knowledge is ganed on an as-needed bass to complete the
tak. In essence, the intdlectua content of traditiona
courses has been identified, and each individud topic
ddivered in a sdf-contained module.  Modules can be df-
paced, multi-media packeges, short (eg, one to two-week)
sminas, directed dudy; forma peer-mentoring teams or a
combination thereof. By reducing exising courses into their
basc components, we will dlow just-intime learning to
succeed in the context of curriculum-long projects.

In a traditional curriculum, S&M are taught by faculty
in ther regpective disdplines with little regard for the
ultimate application of the materid by the sudents. The
University of Oklahoma currently fals in this modd, as do
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most large inditutions. Also, as cited earlier, it is one of the
reesons for low retention retes. An integraed S&M
goproach is one where dudents sSmultaneoudy learn
chemidry, physics and mathematics in supercourses in the
context of meaningful gpplications. While highly effective,
we bdieve it is an unsuitable nationd modd. Frg, it
requires a large inditutiond investment to restructure the
curricllum and a tremendous faculty commitment to sudtain
the effort. Second, it canot easly accommodate transfer
sudents, sudents with advanced placement credits or
students who take courses out of sequence. Ingtitutions that
adopt an in-between modd maintain the individud identity
within the S&M courses, yet they try to incorporate
meaningful gpplications to motivete student learning. Some
inditutions may even attempt some bridging of the courses
by working on common projects. As the name implies, this
mode is a cod-effective drategy that takes advantage of the
srengths of the first two models. Many attempts fal into this
caegory, and, given the inditutiond cdimae a many
schoals, it is a god first step. But we propose to do more.
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Figure 1. Transition from Course-Driven to a Project-Based Curriculum
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Figure 2. Just-in-Time Learning in a Project-Based Curriculum
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We will inditute just-intime leaning across the

curriculum. Continuing with the S&M example dated above,
we would eventudly like to diminate the entire S& M course
sequence. Instead, students enter the enginesring curriculum
in the freshman year, working on multidisciplinary design
projects. As they encounter tasks that require certain S&M
skills, that materid is presented in a sdf-contained module,
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including appropriate theory and background. We do not
clam authorship of the just-intime learning paradigm, but
our experience is that where implemented, it has been
implemented on a locdized bass such as within a given
course [16, 23]. We ae not awae of its use on a
curricullumwide bads and & the levd of modularization we
are proposng. In those cases where it has been used, it hes
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proven effective when it comes to issues such as higher-level
learning, retention, and excitement. However, development
cogts are high, a leest initidly, and it is difficult to sustain.
In fact, until the present era, we bdieve a full just-intime
approach was unworkable (viz, you smply cannot expect the
mathematics faculty to respond quickly every time
engineering  summons). But  with information  technology,
now is the time snce many of the modules can be web-based
and sdf-paced, which provides the needed flexibility to meet
vaious timing demands. We ae not proposing to replace
faculty. Rather, the multimedia modules would complement
faculty expertise and dlow them the time to supervise group
projects and offer more individud mentoring.

M ULTIDISCIPLINARY PROJECTS

Filot projects will replace discrete, independent courses with
multi-semester,  project-based  teams  learning  through
“includve learning modules’ (ILM) (i.e, a composite of one
or more exiging coursss).  The project teams will be
multidisciplinary, as required by project complexity, and
multi-classes, with upper class dudents supervising entry-
levd colleagues.

We will initidly creste ILMs by exploiting the fact that
we dready have project-based (or design-based) courses in
the freshman and senior years Project-based  courses
currently exig in the freshman year to help motivate and
integrate incoming sudents while they ae primaily taking
core courses (eg., scence and mathematics. The project-
based capstone course that students take in their senior year
helps them integrate their learning around a complex design.
By coupling students in these courses, and by integrating
these courses with severd others in the freshman and senior
year, we will devdop project-based ILMs that will
ultimately replace the current course-driven curriculum.

We will use a pilot project to move from our current
coursedriven curriculum to our desred project-based
curricullum.  The pilot project, which combines freshman
and senior levd courses in Civil Enginegring, was sdected
based on: @) the complexity and diversity of projects in civil
engineering; b) past educdiond initiives; and c) faculty
support and development of our proposed plan.

