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About This Series

by Edward Zlotkowski

The following volume, Projects That Matter: Concepts and Models for Seruice-
Learning in Engineering, represents the 14th in a series of monographs on ser-
vice-learning and academic disciplinary areas. Ever since the early 1990s,
educators interested in reconnecting higher education not only with neigh-
boring communities but also with the American tradition of education for
service have recognized the critical importance of winning faculty support
for this work. Faculty, however, tend to define themselves and their responsi-
bilities largely in terms of the academic disciplines/disciplinary areas in
which they have been trained. Hence, the logic of the present series.

The idea for this series first surfaced late in 1994 at a meeting convened
by Campus Compact to explore the feasibility of developing a national net-
work of service-learning educators. At that meeting, it quickly became clear
that some of those assembled saw the primary value of such a network in
its ability to provide concrete resources to faculty working in or wishing to
explore service-learning. Out of that meeting there developed, under the
auspices of Campus Compact, a new national group of educators called the
Invisible College, and it was within the Invisible College that the monograph
project was first conceived. Indeed, a review of both the editors and contrib-
utors responsible for many of the volumes in this series would réveal signif-
icant representation by faculty associated with the Invisible College.

If Campus Compact helped supply the initial financial backing and
impulse for the Invisible College and for this series, it was the American
Association for Higher Education (AAHE) that made completion of the proj-
ect feasible. Thanks to its reputation for innovative work, AAHE was not only
able to obtain the funding needed to support the project up through actual ~
publication, it was also able to assist in attracting many of the teacher-
scholars who participated as writers and editors. AAHE is grateful to the
Corporation for National Service-Learn and Serve America for its financial
support of the series.

Three individuals in particular deserve to be singled out for their contri-
butions. Sandra Enos, former Campus Compact project director for
Integrating Service With Academic Study, was shepherd to the Invisible
College project. John Wallace, professor of philosophy at the University of
Minnesota, was the driving force behind the creation of the Invisible College.
Without his vision and faith in the possibility of such an undertaking,
assembling the human resources needed for this series would have been
very difficult. Third, AAHE's endorsement — and all that followed in its wake
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— was due largely to then AAHE vice president Lou Albert. Lou’s enthusiasm
for the monograph project and his determination to see it adequately sup-
ported have been critical to its success. It is to Sandra, John, and Lou that the
monograph series as a whole must be dedicated.

Another individual to whom the series owes a special note of thanks is
Teresa E. Antonucci, who, as program manager for AAHE’s Service-Learning
Project, has helped facilitate much of the communication that has allowed
the project to move forward.

The Rationale Behind the Series

A few words should be said at this point about the makeup of both the gen-
eral series and the individual volumes. Although engineering may seem an
unusual choice of discipline with which to link service-learning, focused as
it is on highly technical questions of design and structure, “natural fit” has
not, in fact, been a determinant factor in deciding which disciplines/inter-
disciplinary areas the series should include. Far more important have been
considerations related to the overall range of disciplines represented. Since
experience has shown that there is probably no disciplinary area — from
architecture to zoology — where service-learning cannot be fruitfully
employed to strengthen students’ abilities to become active learners as well
as responsible citizens, a primary goal in putting the series together has
been to demonstrate this fact. Thus, some rather natural choices for inclu-
sion — disciplines such as anthropology, geography, and religious studies —
have been passed over in favor of other, sometimes less obvious selections
from business, science, and technology as well as several important inter-
disciplinary areas. Should the present series of volumes prove useful and
well received, we can then consider filling in the many gaps we have left this
first time around.

If a concern for variety has helped shape the series as a whole, a con-
cern for legitimacy has been central to the design of the individual volumes.
To this end, each volume has been both written by and aimed primarily at
academics working in a particular disciplinary/interdisciplinary area. Many
individual volumes have, in fact, been produced with the encouragement
and active support of relevant discipline-specific national societies.

Furthermore, each volume has been designed to include its own appro-
priate theoretical, pedagogical, and bibliographical material. Especially with
regard to theoretical and bibliographical material, this design has resulted in
considerable variation both in quantity and in level of discourse. Thus, for
example, a volume such as Accounting contains more introductory and less
bibliographical material than does Composition — simply because there is
less written on and less familiarity with service-learning in accounting.

"B § ENGINEERING -



However, no volume is meant to provide an extended introduction to ser-
vice-learning as a generic concept. For material of this nature, the reader is
referred to such texts as Kendall’'s Combining Service and Learning: A Resource
Book for Community and Public Service (NSIEE 1990) and Jacoby's Service-
Learning in Higher Education (Jossey-Bass 1996).

I would like to conclude with a note of special thanks to the volume’s
editor, Edmund Tsang, whose dedication to a vision of socially responsive
engineering deserves the gratitude not only of his engineering colleagues
but also of the communities that benefit from their enlightened expertise.

March 2000
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Introduction

~ by Edmund Tsang

Most engineering educators appreciate the value of experiential education
where students learn through the experience of applying the theoretical
knowledge and skills they have gained in the classroom. These educators
realize that the more like the real world the learning environment is, the
more students learn in depth and in breadth.

Experiential education takes many forms in the undergraduate engi-
neering curriculum: They range from formal internship/cooperative experi-
ences to undergraduate research experiences, project-based coursework,
laboratory experiences, and field trips. With such a cornucopia of pedagogies
already available to engineering faculty, does service-learning deserve seri-
ous consideration as engineering faculty members ponder the question of
how best to prepare engineering undergraduates for the 21st century; in par-
ticular, how to help them meet the performance outcomes described in
Engineering Criteria 2000 (ABET 1998)?

Engineering Education for the 21st Century

A paradigm shift is taking place in undergraduate engineering education,
with the inclusion in the curriculum of the objective of helping students
develop what some have called “softer skills.” Citing the end of the Cold War,
a global economy, and information technology, a joint report of the
Engineering Deans Council and the Corporate Roundtable of the American
Society for Engineering Education (1994) asks engineering educators to “reex-
amine their curricula and programs to ensure they prepare students for the . .
broadened world of engineering work” (5). That Green Report, Engineering
Education for a Changing World, also asks colleges of engineering to accelerate
implementing programs that help engineering undergraduates develop these
softer skills to meet the challenges of the 21st century. They include team
skills such as collaborative active learning; communication skills; leadership;
an understanding and appreciation of the diversity of students, faculty, and
staff; an appreciation of different cultures and business practices; the under-
standing that the practice of engineering is now global; and understanding of
the societal, economic, and environmental impacts of engineering decisions.
The importance of these softer skills is also stressed in a 1996 National
Science Foundation report that identifies them as “ancillary” to the success of
future SMET (science, mathematics, engineering, and technology) graduates.
Engineering Criteria 2000 (ABET 1998), the accreditation criteria estab-
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lished by the Accreditation Board for Engineering and Technology (ABET),
formalize the incorporation of these softer skills into the undergraduate cur-
riculum. The criteria require engineering programs to demonstrate that
their graduates have, among other competencies, an ability to function on
multidisciplinary teams; an understanding of professional and ethical
responsibility; an ability to communicate effectively; the broad education
necessary to understand the impact of engineering solutions in a global and
societal context; and a knowledge of contemporary issues.

The next few sections of this introduction define service-learning and
present some arguments for its integration into the engineering curriculum
as one important strategy for educating undergraduates to meet the societal
needs and challenges of the 21st century.

What Is Service-Learning?

Although service-learning has received relatively little attention in the engi-
neering disciplines, it has been well established in the social sciences, and in
disciplines in which clinical experience represents an important part of the
learning process.! A large-scale study by A.W. Astin and LJ. Sax (1998) of the
impact that participation in community service projects has on undergrad-
uate student development has shown that such participation substantially
enhances a student’s academic learning, life-skill development, and sense of
civic responsibility. In engineering, service-learning has the potential to help
students gain the skills necessary for lifelong learning and for practicing
engineering in a manner cognizant of professional and civic responsibilities.

A primer on service-learning edited by B. Jacoby and Associates (1996)
defines this pedagogy as “a form of experiential education in which students
engage in activities that address human and community needs together
with structured opportunities intentionally designed to promote student
learning and development. Reflection and reciprocity are key concepts of
service-learning” (5).

The importance of reflection is rooted in the fact that

learning and development do not necessarily occur as a result of experi-
ence itself but as a result of a reflective component explicitly designed to
foster learning and development. Reflection should include opportunities
for participants to receive feedback from those persons being served, as
well as from peers and program leaders. (6)

In service-learning, the goal of reflection is “to promote learning about.the
larger social issues behind the needs to which [student] service is respond-
ing. This learning includes a deeper understanding of the historical, socio-
logical, cultural, economic, and political contexts of the needs or issues

2 ENGINEERING 11 -



being addressed” (7).
As for reciprocity, it implies a new, more equal approach to academy-
community partnering:

[T]he needs of the community, as determined by its members, define what
the service tasks will be. Service-learning avoids placing students into com-
munity settings based solely on desired student learning outcomes and
providing services that do not meet actual needs or perpetuate a state of
need rather than seeking and addressing the causes of need. Through reci-
procity, students develop a greater sense of belonging and responsibility as
members of a larger community. Community members being served learn
how to take responsibility for their own needs and become empowered to
develop mechanisms and relationships to address them. (7)

Neither of these concepts, however, should be seen as in any way com-
promising the academic seriousness of the service undertaking. According
to J. Howard (1993), editor of the peer-reviewed Michigan Journal of Community
Service Learning, service-learning also should embody 10 best practices:

1. Academic credit is for learning, not for service;

2. Do not compromise academic rigor;

3. Set learning goals. for students;

4. Establish criteria for the selection of community service placements;

" 5. Provide educationally sound mechanisms to harvest the community
learning; o

6. Provide supports for students to learn how to harvest the community
learning;

7. Minimize the distinction between students’ community learning role
and the classroom learning role;

8. Rethink the faculty instructional role;

9. Be prepared for uncertainty and variation in student learning out- _,

comes; and

10. Maximize the community responsibility orientation of the course. (3-7)
Building on these suggestions, we can identify four steps as essential to
service-learning projects in engineering (Tsang, Martin, and Decker 1997).
Faculty must:

1. Identify a community need that matches course learning objectives;
form a partnership;

2. Create and implement a solution;

3. Evaluate that solution for continuous improvement; and

4. Engage students in structured reflection. (1)

INTRODUCTION 3
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Why Service-Learning?

Any definition of engineering would include “service to society” or “meeting
societal needs” as a goal of the profession. In the 21st century, the challenges
engineers face in using technology to meet societal needs and human aspi-
rations are substantial. The more obvious domestic needs include

* rebuilding a decaying urban infrastructure;

» developing sustainable development;

» improving K-12 education, particularly mathematics, science, and
technology instruction; and

» fighting pollution that impacts more heavily on those in the lower
socloeconomic class.

As a result of the devolution of power from the federal to the state and
municipal governments, local communities are increasingly called on to
address these needs themselves, despite their lack of expertise and
resources. Meanwhile, on a global level, other fundamental needs call out
for attention. These include

» supplying food, clean water and air, and energy for an increasing
world population;

» protecting ecosysters; and

» fighting pollution that transcends national boundaries.

As society attempts to meet these and other needs during the coming
decades, the contribution of engineers cannot be underestimated — not just
because of the special knowledge and skills they bring to the problem-solv-
ing process. As C.P. Snow noted in his famous essay “The Two Cultures”
(1956), scientists, and by inference engineers, possess a special kind of moral
authority:

But the greatest enrichment the scientific culture could give us is — though
it does not originate like that — a moral one. Among scientists, deep-
natured men know, as starkly as any men have known, that the individual
human condition is tragic; for all its triumphs and joys, the essence of it is
loneliness and the end death. But what they will not admit is that because
the individual condition is tragic, therefore the social condition must be trag-
ic, too. Because a man must die, that is no excuse for his dying before his
time and after a servile life. The impulse behind the scientists drives them
to limit the area of tragedy, to take nothing as tragic that can conceivably lie
within men’s will. . . . It is that kind of moral health of the scientists which,
in the last few years, the rest of us have needed most; and of which, because
the two cultures scarcely touch, we have been most deprived. (414)

But future engineers will need more than technical knowledge and skills
to assume the moral leadership required to meet the challenges of the 21st

i &
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century. Because solutions to many societal problems require extensive
interaction and communication with people of diverse social, cultural, and
economic backgrounds, the engineer of the future will also have to have, in
the words of Engineering Criteria 2000, “an ability to communicate effective-
ly” and “an ability to function on multidisciplinary teams.”

