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Abstract

Engineering education in the United States is gtlimgugh a change, much of it driven by two reaepbrts from
The National Academy of Engineering and the inteomalization of the profession. This is a norrpabcess of
evolution in the education of future engineers takenthem better prepared to be effective profesfsoim the
environment they will face. As part of this evadut and the normal process of quality improvemé@vithita State
University has recently launched a strategic itiiteg Engineer of 2020 This paper reviews the background and the
rationale for this initiative as well the implemation of it. Also discussed is the experienceated
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1. Introduction and Background

One of the challenges and responsibilities of tthécators in a professional discipline like engiimagis to ensure
the relevance of its curricula. As a result, i thS, engineering faculty review and reorient tlegirricula on a
regular basis. This review takes place becausatefnal and external considerations. Externalsiterations
include feedback from program graduates and emppyhanges in government regulations, employmemnids
and related statistics, changes in the professtan,

The recent impetus for curriculum changes has bgemeports published by the National Academy ofiBeering,
a private, independent organization set up by tise @dngress witlthe mission“to promote the technological
welfare of the nation by marshaling the knowledge msights of eminent members of the engineeriofegsion.”
[1]. The first report,The Engineer of 2020: Visions of Engineering in Mew Century[2], asserts thatTo
maintain the nation’'s economic competitiveness anprove the quality of life for people around theond,
engineering educators and curriculum developers anigipate dramatic changes in engineering pracid adapt
their programs accordingly.” It identifies “theeia attributes of the engineer of 2020, the repmrdmmends ways
to improve the training of engineers to prepararnther addressing the complex technical, social, attdcal
questions raised by emerging technologies.” Treorsd report,Educating the Engineer of 2023], “offers
recommendations on how to enrich and broaden eagimgeeducation so graduates are better prepanedrtoin a
constantly changing global economy. It notes thgdrtance of improving recruitment and retentiorstfdents and
making the learning experience more meaningfulhent. It also discusses the value of consideringhgés in
engineering education in the broader context ofaanimg the status of the engineering professioniapdoving
the public understanding of engineering.”

The Engineering of 2020 [2] report is framed by fiblllowing guiding principles:
1. “The pace of technological innovation will continteebe rapid (most likely accelerating).
2. The world in which technology will be deployed wlilé intensely globally interconnected.
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3. The population of individuals who are involved wittr affected by technology (e.g., designers,
manufacturers, distributers, users) will be inciregly diverse and multidisciplinary.
4. Social, cultural, political, and economic forcesliwiontinue to shape and affect the success of
technological innovation.
5. The presence of technology in our everyday lives lveé seamless, transparent, and more signifidzant t
ever’.
It also indicates that future engineering graduaifide those who: [2]
“Will possess strong analytical skills
Will exhibit practical ingenuity
Be creative
Have good communication skills
Have mastered the principles of business and mamage
Understand the principles of leadership and be tabpeactice them
Possess high ethical standards and a strong skps&essionalism
Possess dynamism, agility, resilience, and flexybil
Be life long learners”

CoNoOOR~WOWNME

Others have also identified similar characteristit$uture engineers. For example, 2007 Enginge®uatlook [4]

indicates that “The traditional skills of an engndmath & science) are still paramount to a swsfaégareer in
engineering, but a shift towards stronger ‘softlskis a notable trend. Employers are seeking leyges with

strong communication skills, leadership qualiti@gativity, and an ability to function within a tad Rugarcia et
al. [5] identified these seven features that wils@ challenge to future engineers:

“Information - proliferating

Technological development — multidisciplinary

Markets — globalized

The environment — endangered

Social responsibility — emerging

Corporate structures — participatory

Change - rapid”

NogakwhpE

The rest of the paper is organized as follows:ti@e@ describes the strategic initiative impleneghat Wichita
State University for educating the future engingeextion 3 provides a summary of the early resoftdhe
implementation since fall 2007 and the lessonskxdirand, section 4 provides a few concluding ré&mar

2. Wichita State University’s Strategic Initiative— Educating the Engineer of 2020

Whitman, Toro-Ramos, and Skinner [6] provide a depton of the strategic initiative by the Collegef
Engineering at Wichita State University in respotsehese challenges. The motivation of this atitie is to
“establish (the college’s) leadership in reshaghgyundergraduate experience to prepare the emgih@©20, and
at the same time make the educational experience meaningful to the student and the student mesé&able to
local and national industries.” The following deption of this initiative is largely copies of mlant materials
from this paper [6].