CIVIL ENGINEERING DESIGN PROJECT
A typicd civil enginering project, such a building a
sopping mdl, is multifacsted and complex, requiring a
combination of technicd, legd, managerid, business and
finence ills.  While civil engineers the madter integrators,
typically oversse such a proect, a number of other
disciplines are equdly important (eg., mechanicd, dectricd
and indudrid engineering, dong with business finance, law
and management expetiss). Currently the civil enginesring
desgn course a OU, which dready integrates civil,
mechanica and eectricd enginears is a one-semester three
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credit course in the senior year. We will expand upon the
exiging course by: @) integrating two additiond courses in
the fdl of the senior year and one course esch semedter of
the freshman year: and b) induding additiond disciplines
(eg., industrid engineering, business and finance).

Four courses have been identified to provide a focus on
a snge proect (i.e, the leaning in each course will be
motivated by, and an outgrowth of, tasks necessary to
completing the project). The two freshman coursss,
Introduction to Enginegring (a fal semester course) and
Grgphics and Desgn (a soring semester  course), were
sdected because they naturdly lend themselves to a design
project. The two senior courses, Structurd Design and
Fundamentds of Engineering Economy, were Sdected
because they are typicdly teken in the fal semeder, and
content is critical to thetypical design project.

To echieve longterm success, educationa reforms must
build upon previous experience The School of Civil
Engineering and Ervironmenta Sdence (CEES) has a
proven track record of implementing educationa reforms.
Sating in 1993, the senior design class was revamped to be
teambased and project-based, with projects being provided
and judged by practicing engineers.  The results of this
course are presented in severd journd atices [13, 14], and
the professor was awarded a pregtigious naionad award for
the innovation. CEES dso served as the pilot group for the
wirdess lgptop program in the college (i.e, CEES courses
were converted and taught in a wirdess laptop environment
a year before the rest of the college), and & a leader in the
integration of research and education [21].

CEES is d=0 currently implementing an NSF Action
Agenda grant, Sooner City [15], to integrate a common
design theme throughout courses in the civil enginesring
curricullum (development of a plot of land into “Sooner

City."). The new curriculum is an outgrowth of this
successful - project, which  received the 1999 Oklahoma
Regents for Higher Education's “Ingructiond Technology

Excdlence Award” Whereas Sooner City seeks to integrate
a common desgn theme throughout exiding courses, the
new paadign dso seeks to remove bariers  between
courses, and expose sudents to a working environment more
typicd in the practice of engineering. Working on Sooner
City has increased the awareness and enthusasm of CEES
faculty for educationd reform, meking the generd project-
based |learning project possible.

Sudtainability, scdability and trandferability are other
key components of educationa reform. No reform will have
a longterm impact if it is not sustainable and eesly
transferred; therefore, we follow the gpproach of integrating
exiging courses. This project will devdop and design
features during the first year of the project, with some initia
implementation, followed by a full implementetion in the
second year, with modifications in the third year, based on
second year results.

In addition, an environmentd science ILM will integrate
two freshman courses with four senior-level courses A
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project, such as dedgning a condructed wetland to treat
mine wagtes will provide the focus for the technica content
and laboratory exercises throughout the coupled courses.

L EARNING PORTFOLI0S

Learning portfolios [20] will be used to support the new
curriculum.  The learning portfolio is a document thet
contains two sectionss a narative and an gppendix of
supporting materials.  In the narrative, students comment
and reflect on what they have learned and how they have
learned. When discussng what they have learned, student
comments will be organized around the sx mgor gods of
the proposed curriculum (see Table 1).

Completing a learning portfolio will help students in a
number of ways. ~When dudents engage in the various
ressarch and design projects, they will be having "rich
learning experiences” meaning that they will be learning
severd things smultaneoudy: content learning; how to use
the content; how to work in peformance groups, and
developing communication  sKills. Consequently  students
need to periodicaly reflect on wha they have learned from
these experiences, what they need to learn next, and how
they can broaden their education.

Going through this sdf-reflection exercise will dso
help students to deveop a sense of sdf-direction in their
own professond education. When a sudent finishes the
engineering program under this multi-dimensiond
curriculum, she will have a portfolio to show to prospective
employers that will document <kills, attitudes and specia
learning experiences.

Credting learning portfolios will be a new experience
for most dudents, therefore the CoE will provide the
following support: 1) an initid orientation course on
learning portfolios; 2) supervised and per mentoring on
reflective  thinking and assembling documents; and  3)
portfolio assessment by peers and faculty.