Thus the challenge facing engineering education today revolves around
the development of pedagogical approaches not limited to the inculcation of
technical knowledge and skills. The Green Report of ASEE (1994) clearly
states that “with technology playing a growing role in both professional and
public policy decisions, it 1s important that engineers are prepared to partic-
ipate actively in decision-making processes” (1). This, in turn, implies that
engineers will need to be sensitive to the power relationships inherent in the
implementation of technological solutions (for example, who pays and who
gains), and have empathy with those groups potentially affected in a nega-
tive way by technological decisions. Thus, Engineering Criteria 2000 requires
engineering programs to demonstrate that their graduates have “the broad
education necessary to understand the impact of engineering solutions in a
global and societal context,” “a knowledge of contemporary issues,” and “an
understanding of professional and ethical responsibility” (ABET 1998).

It is in meeting the learning objectives in educating engineering under-
graduates for the 21st century — those described in Engineering Criteria 2000
— that service-learning distinguishes itself from other forms of experiential
education. By engaging in thoughtfully organized “activities that address
human and community needs together with structured opportunities inten-
tionally designed to promote student learning and development” (Jacoby
1996: 5), engineering students have an opportunity to interact with highly
diverse populations and so can better develop their abilities-“to function on
multidisciplinary teams” and “to communicate effectively” (ABET 1998).

Through reflecting on the service experience they can develop “a deeper .

understanding of the historical, sociological, cultural, economic, and politi-
cal contexts of the needs or issues being addressed” (Jacoby 1996: 7) and
learn to appreciate “broad education necessary to understand the impact of
engineering solutions in a global and societal context” (ABET 1998).
Furthermore, by respecting the reciprocity central to service-learning — a
reciprocity that ensures that “the needs of the community, as determined by
its members, define what the service tasks will be” — they will “develop a
greater sense of belonging and responsibility as members of a larger com-
munity” (Jacoby 1996: 7) and “an understanding of professional and ethical
responsibility” (ABET 1998).

Nor should we underestimate the faculty appeal of such multidimen-
sional education. According to the late Ernest L. Boyer (1990), many faculty
“are drawn to [higher education] precisely because of their love for teaching

14‘ INTRODUCTION 5
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or for service — even for making the world a better place” (xii). For such fac-
ulty, with their commitment to helping their students develop a sense of
community and citizenship, service-learning can serve as an especially
effective pedagogy.

Finally, it seems clear that society too will gain considerably if more
engineering faculty begin to integrate service projects into their course
designs, since so many societal problems require the kind of special knowl-
edge and skill engineers possess. Faculty who sponsor such projects can be
said to engage in what Peters, Jordan, and Lemme (1999) have called “public
science” — or, in this case, “public engineering” — “a form of public scholar-
ship [that] calls on scientists to enter into partnerships with citizens from
other professions or sectors in work that closely links knowledge creation
with public problem solving and policy-making” (34).

“At no time in our history has the need been greater for connecting the
work of the academy to the social and environmental challenges beyond the
campus,” Boyer wrote in Scholarship Reconsidered (1990: xii). Service-learning
answers this need by connecting student learning with the real-world chal-
lenges of the local societal environment. In doing so, it explicitly answers the
ASEE Green Report’s (1994) call for broadening the community base that
engineering colleges reach out to: “A key element in the success of these
efforts [engineering education in a changing world] will be partnerships:
partnerships not only with industry, but with K-12 schools, community col-
leges, the broader university community, government, and among engineer-
ing colleges” (3).

Volume Contents

The purpose of this monograph is not only to serve as a practical guide for
facuity seeking to integrate service-learning into an engineering course but
also to examine larger issues of engineering education, the mission of high-
er education in an increasingly technologically oriented society, and the role
of service-learning as a catalysis for program reform and educational
enhancement. As contributions to a volume in the American Association for
Higher Education’s Series on Service-Learning in the Disciplines, the essays
in this monograph have been selected because of both their authors’ expe-
rience in using service-learning and their relevance to issues of concern to
engineering educators.

Compared with the others in the AAHE series, this volume reflects less
emphasis on service-learning theory — in part because service-learning in
engineering is still relatively new and in part because of the temperament
and professional training of the engineering contributors. As one reviewer
put it during the peer-review phase of putting the volume together: “The

6 ENGINEERING
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audience for this monograph is the -engineering education community —
that community will expect practical applications of the theory that will
lead to improved engineering education.” Nevertheless, though each con-
tributing author makes the case for service-learning explicitly in its poten-
tial to meet specific performance outcomes identified in Engineering Criteria
2000, implicitly the contributors, individually and collectively, raise ques-
tions that go to the heart of engineering education and the role of institu-
tions of higher education.

The volume is organized into three parts. Part I deals with larger issues
of integrating and sustaining service-learning in engineering. Part Il provides
detailed case studies of service-learning courses and reflections by their
instructors. Part III makes available additional resources of value to engi-
neering faculty wishing to adapt and implement service-learning.

Gerald Eisman opens the first essay of Part I with a quotation that
reminds us of questions often raised by faculty members in the humanities
about the higher purposes of a university education: “There is one quality
more important than ‘know-how. . .. This is ‘know-what’ by which we deter-
mine not only how to accomplish our purposes, but what our purposes are
to be.” Eisman answers questions related to “know-what” by asserting that
“as educators of future technology specialists, we must concern ourselves
with the preparation of students who fully understand the broad impact of
technology on our communities.” Eisman then gives a personal account of
his work with students in designing information systems for community
partners in the San Francisco Bay area, thereby making the case that ser-
vice-learning

offer[s] opportunities to prepare students for the actual work of applying
technology to the “human” problems of the real world while providing sig-
nificant lessons in the skills and knowledge required of a technology pro-
fessional. Thus, properly implemented, these teaching methodologies can
add to discipline-specific learning without taking anything away.

It should be noted that the volume makes no attempt to hide the chal-
lenges and obstacles involved in successfully integrating and institutional-
izing service-learning as an agent for educational reform. In Part I's second
essay, | myself identify several challenges and obstacles common to this
work — challenges related to issues such as scheduling, the “professional”
level of services provided by the students, and liability. This essay also looks
at the difference between service-learning design projects and the kinds of
community-based design projects commonly found in undergraduate engi-
neering programs. | argue that the difference — which rests in the reflective
component of service-learning — makes service-learning particularly valu-
able in addressing such EC 2000 outcomes as “understand[ing] the impact of

16 INTRODUCTION 7



engineering solutions in a global and societal context” and “understanding
.. . professional and ethical responsibility” In other words, because of the
training, temperament, and preferences that characterize engineering
methods of inquiry, the reflection service-learning entails represents both a
major challenge and a special benefit.

This challenge is explicitly addressed by Jennifer Moffat and Rand
Decker in the following essay, which offers a faculty guide to conducting ser-
vice-learning reflection in engineering. The authors suggest that “becoming
aware of one's own reflection experiences and recognizing the reflection
techniques already present in one’s routine” can serve as a foundation for
“experiences to draw on while engaging students in service-learning reflec-
tion” They also offer concrete examples of service-learning reflection activ-
ities and tools.

The next essay in Part [, by Peter T. Martin and James Coles, discusses the
institutional challenges that sustaining service-learning entails. The authors
raise issues such as the faculty reward structure and faculty mentoring, and
offer a workable way to proceed with criteria for evaluating faculty mem-
bers engaged in service-learning as well as a mentoring guide for faculty
members new to service-learning. The authors also contrast the subject-
based learning inherent in the traditional lecture-format course with the
problem-based learning favored by service-learning, and offer suggestions
about the instructor’s role in a problem-based learning environment. The
essay includes a step-by-step plan for institutionalizing service-learning at
both the departmental and the college levels.

Part I concludes with an essay by Rand Decker that addresses the
“know-what” question raised in the first essay of Part I. its author notes:

One of the many desired end products of service-learning is a population of
socially aware professionals who will set aside a portion of their practice to
meet recognized community needs; that is, engage in acts of professional
activism.

Decker sees “professional activism” as one effective way to address

a shift away from public sector entitlements as the dominant mechanism
for meeting our society’s civic responsibilities . . . [and] filling the resulting
void with an institutionalized, private sector response is one of the only
alternatives we have.

Decker proposes a model for implementing professional activism that
involves campus-based community service centers, local chapters of profes-
sional engineers’' associations, and community service organizations.
Together they can address “the epidemic disconnect between universities,
their communities, and their alumni.”

“oa
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Part II consists of seven essays that offer detailed case studies of inte-
grating service-learning in a wide range of courses commonly found in
engineering programs. Several common threads run through these essays
so they can also serve as a practical guide to engineering faculty members
interested in implementing service-learning. Each contributing author
describes how one can identify appropriate community partners and match
community needs to course learning objectives; provides detailed informa-
tion about his or her course(s) and its service-learning objectives and proj-
ects; describes methods for student assessment; and presents assessment
results. But each author in Part II also makes a distinctive contribution to
the pedagogy of service-learning in engineering by offering his or her
unique observations and perspective as an experienced service-learning
practitioner.

Edward J. Coyle and Leah H. Jamieson of Purdue University begin Part II
with an essay describing their institution’s Engineering Projects in
Community Service (EPICS). The uniqueness of EPICS lies in the vertical inte-
gration of the design team and projects that are both multidisciplinary and
capable of providing long-term design experience. The transportability of
EPICS is demonstrated in the fact that other engineering programs have suc-
cessfully adopted it; e.g., Notre Dame University and lowa State University.

In the next essay, John Duffy describes how he integrates service-learn-
ing into seven courses at the undergraduate and graduate levels in a solar-
energy program in mechanical engineering with projects varying from
mandatory to elective, from 10 percent to 100 percent of the course grade.
Although a capstone design course may seem like the logical place to incor-
porate service-learning, Duffy’s essay has much to offer to faculty in demon-
strating how service-learning can be incorporated into any upper-division -
lab course that has, as one of its learning objectives, uncertainty analysis
involving field measurements or that includes selection of sensors, design of
experiment, or hypothesis testing intended to teach students “how to per-
form field measurements in a ‘messy’ environment and how to estimate the
accuracy of their results.”

In his essay, Duffy also addresses the question: “Should service-learning
projects be mandatory or elective?” and reviews the current literature on
this debate. Finally, toward the end of his essay, he takes a measure of ser- -
vice-learning’s potential impact in suggesting that

It is perhaps unrealistic to expect that basic attitudes toward the causes
and solutions to societal problems would change after one relatively small
project. Indeed, one could infer from these results that several courses with
service-learning projects are needed to bring about significant, consistent
changes in attitudes.
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C. Dianne Martin describes in her essay how service-learning and social
impact analysis can be combined to address the recent emphasis on the eth-
ical and social impact of computer technology. As a result of their service-
learning projects, students

were able to relate the abstract social impact and ethical issues studied in
the course to real-world sites. The students had to devise data-collection
strategies that were not obtrusive or overly time-consuming for the sites
involved. They had to be sensitive to the dignity and privacy of their clients.