The initiative proposes that “to fulfill the regaments for an Engineering BS degree at WSU, eadest will
complete the (engineering) program course requingsriacluding at least three of the following sotigities:

1. Undergraduate Research

2. Cooperative Education or Internship

3. Global Learning or Study Abroad

4. Service Learning

5. Leadership

6. 6. Multidisciplinary Education”

Following are brief definitions of each activitychna summary of how the student may fulfill theuiegments of
the activity.
e Undergraduate researctBtudents work under the supervision of a facuttgmber either as an
undergraduate research assistant for one semegterform an independent study. The faculty supargi
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the undergraduate research approves the activitysigms a form. To satisfy the Undergraduate Rekear
criteria each student must complete one of
the following:

One full semester as an undergraduate researcheedso a faculty
independent study, under the guidance of a facuétmber,

performing a comprehensive and critical literatte@ew of an emerging
area of research (analysis/synthesis of the custate of knowledge in
that area).

» Cooperative Education/Internshipo satisfy the Cooperative Education or Internship

criteria each student must complete one of foucksaavailable: Cooperative Education, Internship,
Combination, or Industrial Experience.

Cooperative Education Track - To successfully catgplthe internship track, students will
complete two semesters of full-time or four senmasstd# half-time cooperative education work
sessions; enroll in one credit hour of cooperatigacation during each of the semesters; earn two
to four hours of cooperative education credit tlaunt toward their technical elective
requirement. A cooperative education endorsemdhbe noted on a student’s transcript if the
university records satisfactory performance duraligwork sessions and the student meets all
cooperative education requirements.

Internship Track - To successfully complete theeiinship track, students will complete at
minimum two semester-long internships; enroll ire anedit hour of internship credit during each
of the two semesters; and, earn two hours of istépncredit to count toward their technical
elective requirement. An internship endorsemerit g noted on a student’s transcript if the
university records satisfactory performance duthngtwo work sessions and the student meets all
of the internship requirements.

Combination Track - Some students desire the oppitytto have a variety of work experiences.
The Combination Track will address these studemiséds. To successfully complete the
combination track, students will complete at minimtwo semesters of cooperative education
work sessions and a one-semester internship; einraboperative education /internship course
during each semester of work experience; earn thoees of internship credit to count toward

their technical elective requiremenfn endorsement will be noted on a student’s trapsifrthe
University records satisfactory performance dutimg work sessions and the student meets all of
the cooperative education/internship requirements.

Industrial Experience Track - Some students workhvémployers who have yet to form a
cooperative education or internship agreement WitBU. The Industrial Experience Track
provides these students a means by which to validfeir industrial experience as fulfilling the
cooperative education and internship criteria. Advaork experience will involve the application
of engineering principles and must be approvedheystudent’'s academic department. This track
does not provide academic credit hours toward degf® successfully complete this track,
students will submit a proposal, that identifies thork experience, to their academic department
for approval; complete at minimum two semester-I{fad time) or four semester-long (part time)
approved work experience; summer counts as a semest

» Global Learning To satisfy the Global Learning or Study Abroaifecia each student must complete one
or more of the following:

Successfully participate in a global learning pcojeithin an existing class; this will typically
involve internet-based communications with studeet@chers, and colleagues in at least one other
country. Global learning projects must includeeatst one participant from outside the English-as-
a-first-language world (e.g. Russia, Japan, Chimég eligible.

Successfully complete a study abroad componers;itiviolves participating in a credit-bearing,
university-approved study abroad activity in a fgnecountry. (Note: Students possessing an F-1
VISA qualify for this criteria and must submit afio to the Director of Engineering Education.)
Submit a previous global learning or study abroapegence; in this case, the student must
prepare a two-page report outlining: Summary ofvises experience, including dates and
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locations; description of the student experiengpi¢ally a reflective paper, though not restricted
to this); and contact information of faculty/sporsimvolved in the global learning experience

» Service Learning To satisfy the curricular requirements of Sesviearning, each student will complete
one of the following:
i A project that meets the criteria of service lelagnas a significant component of a one-semester,
for-credit existing course.
ii. A one-semester, for-credit Independent Study cothlrat meets the criteria of service learning.
Each student will enroll in the Independent Stuahurse of their major, and will work in
multidisciplinary, cross-College teams.