The colege undergraduate advisng  center  will
coordingte and support the devdopment of learning
portfolios.  Activities will dso be held to orient al faculty
members in the college about their role in the development
of learning portfolios, and periodicaly orientation sessons
will be held for new faculty.

INSTITUTIONAL ASSESSMENT

An inditutiond assessment plan is pivotal to success [1, 2, 4,
9, 10]. We anticipate that this project will generate three
kinds of change 1) enhanced dudent peformance in a
broader range of compeencies, induding  technicd
competency as well as the “new” competencies that have
been enumeraied in the sx educetiond gods of the project
(cf, Table 1); 2 dudent retention; and 3) postive
inditutional change. These changes will be the focus of the
assessment and eva uation activities.

0-7803-6424-4/00/$10.00 © 2000 | EEE

Session T1F

Enhanced dudent performance will be assessed within
the modules and courses via course evduations module
evdudions, pre and post-course examinations, and student
learning portfolios.  These formative assessments will key
on the sx educationd gods of the curriculum, as well as the
coursgfmodule  specific  gods. Course  oObjectives and
outcomes will be linked to both prerequiste and relaed
coursss. A content study will have a listing of specific gods
or curricular student outcomes for each course and module,
plus a linkage of these gods to ther preceding and
subsequent courses. I addition, an overdl matrix will be
desgned that links each module/course with the gx
educationd gods, as well as with the Accreditation Board of
Enginering and Technology’'s Enginesring  Criteria 2000
Student outcomes.

In preparation for the Student retention messurements,
we will develop assessment drategies.  Criteria for retention
of dudents will be edablished usng a combination of factors
from the cognitive and the affective learning domains. The
citeria will vay bassd on gender, ehnicity, and
socioeconomic  background, as wel as type of enginesring
discipline.

The indtitutionalization of the project will be messured
by the success of the organizationd changes that have been
highlighted as necessary for the successful overhaul of the
educationd system.  Such indicators will be changes in
promotion, tenure, and review requirements, faculty reward
dructures, joint departmental  educational  projects, and
feculty perceptions.  Programs that recommend high levels
of change ae in need of change agents which ultimeaey
fecllitate permanent change.  Change agents are supported
by policy changes, faculty perceptions of a successful
project, and adminigtration support. The CoE has begun the
process of inditutiondization by revamping new policies
and procedures for annua faculty evaduaions. These
changes indude recognition of course and educationd
materids devdopment efforts and activities that promote
technology transfer, industriad development, and intellectua
property development. The tenure review system is the next
targeted dructure.  Overdl faculty attitudes via an annud
faculty survey will be tracked during the time period of this
proposd. Differences between participating faculty and
“outside-of-project” faculty will be noted. Faculty
interviews will be conducted within the project focusng on
the perception of labor intensity/work load associated with
the educationa innovations proposed in this project.
Meesures such as the number of courses, number of different
depatments, number of faculty, and number of <udents
paticipating in the project will be tracked, dl possble
indicators of postiveinditutiona change.

SUMMARY

The School of CEES a& OU will expand and build on the
experience ganed in “dedgn across the curriculum,” which
was funded by a threeyear grant from the NSF Action
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Agenda  Program.
project-basad  learning
beginning the fdl

The shool begins a pilot project in

for the College of Engineering
semeder  of  2000. A s¥ies of
comprehendve  courses  with  gppropriadte  mathematics/
stiencelenginesring fod  (i.e, Integrated Learning Modules--
ILMs) thet are project based will be the centerpiece of the
new and flexible curriculum.  This reform will begin with
the expanson of the existing industry-driven senior capstone
course into a two-semester ILM, with sudents from civil,
environmental, dectrica, and mechanicd enginegring, dong
with business and architecture students, working in design
teams. First-year students will join the teams in this ILM
and function as agpprentices mentored by the seniors.  In
addition, fal of 2000 will see modularizetion of offerings
such as geoinformatics, computer-aded engineering, and
other topics that will be subsequently expanded to dll
exiging coursss. Planing and  implementation for  the
comprehensive four-year curriculum will run in pardld with

the firs offerings. The over-aching god is to atan
module-aided,  project-based  learning  throughout  the
curriculum, fird in civil enginegring and  environmentd

stience, and ultimady, across the entire College of
Engineering at the University of Oklahoma.
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