Martin cites scheduling as one difficulty in implementing service-learning
projects, and admits that finding client sites for SIA projects was time-con-
suming. She suggests that this type of project “is best done with small class-
es (fewer than 30 students) or in a team-teach environment.”
Course-specific essays contributed by me and by Marybeth Lima
describe the integration of service-learning into first-year engineering
design courses in mechanical engineering and biological engineering,

" respectively. Lima notes that

[W]hile interactive, student-centered learning opportunities are valid and
available via industry-sponsored projects, completing a community service
project is critical for developing civic awareness and social responsibility,
two elements that are often overlooked in engineering education.
Emphasizing the social component of engineering may enhance the attrac-
tiveness of the engineering discipline, particularly for women and
minorities.
According to Lima, in a world that is increasingly dependent on technology,

engineering must address social issues and fully interface with society in
order to be a vitai, positive influence. . . . The narrow focus on technical
aspects of problem solving and the accompanying “conquer nature” para-
digm have created other problems. . . . [Instead, we must embrace] social
engineering as solving problems and/or achieving goals in the context of
society while neutrally or positively affecting the planet and its inhabi-
tants. This dimension must be considered in the engineering discipline if we
are to avoid the dire consequences that will occur as a result of our cur-
rently narrow focus.

Regarding student assessment, I argue in my essay that much can be
learned using a qualitative approach rather than a quantitative approach
(e.g., pre- and postservice surveys based on Likert-like scales) to measure the
impact of service-learning on student development. I also identify several
obstacles and challenges to partnering with K-12 teachers that have arisen
in a service-learning course I offer in which first-year engineering students

ol
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design and produce hardware and software to meet the instructional needs
and specifications of K-12 teacher-clients. I recommend that engineering
instructors “meet with teacher-partners prior to the actual course in order to
... ensure that the teachers' classroom needs really do accommodate the
course’s learning objectives. Sometimes the needs of the teacher-partners
can be better met by a ‘technician’ than an ‘engineer’” I also discuss the
objection and challenge to service-learning offered by a philosophically very
conservative student.

Next, Peter T. Martin describes the integration of service-learning into
five courses focused on transportation, water, and environmental engineer-
ing. Thanks to the particular nature of civil and environmental engineering,
Martin argues, service-learning effectively introduces engineering students
to the fact

that the promotion and selection of an infrastructure project has a political
dimension from the outset. More important, they learn that as engineers,
they have a responsibility to contribute to the political process. They learn
that engineers who abrogate this component of their professional responsi-
bility diminish their leadership status, reducing their role to simply provid-
ing technical support. . .. Students learn about the political power of neigh-
borhood councils, activist groups, and city council members and why these
groups may influence decisions more than city engineers. They learn about
citizenship, but not from a class called Citizenship.

The first six cases presented in Part II emphasize the engineer-client
aspect of the service-learning project, whereas the program described by
David Vader and his colleagues emphasizes the use of service-learning to
teach students in such a way that “their professional character and conduct
are consistent with Christian faith commitments” These authors answer the
larger question of “know-what” in engineering education from the perspec-
tive of a faith-based institution as they describe the role of service-learning
in developing “responsible engineering.” In doing so, they ask:

Is technique the principal responsibility of engineers, the material working
out of objectives defined and supplied by others? Or are engineers also
responsible, in view of our special knowledge, to create and use technolo-
gies in ways that preserve, honor, and advance prevailing social, political,
and economic values?

Part III of the volume provides additional resources to support faculty
members learning about service-learning, and consists of two essays and a
bibliography. Richard Ciocci describes the experience of integrating service-
learning in a community college setting, whereas Susan Lord summarizes
her thoughts on implementing service-learning for the first time. The vol-
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ume concludes with a short, annotated bibliography in which the selected
items possess the virtue either of being easy to use or effectively addressing
how to prepare engineering undergraduates for the changing world of the
21st century, or of being inspirational.

Note

1. Private communication with Campus Compact staff. In a Campus Compact 1998
survey, 11,800 service-learning courses were reported by 575 member campuses.
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What | Never Learned in Class:
Lessons From Community-Based Learning

by Gerald S. Eisman

There is one quality more important than “know-how.”. . . This is “know-
what” by which we determine not only how to accomplish our purposes,
but what our purposes are to be.

— Norbert Wiener (1954: 250)

-t Back when my generation learned to program, and Norbert Wiener and oth-
: S ers were developing the foundations of cybernetics, few had the foresight to
: envision a future where information technology would be central to daily
life. We studied computer science and engineering with the expectation that
the systems we worked on would primarily serve corporate and military
clients. Look at what has occurred, however. The information technology
revolution has made information systems central to all areas of our lives. As
educators of future technology specialists, we must concern ourselves with
preparing students who fully understand the broad impact of technology on
our communities.

Most faculty in technology disciplines would agree with the importance
of this preparation, but there is great disagreement on how the. technology
curricula can be modified to incorporate lessons in social impact. On the one
hand, professional societies and accreditation agencies are calling for the
inclusion of coursework in ethical considerations and the social implications
of these disciplines. On the other, the general attitude of technology faculty
1s that these questions are important but should be raised somewhere else
in the college curriculum.

In this essay, I will make the case that the pedagogies of community-
based learning and service-learning offer opportunities to prepare students
for the actual work of applying technology to the “human” problems of the
% real world while providing significant lessons in the skills and knowledge
y required of a technology professional. Thus, properly implemented, these
teaching methodologies can add to discipline-specific learning without tak-
ing anything away. I will make this case with two examples of information
system design projects that I worked on with my students in the San
Francisco Bay area. In these endeavors we learned a lot about the interac-
tion between technological systems and the people who would use them. It
is my contention that our students — the future specialists responsible for
designing and developing such systems — will be best served by having aca-
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demic experiences that introduce them to the complexities of applying tech-
nology to community life.

The Case for Modifying the Curriculum

A growing body of literature justifies the inclusion of community-based and
service-learning in technical disciplines such as computer science and engi-
neering. This literature takes a variety of approaches, with most focusing on
the moral imperative of preparing computing professionals to be aware of
the ethical and social impact of their actions. Here are representative exam-
ples.

The We-Must-Avoid-the-Division-of-Society-Into-the-Haves-vs.-Have-
Nots Argument: Perhaps this argument is best justified through reference to
U.S. government studies on technology distribution. In 1997, the National
Telecommunications and Information Administration (NTIA) updated its
report on the “digital divide,” the great disparity in use of the information
technology infrastructure by various ethnic and income groups. In “Falling
Through the Net II" (1997) the NTIA reports:

Despite [a] significant growth in.computer ownership and usage overall,
the growth has occurred to a greater extent within some income levels,
.demographic groups, and geographic areas, than in others. In fact, the “dig-
ital divide” between certain groups of Americans has increased between
1994 and 1997 so that there is now an even greater disparity in penetra-
tion levels among some groups. There is a widening gap, for example,
between those at upper and lower income levels. Additionally, even though
all racial groups now own more computers than they did in 1994, Blacks
and Hispanics now lag even further behind Whites in their levels of PC-
ownership and on-line access.

The We-Must-Prepare-Students-to-Adopt-a-Code-of-Professional-Ethics
Argument: A collection of professional society codes of ethics can be found at
the website of the Online Ethics Center for Science and Engineering
<http://ethics.cwru.edu>. Among these we find the following:

The Association of Computing Machinery (ACM) Council adopted its
Code of Ethics and Professional Conduct in 1992. Section 1 of the code
speaks to “general moral imperatives” that all ACM members must commit
to. These include:

1.1 Contribute to society and human well-being.

1.2 Avoid harm to others.

1.3 Be honest and trustworthy.

1.4 Be fair and take action not to discriminate.

1.5 Honor property rights including copyrights and patent.
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1.6 Give proper credit for intellectual property.
1.7 Respect the privacy of others.
1.8 Honor confidentiality.
In Principle 1.4, the document expands on the issue of fairness:

Inequities between different groups of people may result from the use or
misuse of information and technology. In a fair society, all individuals
would have equal opportunity to participate in, or benefit from, the use of
computer resources regardless of race, sex, religion, age, disability, nation-
al origin or other such similar factors.

The Institute of Electrical and Electronics Engineers Code of Ethics,
adopted in 1990, is quite similar. And in his paper on “Service-Learning and

Engineering Ethics” (1998), Michael Pritchard concludes

Although the National Society of Professional Engineers [NSPE] (1996) and
the American Society of Civil Engineers [ASCE] (1996) provisions are rather
broadly stated, they do provide a rationale for concluding that, at least
from the perspective of two major professional engineering societies, com-
‘munity service is an important feature of engineering ethics. (2)

The We-Must-Address-the-Requirement-of-Our-Accreditation-Boaids
Argument: The Computer Science Accreditation Commission has estab-
lished criteria for computer science programs. Under “Additional Areas of

Study” it states that:

IV-15. The oral communications skills of the student must be developed and
applied in the program.

IV-16. The written communications skills of the student must be developed
and applied in the program.

IV-17. There must be sufficient coverage of social and ethical implications
of computing to give students an understanding of a broad range of issues
in this area.

The Accreditation Board for Engineering and Technology (ABET) has
adopted the following criteria effective for the 1999-2000 accreditation cycle
for engineering technology programs. Under section 1.C.5.b. (General
Criteria; Curriculum Elements; Communications, Humanities, and Social

Sciences; Social Sciences/Humanities), one finds this statement:

It is important that the student acquire an appreciation and understanding
of our rich cultural heritage, the complexities of interpersonal relationships,
an understanding of the interrelationship between technology and society,
and a system of values essential for intelligent and discerning judgments.
(1998)
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It should be noted that this criterion falls under the heading of “Social
Sciences/Humanities.” Thus, the option remains that teaching about the
interrelationship between technology and society could occur in courses
outside technology proper.

Objections to Modifying the Curriculum

I would like to believe that these calls to address the social impact of tech-
nology would be sufficient to inspire our colleagues to embrace teaching
methodologies that address these goals. Unfortunately, many remain
unconvinced. The general attitude of technology faculty is well represented
by the following remarks made in a letter to the Communications of ACM in
response to an NSF-funded project calling for the infusion of ethics and
issues of social impact into the computer science curriculum:

The most glaring problem with the proposed, “Implementing a Tenth
Strand in the CS Curriculum” . . . is that the proposed subject matter is not
computer science. The content of the “strand” has no algorithms, no data
structures, no mathematical analysis, no computer architecture, neither
software development nov hardware design, no computer science theory. In
short, the content is devoid of every standard element present in computer
science research and education. . . .

A course in social and ethical impact of computing may be desirable, but
let us ask the philosophy, sociology, and public policy departments to teach
such courses. Etinterests, and doctoral degrees in ethics, not by computer
science professors pretending to be ethicists. . . .

Ethical and shics should be taught by faculty with experience, research
ocial concems may be important, but as debating the morality of nuclear
weapons is not doing physics, discussing the social and ethical impact of com-
puting is not doing computer science. (quoted in Herkert 1998: 20)

If this does indeed represent the general attitude of the technology pro-
fessoriate, then arguments for civic education within these disciplines may
well fall on deaf ears. Not surprisingly, in nearly 70 percent of the ABET- '
accredited institutions in one study, there was no ethics-related course
requirement for all students (Stephan 1998). When the results of this study
are normalized to account for the number of graduates per institution, near-
ly 80 percent of engineering graduates attend schools with no such ethics-
related course requirement. My own informal survey of local universities
(California State Universities, the University of California, and private
schools) elicited comments such as these:
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Off the record, we don’t do much with social impact or ethics here.

-Our 168 course is already stretched too thin in its current format. I'm a big
fan of community-based research, but even at our land-grant college, it
seems pretty rare.

Accreditation requirements are collegewide rather than at the department
level. I am not sure how seriously it is taken, since most is dealt with in a
course outside of the department.

As for myself, I think the idea of teaching people to be ethical by making
them take a course is highly suspect.

To strengthen the case for the value of community-based education we
must demonstrate that the lessons learned speak directly to the learning
outcomes of the professional disciplines. These lessons will not be “data
structures” and “algorithms,” but they do constitute valuable and significant
preparation for a technology professional.

Experiential Learning

Engineering and information technology faculty are no strangers to experi-
ential learning. We certainly embrace the notion that one cannot learn the
complexities of our disciplines without doing. Our course requirements are
replete with extensive laboratory assignments, and we wouldn't consider
graduating a student who had not demonstrated significant skill in the
design and development of sophisticated projects.