» Leadership To satisfy the Leadership criteria each studeunst:
i Take some formal instruction on leadership
ii. Propose and demonstrate a leadership experience
iii. Submit a short report on the experience.
Leadership instruction is necessary in order ferstudent to gain the skills necessary to be actife
leader. If a student had already demonstrated tehigein some role or activity and submitted a repo
documenting the experience, then this requiremauidde waived. The course/workshop should
have the following objectives: Students will beeatd-
Demonstrate the ability to communicate leadershipiedge verbally and in writing.
Critically examine, explore, and evaluate the usefss of leadership concepts.
Demonstrate effective team leadership skills.
Regularly assess one’s knowledge base and skilts,saek additional information to build
leadership capability.
Recognize and value the role of life-long learnisglf-assessment, and critical thinking in
leadership development.

AR NN
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e Multi-Disciplinary Education Students obtain a minor or second major outsidie ¢#mgineering discipline.
The student submits a form to the Director of Epgiing Education documenting completion of this
criterion. Students are multi-disciplinary if thgyow academically in areas outside their engimeeri
majors. To satisfy the multi-disciplinary experieneach student will obtain a minor or second major

3. Results of Implementation/Lessons Learned
As the program has only been officially in placacs Fall of 2007, the full implementation resulte aot yet
complete. However, progress so far has made evafew key points: students see program valuegstscdchoose
as opportunities arise and marketing and advisiagrucial.

3.1 Students See Program Value

Typically when students are required to changesthédents resist the change. Especially, when threradditional
requirements on the students. However, with therieey of 2020 program, little resistance has bdmeived. This
may be due to student perceived value of the prognadue to lack of knowledge of the program asdntpact on
their graduation. As previously mentioned, studesmt® start in the Fall of 2007 are required to clatgthe
program. However, students who matriculated prothie Fall of 2007 are not required to complete ghagram.
Several students who matriculated before Fall dd72@re participating in the program and completihg

requirements. Students who are required to comtietprogram are making progress.

3.2 Students Choose as Opportunities Arise

Students typically do not plan much in advanceopportunities present themselves, students wilr dtieir plans
to take advantage of opportunities that previougtye unavailable. As an example, when the econoas/ good,
most students expected to complete the cooperativeation or internship criteria. That was when thstsdents
with a reasonable grade point average could olat@iosition. Now these positions are more diffitalfind. On the
other hand, few students viewed themselves as atimgla global learning or study abroad criteriatihe
emergence of the Global Design Challenge (GDC) aowilable to students, more students consider lkbigaby
component a viable option. For more details abloeitGDC, please refer to Whitman et al. [7].
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3.2 Marketing and Advising are Crucial

Many students are not good agents of their acadprogress. Students are frequently unaware of rexpgnts to
complete their degree. Therefore, in implementingesv program, student awareness is vital to itcesg In
addition to student awareness, student advisorsearaiment staff must also be made aware of requénts and
opportunities. General sessions with students,hw@s and training for advisors and staff is resfllifThe more
students hear and see a program, the more awararthof its existence. The more they are awarig tfie more
they begin to understand its impact on their futéx® previously mentioned, students begin to seeattvantage of
such a program and how it can positively impacirtbareer. Presented as a benefit instead of aehustudents
(and advisors) appreciate the program and strifimdonew avenues for its success.

4. Concluding Remarks

With rapid changes in technology and the globalrabf manufacturing and supply-chain, it is impam that
engineering curricula remain current. This contims process of curricula revision, in reaction soweell as in
anticipation of changes in the environment of pcacand the development of new knowledge, mustdoelacted
in a regular fashion. Several recent studies desmtified the characteristics of new engineers thedcontent of an
engineering curriculum. In response to these(bkege of Engineering at Wichita State Universigs developed
the Engineer 2020initiative. Under this initiative, students are participate in three out of the following six
identified activities: undergraduate research, evajive education or internship, global learningstudy abroad,
service learning, leadership, and multidisciplinaducation. This paper highlights this initiativehich has been
implemented beginning with Fall 2007, in more dstaiWe have also described some of the early tesuid
identified some lessons learned.
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