The eminent psychologist Carl Rogers (1969) explained the importance
of experiential learning this way:

Let me define a bit more precisely the elements which are involved in such
significant or experiential learning. It has a quality of personal involvement
— the whole person in both his feeling and cognitive aspects being in the
learning event. It is self-initiated. Even when the impetus or stimulus
comes from the outside, the sense of discovery, of reaching out, of grasping
and comprehending, comes from within. It is pervasive. It makes a differ-
ence in the behavior, the attitudes, perhaps even the personality of the
learner. It is evaluated by the learner. He knows whether it is meeting his
need, whether it leads toward what he wants to know, whether it illumi-
nates the dark area of ignorance he is experiencing. The locus of evaluation,
we might say, resides definitely in the learner. Its essence is meaning. When
such learning takes place, the element of meaning to the learner is built into
the whole experience. (5)
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Outside of our coursework proper, we also support experiential learning
opportunities in the corporate world. Most programs have a cooperative
education or internship component that allows students to earn academic
credit for professional experience. That experiential learning opportunities
such as these are more readily acceptable than are community-based expe-
riences stems from a sense that the corporate environment is richer in
technology, more advanced in the tools of the trade, so that a student
immersed in this environment will be enriched from exposure to the latest
technical trends. A community-based experience, on the other hand, as
complex as it may be in social issues, usually offers an antiquated or dys-
functional technical environment where students are more knowledgeable
than those they work with. What can be learned here? I would like to sug-
gest, quite a lot.

Learning Outcomes From Community-Based Learning

A variety of studies have recently appeared on changes in the attitudes of
students involved in community service (for example, Myers-Lipton 1996).
The majority of these studies have measured students’ commitment to
working in their communities after a volunteer experience, and their out-
comes consistently show that such students develop a greater empathy for
others and a greater sense of the importance of community involvement.
Fewer studies have been done on the cognitive and intellectual development
of service-learning students, but a recent book by Janet Eyler and Dwight
Giles (1999) explores the question of academic learning in a new way.

Studies documenting service-learning outcomes show that students
who perform service report that they “learn more” but that measures based
on grade-point average and course grades show inconsistent results.
However, Eyler and Giles argue that these measures are too narrow and that
there are dimensions to academic learning not available to traditional stu-
dents that service-learning addresses. In particular, they note that the ser-
vice students they studied had become “more thoughtful and effective,” that
they “had obtained a deeper, more complex understanding of issues and felt
more confident about using what they had learned.” The authors argue that
such a more complex understanding is a key outcome of the service-learn-
ing experience, and they set about to study it in detail. The instrument they
developed to do so, a preservice and postservice directed interview, can be
found in their text. In the end they conclude that

Students in classes where service and leahu'ng are well integrated through’
classroom focus and reflection are more likely to demonstrate greater issue
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knowledge, have a more realistic and detailed personal political strategy, and
_give more complex analysis of causes of and solutions to the problem. (81)

It should be noted that these positive results apply to courses where the
service-learning 1s done right, i.e,, is “well integrated.” When this is the case,
students demonstrate a greater understanding of the complexity of real-
world problems. As technology educators, we must ask: “Is such an outcome
important to the preparation of our students?”

Professional Preparation From Service Experiences

In this final section I will turn directly to the question of the significance of
the learning acquired through service. I will do this in a personal way — by
reflecting on the things I have learned from my own community involve-
ment. | have chosen three examples of information and computing system
design projects in which I have participated over the last few years: a domes-
tic violence tracking system, a shelter availability for the homeless system,
and a computer learning center for a public housing complex.

For very different reasons, the first two projects were never completed.
Nonetheless, they point to some of the many lessons to be learmed thréigh
the design of community-based systems — lessons concerning privacy and
security, concerning the importance and impact of technology on individuals,
and finally concerning the complexities of real-world problems. I include
these case histories for three reasons. First, I hope they will serve to illustrate
essential lessons that students need to learn about technology and commu-
nity. Second, I want to convey the notion that these lessons cannot be ade-
quately addressed 1n the classroom. And third, I want to suggest that these
lessons will not necessarily be addressed in coursework outside our disci-
plines. .
Domestic Violence Information System: [ begin with a grant proposal
developed with the City of San Francisco Police Department. In 1996, the us.
Department of Justice issued a request for proposals from local police and
judicial departments to apply for funds to improve the response and arrest
rate in domestic violence (DV) cases. Colleagues at San Francisco State
University had been involved in an earlier successful proposal to obtain lap-
tops for police cruisers in the city, and so we were invited to join the grant-
writing team composed of police officials, judges from the local civil and
criminal courts, representatives of the district attorney’s domestic violence
unit, jailers from the Sheriff's Department, and representatives of a network
of social service agencies focused primarily on supporting the victims of
domestic violence and their families. The team was excellent. The level of
cooperation amongst the members was tangible — all were deeply con-
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cerned and eager to address the problem areas.

As one can imagine, domestic violence situations in a large metropolitan
area such as San Francisco are frequent, dangerous, and highly complex. The
diversity of the city’s population, for example, required that different approach-
es be taken with groups accustomed to their own cultural norms. Domestic vio-
lence amongst homosexual couples was not uncommon and added an addi-
tional dimension to civic response. Compounding the difficulties of the situa-
tion was an antiquated information system that had serious shortcomings in
design, equipment, training, and use. Here is where I came in — as a consul-
tant on the proposal for a new information system to be funded by the grant.

Accompanied by computer science students, I spent considerable time
interviewing the many units of the criminal justice team involved in domes-
tic violence response. The system is elaborate and crosses both jurisdiction-
al and information system boundaries. The complexity of the system, not in
the technological sense but in the human sense, was something I have never
seen approximated in a classroom lesson.

Frequently, a DV incident begins with a 911 call. The call may be insti-
gated by the victim, the victim's family, or a neighbor who overhears an
altercation. The 911 call takers work as a pool adjacent to the pool of com-
puter-aided dispatchers (CADs). The call taker makes a critical first judg-
ment on the severity of the incident. She or he assigns a radio. code desig-
nating the type of incident and assigns a priority status depending on an
impression of the need for immediate response. Once this assignment is
made, the call is sent to dispatch. However, call takers do not always tag
cases as “DV,"” and unless they do so, this information is not automatically
recorded in the system where it can find a match with relevant court
records.

CADs work from a computer screen divided into four sections that pro-
vide the list of currently available patrol cars in the field, the prioritized list
of active 911 calls, the details of the current call being addressed by the dis-
patcher, and an area where the dispatcher can query the criminal justice
information system (called CABLE). However, because the dispatchers are
not sworn officers of the court, they are not authorized to perform searches -
of the system unless requested to do so.

The potential for danger at the scene dictates that the officers in the
field must make the critical judgment of what information they require to
deal with the situation at hand. Although the CABLE system provides “query
by location” functionality, the officers may not know that a prior call was
made from the same location the day before. They may also not know that
a “stay away” or “temporary restraining order” (TRO) has been issued for the
offender. The officer at the site may choose the typical approach of taking
the offender for a walk around the block to cool off. The victim, who has
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often received a threat of bodily harm (or death) if she or he speaks to the
officer, will frequently remain silent. The fact that the officer in the field has
not received the information concerning an existing TRO may result in a
critical and tragic error.

This is not the only gap in the system. Victims of spousal abuse may go
on their own initiative to a civil court to request a TRO. But the civil court
record system does not automatically share information with the criminal
justice information system, and so this crucial restraint may be lost. In addi-
tion, we found that officers who are called to a site on a DV case recorded
the information manually, essentially on index cards that were placed in a
card file at the station house. Thus, officers on the next shift who are called
to the same site might not even know that a response to the same location
occurred in the previous 24 hours. And at the jail, the sheriffs might not
know that the arrested abuser had been restrained from even calling the
spouse. Often, the abuser uses his or her “one call” both to place a threat and
to obtain bail money — an occurrence with tragic results.

Meanwhile, back at the courthouse, the assistant district attorney (ADA)
works diligently to keep up with an ever-growing and ever-challenging case-
load. The ADA we interviewed was completely dedicated to her work, and
while we were in her office we witnessed her taking several telephone calls
from victims who needed as much emotional as legal support. Naturally, our
Iinterests concerned the ADA’s link to the information system. She took us
down the hall to where the sole terminal available to her entire floor was
housed in a closet. Unfortunately, someone had borrowed the user’s manu-
al on providing queries to the system; the data transmission speeds were
slow; the security codes for access were written on a note posted on the wall;
the printer was broken. . ..

In our proposal we identified the following categories of problems in the

DV tracking system: Pertinent information was not being collected; infor- .

mation that existed was not being entered into the system; information
being entered was not being done so in a timely manner, information avail-
able in the system was not accessible to all who needed it; information read-
ily accessible was not being retrieved; retrieved information was not being
used properly.

Carl Rogers’s (1969) observation concerning “feelings and cognitive
aspects being in the learning event” was proven throughout the DV project.
One’s awareness that the information technology system one is designing is
critical takes on new meaning as one watches 911 operators handle incom-
ing calls, or witnesses an ADA comforting a victim of abuse, or hears the
exasperation in a judge'’s voice on the ineffectiveness of his court orders, or
senses the frustration of the police officers and jailers in dealing with an all-
too-frequent crime.
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» Watching the dispatchers work at their quad screens was a profound
experience in interface design. Were the quadrants large enough? Were they
placed in the proper position? Should certain functions (such as location
checks) be automated? Should the rules of access authorization be
reconsidered?

« Talking to the judges and police about the gap in information flow was
a profound experience in system design. What are the technical issues involved
in integrating the criminal justice information system with the civil court sys-
tem? What are the legal hurdles? What skills do the court officers and district
attorney'’s officers need in order to use the system properly?

* Speaking with officers in the field was a profound experience in system
presentation and performance. What information is critical? How fast should
the information be retrieved? How can performance be enhanced?

In my classes I routinely try to spice up lessons and assignments by
referring to actual experiences. However, it is one thing to write in a textbook
or laboratory exercise something like “the system you are designing may
affect the lives of thousands of individuals” and quite another to speak with
those who actually experience it. The former has little more impact than a
video game; the latter is all too real. It illuminates for students the com-
plexity of working in the real world and the many layers of issues that must
be taken into account when systems are designed.

‘Public Housing Complex Computer Learning Center: In this second
case, I describe a project that is ongoing. Whereas the previous example con-
cerned a project in which advanced students might become involved, this
project is more representative of the kind of community service one might
provide for beginning students.

Several years ago the university’s urban research center, the San
Francisco Urban Institute, began working together with the San Francisco
Public Housing Authority on plans for the full renovation of one of the hous-
ing complexes in the city, Hayes Valley. Hayes had been designated a

Campus of Learners by HUD, meaning that funding was available to create

a comprehensive learning environment that would address the needs of
youth and adult residents alike. The Resident Management Council, an ener-
getic and committed group of residents, had the foresight to request that the
common area of the new complex contain a computer learning center and
that each of the 108 apartment units in the complex be wired directly to the
center. The San Francisco Unified School District donated hundreds of used
486 computers to be installed at Hayes and other housing sites.

The university-community electronic communication project, SFSUnet,
has become the host for Hayes Valley Internet activities. SFSUnet had been
founded several years prior by university faculty to support the communi-
cation needs of local community-based organizations. SFSUnet provides
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dial-up access to nonprofit agencies, along with email accounts, websites,
online database support, asynchronous and real-time conferencing, and
more. SFSUnet is entirely staffed with computer science students as system
administrators, website developers, database developers, communication
facilitators, and the like. Over the years we have supported communication
tools for local community-based organizations, statewide art groups such as
the California Association of Local Art Agencies, the National Institute for
Art and the Disabled, and, most proudly, we hosted the first U.N.-sponsored
international online conference on earthquake preparedness.

SFSUnet has proven to be a wonderful vehicle for supporting the ser-
vice-learning activities of the Computer Science Department. Donations
from SUN Microsystems, Oracle, and Cisco have provided the necessary
hardware and software. The CS Department offers a course, CSc 695,
Computing in the Community, which enlists its students in support of com-
munity communication needs through SFSUnet. One semester, for example,
CSc 695 students built an elaborate website for a neighborhood organization
that contained information on news, recreation, jobs, police reports, and a
variety of other topic areas of neighborhood interest.

For the fall 1999 semester, service-learning students had been recruited
to inventory, test, and upgrade the computers that have been donate’ o
Hayes. Over a period of four weeks student teams had gone to the Housing
Authority warehouse to unpack the computers, determine what operating
system and software had been installed, what equipment was working, and
what was hopelessly gone. Working side by side with the students were res-
idents of Hayes, some of whom were knowledgeable about computers, and
others of whom needed some initial training to be effective.

One of the immediate problems that the students encountered had to
do with the lack of software licenses on the applications that came with the
donated equipment. Though the systems were configured similarly — same
processors, buses, memory, and peripherals — they varied greatly in the soft-
ware that had been installed. The question came up as to whether we
should copy the software from system to system to create a homogeneous
set. Certainly it would be desirable to start each unit off with a baseline set
of application software. But the students had just finished the section on
copyrights in our computing ethics text (Kallman and Grillo 1996), and I did
not want to solve this dilemma for the students. It was eventually resolved
by the computing center director, a Housing Authority employee, who said
that she had received a sizable donation of software from representatives of
Microsoft, and was sure that she could go back to them to obtain copies of
whatever we needed.

At one meeting I struck up a conversation with a resident about his
recent visit to a HUD-organized conference. His story was enlightening. HUD

32@ E1sman 23



ERIC

had put out a call for a resident initiative coordinator to be identified for
each site, and he had eagerly volunteered hoping to be in a position where
he could turn his and others' ideas into new activities at their site. After sit-

~ ting through three hours of a national HUD meeting where he did not get a

chance to speak, he came to the realization that the coordinator position
was not being created to coordinate resident initiatives, it was being created
to coordinate HUD initiatives that were to be imposed on the residents. After
another three hours, he realized that HUD basically did not believe that res-
idents could take any initiative on their own!

Having worked on this project, the students and I can attest to a vastly
different impression. The Hayes Valley Resident Management Council pro-
vided the initiative, creativity, and hard work needed to make the renovation
plans a reality. The experience changed our attitudes toward the capability
of housing residents. It is a lesson that I doubt we could ever have learned
in the classroom.

Conclusion

Are these significant lessons for technology students? In the sense that any
one would benefit from a better understanding of and respect for one’s com-
rhunity, low income or otherwise, certainly. But there were technical lessons,
too. For example, as the Hayes Valley computing project continues, students
are developing online resources specific to this community. The residents
will determine what they want in services — computer-based curricula to
obtain the minimal job skills needed to enter the workforce, resources on job
opportunities, health and child-care services, start-up businesses, commu-
nity discussions, and so on. Later on, students will be working as system
administrators, trainers, and online software development and support spe-
cialists to help make the project successful. They will be working on the
development of software tools that directly address community needs.

Indeed, we are already experimenting with the ArsDigita Community
Systemn developed by Philip Greenspun (1996) at MIT for building online
communities. Students are porting, installing, maintaining, and modifying
these tools. They are involved in designing, coding, and testing software in a
complex environment where the tools are not the latest and the clients are
not the most informed. They are honing their technical skills while address-
ing a critical community need. And perhaps most significantly, they are
gaining a full experience of the barriers between technology and those just
learning to use it. As they move into professional careers where their jobs
will entail bringing this technology to an ever-expanding market, they will
be well served by these valuable lessons.

¥
by
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Servicé-Learning as a Pedagogy for
Engineering: Concerns and Challenges

by Edmund Tsang

The idea of combining service with engineering design projects is not new.
In many mechanical or electrical engineering programs, senior capstone
design projects are based on providing assistive technology to meet the
needs of people with disabilities. However, these capstone design courses are
not service-learming courses (nor do the engineering faculty who teach them
regard them as such) for at least one important reason: Reflection, which is
an essential component of service-learning (Jacoby 1996), plays no formal
part in the students’ learning strategy. Furthermore, the service provided to
the community represents but a single episode in the students’ overall col-
lege experience. The multilevel learning potential of service has not been
integrated into the general course of studies. As a result, whatever social
benefit occurs can seem like an afterthought.

Given the thrust of recommendations contained in many recent reports
on engineering education reform, it should be obvious by now that “design-
across-the-curriculum” can be an effective strategy to achieve the curricu-
lar objectives described in those reports (ASEE 1994; NSF 1996). However, as
the essays contained in this volume serve to demonstrate, it should also be
obvious that service-learning can provide a meaningful context in which to
teach engineering design at all stages of a student’s academic development.
Coupling service-learning with design-across-the-curriculum thus offers an
innovative pedagogy to achieve the desirable student outcomes described by
the Accreditation Board for Engineering and Technology (ABET 1998) in its
publication Engineering Criteria 2000. ‘

This chapter will introduce the issue of reflection in engineering. It will
also discuss briefly several other challenges and concerns relating to ser-
vice-learning across the engineering curriculum.

Reflection

Reflection is that component of service-learning that distinguishes it from
traditional design projects. It is also that aspect of service-learning that
offers the greatest challenge to engineering faculty. Jacoby (1996) defines the
goal of student participation in reflection as

3o
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[promoting] learning about the larger social issues behind the needs to
which their service is responding. This learning includes a deeper under-
stdnding of the historical, sociological, cultural, economic, and political con-
texts of the needs or issues being addressed. (7)

This goal corresponds quite well with the student performance outcomes
described in ABET's Engineering Criteria 2000; namely, “knowledge of contem-
porary issues” and “the broad education necessary to understand the impact
of engineering solutions in a global and societal context” (ABET 1998). The
challenge is to find models and examples of reflection that are appropriate
for the engineering curriculum. :

Even though service-learning is much more developed in the humani-
ties and the social sciences, the methods used there to conduct reflection
offer little help as models for engineering, because they often ask students
to express feelings and emotions as the focus of the reflection process. A
cursory review of Jacoby's introduction to service-learning (1996) — yielded
the following entries linking reflection with feelings and emotions:

e Mark D. McCarthy states that it is important in “Postservice Reflection”
to bring participants together to “share emotions.” McCarthy cites one
example in which students talk about “the possible emotions they may
feel during and after their service experience,” and another example in
which students “explore their own thoughts and feelings.” (121)

e Cesie Delve Scheuermann describes one model of reflection in which the
student is asked, “How do I feel about what I see and hear? Why do I feel
this way?” (141)

e Suzanne D. Mintz and Garry W. Hesser state that “reflection should hap-
pen immediately after the [service-learning] experience to discuss . . .
feelings.” (31)

e Keith Morton advocates the use of journals for reflection because “a jour-
nal is a safe arena in which students can examine the emotions . . . that
may arise from service.” (286)

e Gail Albert cites an example of reflection in National Service programs in
which the journal kept by students “helps them express feelings.” (191)

Many of the methods used to structure reflection in the
humanities/social sciences disciplines find little resonance with engineering
faculty and students, because of their temperament and their preference for
logical, analytical, quantitative, and fact-based methods of inquiry. One pos-
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sible solution to developing appropriate reflection materials for service-
learning in engineering could lie in collaborations between engineering fac-
ulty and their colleagues in the humanities and social sciences — either to
identify existing course sequences that examine the historical, sociological,
cultural, economic, and political contexts of the interaction between tech-
nology and society, or to develop new, interdisciplinary courses that support
student learning about the larger social issues behind projects requiring
engineering expertise. In this way, the course materials developed would
address a specific curricular need outlined in Engineering Criteria 2000, 1.e.,
that of providing “the broad education necessary to understand the impact
of engineering solutions in a global and societal context” (ABET 1998).

A good model for cross-disciplinary scholarship on reflection in service-
learning is the NSF-sponsored Workshop to Develop Numerical Problems to
Teach Engineering Ethics hosted by Texas A&M University in August 1995. At
that five-day workshop, 40 engineering professors gathered by discipline
(represented were chemical, civil, electrical and computer, and mechanical
engineering) to (1) identify, research, and compose numerical problems and
(2) to work out their solutions. Then, with the help of two philosophy/ethics
professors, the engineering professors developed the ethical questions that
the numerical problems posed for engineers. :

Concerns and Challenges

Concerns: The idea of engineering students providing “professional ser-
vices” through their service-learmning projects raises several issues. These
include: How professional a service do such projects provide? Are students
even capable of rendering professional services? Could service-learning dis-
place the paid services of professional engineers? What about liability?

Clearly, some of these concerns can be more easily addressed than oth-
ers. For example, service-learning projects cannot replace professional engi-
neering services, for the simple reason that the latter can be provided only
by registered engineers. For community organizations and local/state agen-
cies, which often do not have sufficient resources or much technical exper-
tise, what service-learning projects can provide is valuable information that
can help those organizations/agencies better understand their needs and
whether they should, in fact, seek additional professional services. Relatedly,
student efforts in service-learning can be used by community organizations
and local/state agencies to leverage outside funding to pay for professional
engineering services. Such was the case with the Decker Lake Wetland
Preservation Foundation (DLWPF) in Salt Lake County, Utah, the community
partner for CE 451, Hydrology, at the University of Utah. DLWPF was able to
leverage the work done by engineering students through their service-
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learning projects as a match to obtain outside funding.

As for liability, there are usually few chances of incurring it through ser-
vice-learning projects concerned with meeting classroom instructional needs,
and where the instructor exercises reasonable prudence and care. In those
instances where some chance of incurring liability nevertheless does exist,
such as in projects dealing with rehabilitation, physical infrastructure, or the
environment, the instructor should consult the institution’s policy regarding
industry-sponsored projects, particularly senior capstone design projects.
Guidelines might already be available, at the college or the university level, to
address the liability issues that might arise from service-based projects.

Challenges: Engineering faculty should be aware that scheduling con-
flicts will always be a challenge in service-learning, because students and
their community partners often follow conflicting schedules. Hence, it is
important to remind students, at the very beginning of a service-learning
project, of the importance of scheduling, and ask them to demonstrate cre-
ativity and be persistent in contacting their community partners and in
arranging appointments.

Finally, faculty need to be aware that there are some students who do not
believe in community. service and might even challenge a service-learning
assignment.’ I will refer to one such case in another chapter in this volume.

Note

.1. There are a number of essays listed on the Ayn Rand Institute website

<http://www.aynrand.org/medialink/> that attack the morality of community service,
stating: “It is the opposing morality, ‘that of selfishness,” that enables man to achieve
his own happiness.” One example is “Public Service and Private Misery” by David
Harriman, which was published as an editorial in USA Today on April 23, 1997.
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Service-Learning Reflection
for Engineering: A Faculty Guide
by Jennifer Moffat and Rand Decker |

Service-learning has caught on and is sweeping through the curricula of
academic departments across the country. For many disciplines — psychol-
ogy, sociology, communication, nursing — incorporating service-learning
Into a course 1s a natural extension of the teaching strategies and thinking
styles that have been used in those disciplines for decades. Hence, many
social science instructors find that conducting the reflection component of
service-learning is similar to facilitating other class discussions.

For engineering faculty, however, reflection can present a challenge.
There 1s no silence quite so pregnant as the one when engineers, both fac-
ulty and students alike, are asked to talk about how they feel. This is not
altogether unexpected. Engineers and physical scientists are trained to take
the self out of the problem-solving process. Scientific analysis is the back-
bone of engineering, and this analysis must occur within a context of objec-
tivity. One’s feelings are not supposed to factor into the equation. Hence, this
disciplinary culture, coupled with an overwhelming lack of reflective facili-
tation experience on the part of most engineering faculty, puts the reflection
component of service-learning at grave risk in the engineering classroom.

And yet, a number of recent studies, as well as emerging modern accred-
ltation criteria, point to the fact that this general lack of reflection and
personal/societal context in engineering education needs to be remedied.
The present chapter on service-learning reflection in engineering was pre-
pared as a learning tool and resource for faculty who might be struggling
with implementing reflection successfully in their service-learning courses.

~ The very fact that engineering relies heavily on linear, black-and-white
thinking with little room for personal introspection and reflection means
that engineering students and faculty alike have a lot to gain from service-
learning reflection. Service-learning demands that students consider the
gray areas that inevitably arise when dealing with social issues and incor-
porate them into the problem-solving process. Engineering faculty who
implement service-learning in their courses have an opportunity to inspire
students to think in new ways that can tap their creativity and make them
better engineers and better citizens. The most effective way to tap this cre-
ativity is to engage students actively in reflection.

Successful reflection sessions in the classroom help students become
familiar with different perspectives and prepare them to appreciate and
explore the societal impact of engineering. Reflection provides a vital forum
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for students to discuss creatively their service-learning experiences and to
learn from one another. It is, in short, integral to the service-learning
process. Indeed, service without adequate reflection can actually reinforce
negative stereotypes and unquestioning adherence to oversimplified solu-
tions. For instance, students helping a small community organization with a
hydrology project were frustrated with the citizens’ lack of response to the
project at a community meeting. During class reflection the students came
to realize that they themselves did not get involved in their own communi-
ties to the degree they should. Thus, they began to reassess their roles as
engaged citizens. Thanks to a purposeful discussion about what had hap-
pened, the students’ frustration became a valuable learning experience.

Presented in the following pages are ideas on how to communicate the
importance of reflection in service-learning to engineering students, as well
as specific teaching strategies to make service-learning more meaningful,
applicable, and exciting.

Reflection: What Is It and How Does It Work?

Experience is not what happens to you. It'is what you do with what hap-
pens to you. ' '
— Aldous Huxley

Reflection is simply another word for learning. What distinguishes it from
some other forms of learning is that “reflection” grows out of experience.

— Keith Morton, associate director,
Feinstein Center for Public Service,
Providence College

As noted here and in other chapters in this volume, a significant portion of
the learning in service-learning takes place when students spend time think-
ing about and discussing their service experience and how it relates to their
coursework. Reflection is the time one provides for oneself and for students
to think critically about issues raised by working in the community and how
scientific and engineering concepts and skills relate to those issues. By facil-
itating reflection, the engineering instructor provides students with an oppor-
tunity to learn from their experiences and from others’ experiences and
perceptions.

For someone to become an effective reflection leader, he or she must be
familiar with the way reflection works. Reflection is not such an unfamiliar
concept. Anytime one reads a book or an article or has a conversation to
expand the context of and find meaning in one'’s work, one is experiencing
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something similar to reflection. Reflection allows one to draw connections
between what one discusses in the classroom and what one experiences in
the real world. Becoming aware of one's reflection experiences and recog-
nizing the reflection techniques already present in one's routine provide a
wealth of experiences to draw on when engaging students in service-learn-
ing reflection.

Perhaps the single most useful step one can take in becoming a suc-
cessful reflection facilitator in engineering is attending service-learning fac-
ulty meetings on campus. Such meetings are typically gatherings of faculty
from across the disciplines, faculty with diverse backgrounds and perspec-
tives as well as a wealth of information and experience. Indeed, many have
themselves grappled with questions similar to those the beginner must
address. Thus, the lessons already learned by other faculty can be instru-
mental in helping solve reflection problems that arise during one’s service-
learning courses.

Reflection: Questions for Engineers

Reflection most often takes place in the classroom in the form of a discus-
sion. During reflection sessions, an instructor listens closely to all partici-
pants. Although the instructor should have an idea of what he or she wants
students to learn from their experiences, he or she must also be prepared to
adjust the line of questioning to help them expand on the themes they
encounter as they think about their experiences. Hence, discussion ques-
tions should be open-ended and flexible, but not chosen randomly.

The instructor can create questions from his or her own relevant expe-
rience, can draw from articles read, comments students have made in their
journals, or suggestions from other faculty. It is good to remember that if an
Instructor is encountering certain issues through his or her work as an engi-
neer, the students may very well be encountering similar issues. Through
service-learning reflection, these issues can be brought to the surface in a
way that helps engineering students examine the social and community
context of their work. Given below are a few sample questions that are par-
ticularly relevant to engineering classes. They are also typical of the gener-
ic, probing, open-ended questions that spur successful reflection:

1. Is there a difference between the way engineers view problems and the
way people in other professions view them? What are the differences? Why
do these differences exist?

2. What nontechnical information did you leamm about the project from the peo-
ple you worked with? Is this information relevant to your work? If so, why?
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3. How can engineers and citizens work together to solve problems? Why
should they?

4. Do you have an ethical dilemma about taking on the project? Have you
been asked to do something that contradicts your values or beliefs? Are
there social issues that affect or are affected by the project you have been
assigned; and if so, how will you take them into account? What is the ulti-
mate outcome of your project? Who will benefit?

5. How has the nature of engineering changed since the end of the Cold
War? How does this affect your work?

6. If you put this project on a resume, would you list it as “community ser-
vice”? Does the engineering community value volunteer work? Why or why
not?

7. Is there a difference between what we think is needed and what the
recipients of the service think is needed? How do you know? [One would
hope students have spoken directly with the recipients of the service!] Will
this relate to your work in the future? Why is this important?

8. Think of a scientific principle that can be applied to help you understand
a social problem. How does your thought process as an engineer affect the
way you view social issues? Can social issues affect the way you work as
an engineer?

9. What are the stereotypes of engineers? Are they true? If so, in what cir-
cumstances is it critical that they be true? In what circumstances are these
stereotypes an impediment to successful community service?

10. Is there a role for and mechanism for you to continue providing engi-
neering assistance to the community after graduation? Is this activity
important?

Finally, the instructor should make sure the students know that he or
she is learning along with them through the discussion-reflection process.

Reflection Tools: Activities

Reflection activities serve many purposes. They can be used to start discus-
sions, encourage creative thinking, and facilitate communication among
students. Using different activities during reflection sessions provides a
means of communication for students not comfortable with open discus-
sion. Reflection activities can be especially helpful in making a transition
from lecture format to discussion format in the classroom. Described below
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are a few reflection activities and how they can be used to help solve prob-
lems that might arise in discussions of student experiences. Many of these
activities serve multiple purposes.

Taking Sides

As the instructor reads questions, individual students stand in clusters
according to the answers with which they concur. (This activity can be mod-
ified if there is limited space or mobility by having students use thumbs-up
signals to express their opinions or by having them stand in a line to repre-
sent a spectrum of opinions.) Between questions, students in the different
clusters are asked to explain why they chose their answers. (In most cases,
there will be no strictly right or wrong answers.) Some enjoyable, warm-up
questions might include whether campus athletics should be funded with
student fees or how students feel about current events. Once participants
are comfortable with this format, they can be steered toward questions
relating to their service project. The requirement that students physically
move about the classroom makes this activity useful when they appear tired
or disengaged. Creating a mechanism for everyone to express an opinion
encourages students to feel invested and become more involved.

What Is This? ‘

The instructor provides an object or a picture of an object for students
to look at. (Ideally that object is somehow related to the class’s service-learn-
ing project.) The class is first asked what the object is, what it is used for, and
why it is important. Then it is asked whether an architect would agree, or a
lumberjack, or a teacher, or a child. Do different perspectives on an object
affect the way people see and react? This line of questioning can eventually
lead to a discussion of stereotypes and perspectives among different groups
In society and why it is important to learn to work with different perspec-
tives. The activity is especially useful when students are having difficulty
accepting the various perspectives being expressed by classmates, the
instructor, and community service agencies and recipients.

Wall Exercises

The instructor begins by posting newspaper clippings, stories, quotes,
etc., around the room, along with blank sheets of paper on which students
can write their reactions. (The materials should pertain in some way to the
topic under discussion.) Then the students are asked to walk silently around
the room, reading each panel and writing their opinions on the paper pro-
vided. When they have finished, selected students are asked to read the writ-
ten opinions out loud as a prelude to group discussion. This activity can be
used when students are too shy to express opinions in a standard discussion
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format, or when an instructor has material to share with students in a cre-
ative way.

Concentric Circles |

Students are asked to form two equal circles, one inside the other. The
inner circle turns to face the outer circle so that everyone is facing a partner.
Then a question or unfinished statement is read to the class. Partners intro-
duce themselves, and each takes a minute to respond to the question or
complete the statement and explain his or her opinion. After all the students
have had a chance to respond, one circle 1s rotated so everyone gets a new
partner. The process continues for several rounds before the questioning is
turned into a general discussion. This activity is useful for helping students
become comfortable with expressing their opinions to one person so they
will feel less intimidated with the whole class.

Notecards

Students form groups of four or five, preferably with people they don't
know. Each group is given a notecard with a quotation or question that deals
with engineering and service-leamning, and each student is asked to respond
within his or her group. The individual groups then explain to the rest of the
class what they have discussed. This is a creative way to start general class
discussions and builds students’ skills in formulating a consensus of opin-
ions.

Case Studies

An instructor uses case studies that outline dilemmas similar to those
students might experience while working on their service-learning projects.
One way to use cases is to reduce them to a few sentences, write them on
cards, and hand the cards out to groups of four or five students. The groups
are given 20-30 minutes to discuss solutions. Then they report their solu-
tions to the class as a whole. Students can also be asked to come up with
their own cases, perhaps based on personal experience. This is a good way
to help clarify expectations before a project begins.

Nonverbal In-Class Responses

In-class discussion-reflection need not take place orally. Students can also
be asked to respond to reflection questions in writing. Relevant questions can
be read aloud, written on the board, or prepared as worksheets. This kind of
activity is useful in allowing introverted students to reflect and in helping stu-
dents organize their thoughts before or after a class discussion.
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Refiection Tools: Journals

Journals are a vital part of the reflection process. The time students spend
thinking and writing about their experiences complements the time spent in
class discussion sessions. Some students who find it difficult to write about
their experiences in nontechnical terms may find discussion sessions much
easier and more productive, but journals provide an important way to eval-
uate the students who do not speak up in class. However, probably the sin-
gle most important benefit of journals is that they prompt students to notice
what they are experiencing and to evaluate their service experience through
introspection. Hence, journals are especially valuable in that they can be
used to help engineering students shift over from an objective to a more
subjective mode of analysis. '

There are many ways to approach journal assignments. Regardless of
the specific approach, an instructor must always begin by making his or her
expectations clear. Students need to understand how journal entries differ
from entries in an engineering log or field book. Journal assignments should
encourage students to express opinions, describe reactions to service expe-
riences, and consider questions that arise in the course of the project. To be
sure, reflection journal activities can be coupled with an engineering lug. In
this way, students can learn by juxtaposing their traditional engineering
notes with service-learning reflection. In any event, it is important that stu-
dents receive specific journaling guidelines.

Some instructors may find it difficult to give students enough freedom_
to encourage self-expression while providing sufficient structure to assess
and grade their performance. Providing specific questions for students to
respond to will help them focus and help the instructor gauge how much
effort they are investing in the assignment. Furthermore, grades should be
based not on the opinions expressed but on students’ willingness to think. -
seriously about their experience. Still another way to give them direction in
making their entries is to provide a format. An instructor can, for example,
ask them to outline the facts of their experience separately from their
thoughts and opinions regarding that experience.

Should it be necessary, a journal activity called “perspective writing” can
be used to help students begin to think more subjectively. In this activity,
they write from the perspective of one of the recipients of the service. They
might describe the project and its goals from this perspective, then compare
how and why this perspective differs from their own. Perspective writing can
help reinforce empathy and can help students understand how the service
recipients view them as service providers.

Finally, an instructor should consider double-entry journaling. In this
approach, students divide their paper into two sides lengthwise. They then
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use this divided paper to separate facts from opinions and thoughts. Some
examples include:

Left Side Right Side

Describe a typical project visit. Why do you think X happened?

Describe some of your interactions. What role did you play in these
activities?

What is the most difficult part What do you feel like when you

of your work? are onsite’?

Describe the equipment that Would you work at this place for a

you use. living? Why or why not?

What is the service you are How do you feel about the people

providing? you serve’?

Describe the people you met today. How do they regard you?

The time students spend writing reflectively in journals will help ensure
a much more rewarding service-learning experience. As they write, and as
they look back on their writing, they will come to recognize the subtle shifts
in perspective they have experienced during the course of their work.

Conclusion

As engineering, technology, and society become more intertwined and inter-
dependent, service-learning can provide an ever more effective way for
instructors to help students acquire the skills and perspectives that will
allow students to use their technical knowledge to improve the community
and make their careers more meaningful and fulfilling. Providing opportu-
nities for reflection can be challenging for faculty, but investing time and
creativity in mastering this pedagogical skill can be rewarding and exciting
for all involved. There are few, if any, irreparable errors one can make in
learning to facilitate reflection in engineering classes, except perhaps not
trying at all.
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How to Institutionalize Service-Learning Into the
Curriculum of an Engineering Department:
Designing a Workable Plan

by Peter T. Martin and James Coles

Our universities have been characterized as “ivory towers” where a privi-
leged intellectual elite pursues narrow research interests. Some question the
relevance of our academic courses and our commitment to teaching. We are
accused of detachment from our local communities. One of the ways in
which the University of Utah is tackling these negative associations is
through service-learning. A class can be designated “service-learning” if it
addresses a community problem through the practical application of theory
provided formally in class. In this way, students learn to understand how
theoretical principles enable professionals to help communities solve their
problems.

Service-learning can be described as experiential learning through the
integration of traditional classroom teaching with structured community
service. It represents the application of academic knowledge to the genuine
needs of the community and its organizations. Service-learning is more than
an internship, more than volunteering. It is a managed merging of theory
and practice that requires students to reflect on and assess the value of their
applied academic experience. Engineering curricula invariably offer projects.
Students have to apply design principles to real or contrived problems.
Service-learning, as practiced in civil and environmental engineering at the
University of Utah, is more challenging. Not only do our students design
within a project framework, but they also address a real problem. They have
to listen to the community, speak back through their designs, and then
reflect on the value of the process.

Engineering professionals must occupy two distinct realms. First, they
must develop, manipulate, and deduce engineering science. Second, they
must interpret and explain their techniques to the public they serve. One of
the more difficult things to teach engineering students is how engineers com-
municate their technical expertise to the community. It is through service-
learning that engineering students can come to appreciate the relevance of
their study and develop essential communication skills. The bringing
together of a university course and a community need creates new learning
opportunities.

Service-learning did not begin with engineering faculty. The pioneers
were social scientists and academics in the arts and humanities. That engi-
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neers often insist on a fee for their services could be seen as a negation of
the entire concept of community service so central to service-learning.
Indeed, fnany engineering faculty fail to understand the unique education-
al opportunities offered by service-learning. Some even feel that the rela-
tionship between the engineer and the community is irrelevant to an engi-
neering education.

In the Department of Civil and Environmental Engineering at the
University of Utah, service-learning offers the opportunity to draw the rele-
vance of liberal learning into the engineering curriculum. When engineering
majors are encouraged to apply liberal learning concepts to classes with
technical service projects, the possibility of synergy across the curriculum
arises. Furthermore, in addition to supporting engineering education in a
more technical sense, service-learning contributes to preparing engineering
students for citizenship. By showing them the relevance of their learning to
the community, service-learning enhances their civic awareness.

Civil Engineering Design

Civil engineers are trained in design — itself a complex process. Teaching
students design has been tackled in a variety of ways. At the University of
Utah, service-learning provides one design track. But before discussing the
actual role of service-learning, we should first explain the eight-step itera-
tive procedure that constitutes the design process in civil engineering. Here,
the design of a bridge serves as the illustrative example:

Step 1. Define the problem: location (where), span (size), load (how
strong), demand (how many users). Large quantities of information have to
be collected. _

Step 2. Identify variable factors: structural (what kind of bnidge), trans-
portation (road, rail, combination), geotechnical (good ground, poor ground).
For each variable identified, a set of cost estimates 1s drafted.

Step 3. Set evaluation criteria: what are the measures that will distinguish
each alternative? These may include appearance (how prominent), cost
(what is the budget), design (1-in-100-year flood, earthquake-resistant), con- °
struction (can it be built quickly, and is that important), maintenance bud-
get (steel needs paint, other materials weather gracefully).

Step 4. Generate multiple solutions: this 1s a creative stage whereby as many
alternatives as possible are identified regardless of cost or effectiveness.

Step 5. Evaluate alternatives: according to the criteria established in Step 3.
Alternatives will be graded to provide a quantitative assessment and will be
ranked according to a subjective or qualitative measure.

Step 6. Select altemative and recommend: the client (city, state, federal) is
presented with a reasoned case for the preferred alternative. All technical
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information is provided but interpreted for “lay consumption.” It is here that
the work is documented. The ideas are communicated through presenta-
tions, drawings, text, and cost estimates. '

Step 7. Client selects design alternative: often, this is a lengthy process
involving many constituents including local communities.

~ Step 8. Return to Step 1 with narrowed constraints: continue through subse-
quent steps, etc. With many parameters defined and fewer alternatives, the
civil engineer returns to the problem-definition stage with more focus. In the
case of a small project, these steps could be completed in one pass. For a
large infrastructure project, they could run through many iterations, taking
years or even decades.

Civil engineering design is not normally taught within a service-learning
context. Its traditional teaching philosophy can be described as subject-
based learning. Students are told about what they need to know. Next they
learn what they need to know. Finally, they work on problems that require
them to apply their new-found knowledge. Subject-based learning is usual-

ly associated with a structured textbook; each section beginning with theory,

followed by concrete examples, and finally problems. In design, this tradi-
tional approach, of necessity, has to begin with a problem already identified.
It is difficult to incorporate evaluation and chent components without

.resorting to a project approach.

Problem-based learning is very different. The process begins with the
posing of a problem. This may be presented or the students themselves may
formulate their problem. Thus, the first stage is exploratory, creating
hypotheses and identifying issues. The next stage is often clumsy. Here stu-
dents attempt to solve the problem using their existing knowledge. With
careful guidance, the instructor enables them to identify existing relevant
knowledge, which will lead to clarification of the new knowledge necessary
for solving the problem. Students are then guided in acquiring the new

knowledge and are helped, perhaps in a formal way. Individual study or -

group study can be applied at this stage. Next, it is important that the new
ideas be shared. Here, the instructor plays a pivotal role in ensuring that all
new ideas are shared among students. Equipped with the new knowledge,
students tackle the problems they faced before. For an excellent discussion
of the distinction between subjéct-based and problem-based learning, the
reader is referred to ASEE's “Let Problems Drive the Learning in Your
Classroom” (1996).

To summarize, subject-based learning begins with theory and ends with
an application. Problem-based learning begins with a problem that leads to
theory, which is then brought back to the original problem. Service-learning in
the Department of Civil and Environmental Engineering at the University of
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Utah is problem-based. Students access theory in response to a community
concern.formulated as an engineering problem.

Since service-learning provides an opportunity to replace subject-based
learning with problem-based learning, the Department of Civil and
Environmental Engineering has adopted it to help weave a design theme
across the curriculum.

Service-Learning Across the Departmental Curriculum

The objective is to create a set of undergraduate and graduate courses from
each of the five core civil and environmental engineering disciplines: trans-
portation, structural, geotechnic, water, and environmental engineering.
With the plan in place and functioning properly, no students will be able to
graduate without at least one service-learning course on their transcript.
The plan contains the following four components:

e Criteria for the identification of a service-learning course.

* A supplement to the departmental policy guidelines on tenure and
promotion to support and reward faculty sponsoring service projects.

* A mentoring guide for new faculty.

¢ Guidance on student assessment.

Criteria for Identification of a Service-Learning Course

In establishing a plan to institutionalize service-learning, we must first
identify what qualifies as service-learning. In this regard, the Department of
Civil and Environmental Engineering is guided by the following descriptive
critena:

e Students provide a needed service to individuals, organizations, or
other community entities.

* The service experience relates to the subject matter of the course, and
students are required to show that they have related the service to that sub-
ject matter.

¢ The service-learning unit is actively assessed.

e Community partners/participants are informed of the needs of the
students and are required to contribute to the evaluation of the quality of
the service provided.

 While projects naturally help prepare students for careers, the focus of
the service is in the development of civic education.

* Projects are established in such a way that participants can share their
learning.

Having clearly identified what service-learning entails, the plan turns to
recognition of its value to the department by including service-related activ-
ities in the department’s tenure and promotion policy.
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A Supplement to the Departmental Policy Guidelines on Tenure and Promotion to
Support and Reward Faculty Sponsoring Service Projects

Introducing service-learning courses that in many ways break with
more traditional teaching strategies means that such a move might be pro-
fessionally risky. Students can be reluctant to accept new teaching
approaches, and faculty, fearful of poor student evaluations, can be disin-
clined to try service-learning. As one way of encouraging service-learning
across the departmental curriculum, promotion and tenure criteria should
be adjusted to recognize service-learning as a valid pedagogy. The
Department of Civil and Environmental Engineering has taken its cue in this
regard from the university’s Bennion Center. The department’s promotion
and tenure guidelines now include the following service-learning criteria:

e The faculty member'’s service-learning contributions relate to her or
his area of scholarship.

» The faculty member's service-learning is responsive to the needs of the
community and industry.

» The service-learning in question enables students to understand the
true relevance of their studies.

» The service-learning in question has broadened students’ professional
and civic understanding. . :

In reviewing a candidate’s performance, the tenure and promotion com-
mittee draws on the following questions: ,

e What are the effects of service-learning on the instructor’s teaching
and research?

» Are there any publications, community projects, or presentations aris-
ing out of the service-learning course(s)?

» Do excerpts from student assignments describe how the faculty mem-
ber's work influenced the community and the learning experience?

A Mentoring Guide for New Faculty

Though the nature of service-learning courses varies, a useful template
for the structure of a typical civil engineering service-learning course would
be as follows:

Prior to the beginning of the course, a project is selected. Identification
of a community need could come about through a government department
(municipal or state) or directly from a local community source. The course
1s set up so that the students decide how to approach the problem. Whom
will they receive input from? Where and how will they collect data? What is
the time line for completing the project? Students should make presenta-
tions of their findings to the public with visual aids and leave sufficient time
to answer questions.

Reflection 1s that aspect of service-learning that enables students to
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look at their learning experiences. Class time should be set aside for discus-
sion of logistics, sharing information, practice presentations, brainstorming
ideas, and overall assessment of how a project is proceeding. Students
should keep project journals in which they record their progress and
respond to issues raised by community groups.

A well-organized service-learning course has a number of players, and
each of them has a role and attendant responsibility. A comprehensive per-
sonnel list would include the students, the instructor, a teaching assistant, a
community contact, the community group, and a professional contact. For a
service-learning course to function effectively, roles must be defined clearly
at the very outset of the course. The instructor provides material to assist
the students in completing their community project and participates in
class reflection discussions. If available, a teaching assistant coordinates the
community project to provide continuity throughout the course and makes
contacts with community groups and with the professional contact. The
professional contact provides background information and context on the
community project and helps provide engineering data. The students are
responsible for completing and presenting the project. The community
group, which is usually formed from a preexisting organization, participates
by attending briefings and presentations.

~ Students evaluate their learning experience through classroom discus-
sions and through service-learning course evaluation forms. This process
must clearly differentiate itself from the routine instructor evaluation. Its
goal is to reflect, measure, and assess the value of the community service as
delivered. Its purpose is to enhance student learning. It is not specifically
designed to improve the quality of future courses. By involving the commu-
nity group, the process addresses the effectiveness of the student contribu-
tion, thereby showing students how they might improve their future service
to the community.

Having established a typical course profile, the guide can turn to specif-
ic suggestions. The following list will grow as more and more faculty regis-
ter their experiences.

e Service-learning courses demand more advance preparation than do-
conventional courses. Plan service-learning courses two semesters ahead of
time. '

¢ Match the task to the capabilities of the students — freshman students
tackle freshman projects.

¢ While most of the work is “up-front,” mentoring during the semester is
vital. Service-learning is too new to run like a traditional design project,
because there is no culture of service-learning and older students will not
have prepared newer students.

* The effort should be front-loaded with early community meetings and
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coursework deliverables. This applies to many courses but is especially
important with service-learning courses.

e Clarify your expectations of the scope of student design and ensure
that community expectations are consistent through early open communi-
cation. Even with modest expectations, there are often unpleasant surpris-
es, and from the unlikeliest sources among the students.

¢ You will need a trained teaching assistant. The university has a pool of
experienced TAs and helps with training. When setting up your first course,
get trained alongside your TA.

¢ Seek external support for TAs. When a community group approaches
you with a suitable service-learning project, ask the group to contribute to
supporting a TA. A thousand dollars buys plenty of valuable TA support.

e Substantial class time should be set aside to discuss the community
project. You must treat the project as the centerpiece of your course; other-
wise it will not be an educational vehicle. Students need class time to focus
their energies. -

e If you plan to have your students present their ideas to a community

“group, have them practice their presentations in class. Be fulsome in your

feedback.

~¢ Encourage your students to invest their time with community grodpé :

at the outset of the project, thereby reducing the chances of alienation and
opposition. Students will learn that even with early and close communica-
tion, some people will remain skeptical of their motives. -

e Invite neighborhood leaders to class within the first couple of weeks of
the course. Encourage your students to listen to the concerns of the neigh-
borhood residents and help them define their criteria for success. ‘ '

e Attend neighborhood meetings regularly. Keep residents up-to-date on
research, conflicts, and difficulties. Remain open to community members'
ideas throughout the design process.

e If you can, set up an information survey hot line. Record information
.about the students’ designs. Prepare a menu of options for callers to select.

Advertise community meetings through flyers, bulletins, and newspaper
features.

¢ Conduct a thorough door-to-door or mail survey. Organize the survey
with options from which respondents can choose, not just open space for
comments. This helps focus the evaluation process.

e Include all affected groups in the design process. Invite all interested
parties to the initial meeting and maintain open communication with them
throughout the semester. Neglecting one community group can spoil the
credibility of the final report. '

¢ Arrange a small budget before the beginning of the semester. Making
flyers, mailing surveys, advertising a hot line, printing, and renting space for
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meetings cost money. The budget should be documented, and funding
arrangements should be clarified early on. In some cases, costs might be
picked up by the government agency associated with the project.

Guidance on Student Assessment

Student assessment has two parts: the learning achieved by the stu-
dents and the quality of the service provided. Traditional methods of assess-
ing student learning are not always appropriate for a service-learning
course. A quiz or midterm test cannot identify whether a student has
grasped how the fundamentals of engineering are applied in a concrete ser-
vice project. Better devices are reflective journals, class discussions, peer
evaluation, term papers, and engineering reports. However, with regard to
reports, the departmental plan differs from mainstream engineering expec-
tations in one important way. Given that civil engineers are called on to write
reports for their clients, the plan recognizes that service projects must
include such a written component. Here, however, the reports target a com-
munity group rather than other engineers. In this way, service-learning in
civil engineering extends the scope of student writing and presentation
skills by shifting their focus from professional communication with peers to
professional communication with the community.

There must also be both formal and informal outside assessment of the
service project. As many players as possible should be allowed to evaluate
the quality of the service provided. Sometimes an evaluation is completed
only after the class has concluded and it could come in an unconventional
form; e.g., a media response or electronic dialogue. This feedback is nonethe-
less valuable to the students. For this reason, teachers are encouraged to
maintain contact with class members even after the course has concluded.

Plan Implementation Steps

With agreement on the four components just described, implementation of
the departmental plan requires a series of eight steps:

1. Develop a clear statement of the criteria that will determine what
constitutes a service-learning course, component, or element. This state-
ment must be consistent with the mission statement of the department,
which in turn is consistent with the goals of the college and the university.

2. Modify existing courses that already meet some of the criteria
required to qualify as service-learmning.

3. Develop new classes from preliminary experimental miniprojects.

4. Sponsor a faculty member as a University Public Service Professor.
(Such professors receive small grants to support individual service-learning
Initiatives.)

oo
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5. Uphold the principle that once tested in the experimental stage, a ser-
vice-learning course should be sustained within the curriculum. '

6. Encourage collaboration among faculty through interdisciplinary
projects and cross-departmental cooperation.

7. Commit the department to support service-learning with travel funds,
conference attendance, research assistance, and secretarial support.

8. Document the plan as a written statement.

Discussion

Civil and environmental engineering is defined as the science of wisely using
the finite resources of nature for the benefit of mankind while protecting the
environment. Civil engineers, like all professional engineers, are subject to
liability concerns. We design and build huge infrastructure projects such as
freeways, dams, airports, and harbors. We spend vast sums of public money
and have the safety of countless people in our hands.

The risk of unsafe designs to the community is daunting. From Roman
times on, avoiding risk has led to a conservative bias among civil engineers.
The maxim has been: Better to err through overdesign and waste some of
that public money than to provide cheaper structures that are risky. Such a
sense of responsibility brings a new dimension to the notion of service.
Engineers must contract with their communities, somewhat in the way a sur-
geon will only operate from within the protection of the nredical profession.

Hence, civil engineers cannot serve without a formal framework that
protects the interests of the community and individual professionals alike.
Here is the challenge of introducing service-learning to the next generation
of engineers: how to introduce the notion of service when everything we do
must be formally contracted with financial considerations.

One outcome of the systematic introduction of service-learning across -

the curriculum is that students learn how their various skills fit into the.
matrix of community imperatives and political process. Their designs are
challenged by community groups encouraged to be constructively critical.
This teaches the students accountability, which is pivotal to the role of a pro-
fessional engineer. The community gets to voice its concerns to an informed
group devoid of political pressure. Vague perceptions are converted into
informed and quantified problem definitions. The community is provided
with a well-documented set of technical alternatives, sometimes with rec-
ommendations. The real engineers now get to deal with a more expenenced
community. The debate is informed.

However, as much of this chapter serves to indicate, introducing service-
learning is not easy. Students have strong preconceptions about the nature
of the civil engineering curriculum. Faculty are perhaps even more
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entrenched. We know that the body of human knowledge is doubling each
decade. As we strive to prepare the next generation of civil engineers, facul-
ty must struggle with the shape and bloating of the curriculum. The bewil-
dering spread of new techniques puts stress on that curriculum. Our so-
called “four-year-degree program” could become a 10-year program if all fac-
ulty initiatives were to be incorporated. So, when we are faced with yet
another new demand for our overloaded curriculum (one that is not even
technical), there is an understandable reluctance to show enthusiasm.

Conclusion

Engineering impacts us all. The University of Utah offers the community an
independent source of engineering guidance and leadership. The university
can serve as a vital bridge between that community and government agen-
cies. The agents of this bridge are the students who apply their engineering
expertise to real community concerns. The students learn that the technical
component of their work is engineering design. They learn that their techni-
cal expertise is a service to their communities and that, for engineers, the
actual design process should be exposed to public opinion. They learn, in a
way that can never occur in a classroom, that they must communicate their
skills to those they serve — the public. This means that their technical edu-
cation acquires a new relevance. They work with real problems with real
people. Furthermore, they begin to develop new skills.

Service-learning provides interactions with the community, facilitated
through the presentation of reports to that community and through the par-
ticipation of local groups in the assessment of student contributions. It
enhances civic education by exposing students to the complex interaction
between local groups and municipal authorities. It reduces students’ reluc-
tance to write by providing them with a real audience, one that needs to read
and understand what they have written.

With the four components of the plan detailed in this paper, there exists
a sound structural framework for curricular innovation. The application of
these four key components in a sequential manner permits implementation
of the plan through a structured 14-point mentoring guide. Together, the
components and the guide find focus in an eight-stage implementation
plan. All this has been presented as an example of how one engineering
department is effecting change. Some of these ideas may be useful to oth-
ers. Service-learning is too unusual for engineering faculty to accept without
the help that only such a plan can provide. This plan, therefore, offers a
route map for leaders and followers alike. '

57

ENGINEERING




B
[SH

i, >

54 Selected Readings

American Society for Engineering Education. (October 1996). “Let Problems Drive the
Learning in Your Classroom.” Prism - The Journal of the American Society for Engineering
Education 6(2): 30-36

Barber, B.R., and R.M. Battistoni. (June 1993). “A Season of Service: Introducing Service-
Learning Into the Liberal Arts Curriculum.” PS: Political Science & Politics 26(2): 235-240.

Bennion Center Faculty Advisory Committee. (October 1996). “Educating the Good
Citizen for the Twenty-First Century: Service-Learning in Higher Education.” Salt Lake
City, UT: University of Utah.

Galura, J. (1993). Praxis II: Service-Learning Resources for University Students, Staff and
el Faculty. Ann Arbor, MI: OCSL Press.

Howard, J. (1993). Praxis I: A Faculty Casebook on Community Service-Learning. Ann Arbor,
MI: OCSL Press.

Kraft, RJ.,, and M. Swadener, M., eds. (1994). Building Community: Service Learning in the
Academic Disciplines. Denver, CO: Colorado Campus Compact. :

Kupiec, T. (1994). Rethinking Tradition: Integrating Service With Academic Study on College
Campuses. Providence, RI: Campus Compact.

Lieberman, T.M., and K. Connally. (1992). Education and Action: A Guide to Integrating
Classrooms and Communities, 2nd. ed. St. Paul, MN: COOL Press.

Meisel, W., and R. Hackett. (1986). Building a Movement: A Resource-Book for Students in -
Community Sennce aneapohs MN: COOL Press.

Stanton, T. (1990) Integrating Public Service With Academic Study: The Faculty Role.
Providence, RI: Campus Contact.

Wieckowski, T)J. (1992). “Student Community Service Programs: The Academic
Connection.” NASPA Journal 29(3): 207-212.

S
o

o, e
LA

SIS

e AR et

TR
> A IR

58

5 . " MARTIN AND COLES 51




ERIC

Professional Activism: Reconnecting Community,
Campus, and Alumni Through Acts of Service

by Rand Decker

Professional: of or engaged in a profession (an occupation requiring
advanced academic training, as medicine, law, etc.). . . .
Activism: taking a direct action to achieve a political or social end. . . .

— Webster’s New World Dictionary

Imagine: A dentist starts his workweek by filling his canceled appointments
with children and adults in need of, but unable to pay for, dental care. These
service recipients fill an otherwise unproductive gap in his professional
schedule and consume only a small fraction of the resources of his busy
practice. A single phone call from the dentist’s receptionist to a campus-
based community action center provides the link between those in need and
his practice. These colleagues at the community action center know the den-
tist and his staff by their first names. In a matter of minutes our dentist I:us
four appointments scheduled for this week. The university’'s community
center will contact the dental care recipients. It was during his academic
training that our dentist discovered both the magnitude of the need and the
mechanisms that would help him professionally serve his community.
Service-learning had been a big part of his college experience.

Now imagine again: This act of professional activism is replicated thou-
sands of times a day in the offices and clinics of accountants, architects,
attorneys, educators, engineers, health-care professionals, and social work-
ers. These varied occupations are now linked by a common thread. A frac-
tion of each professional’s practice is set aside for acts of community ser-
vice. Each maintains an ongoing, postgraduation, “provider-recipient broker- "
age” relationship to social needs and responsibilities illuminated by his or
her service-learning experiences during academic training. In addition to
the implicit, rejuvenating personal benefits of meeting a community need,
these professionals are also rewarded with tax credits and recognition by
professional societies as well as occupational and professional licensing
boards. National calls to service and voluntarism no longer ask simply for
your time. They ask for your most valuable time.

The arguments for institutionalized professional activism are so simple.
and compelling that they may have, to date, rendered the concept obscure.
The powerful experiential teaching-learning environment of service-learn-
ing, coupled with that cadre of professionals who already have set aside a
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portion of their practice for community service, further inspires the concept.

A shift away from public-sector entitlements as the dominant mecha-
nism for meeting our society’s civic responsibilities has already begun.
Filling the resulting void with an institutionalized, private-sector response is
one of the only alternatives we have. Professional activism provides a means
by which the great American economic engine can meet some of the needs
of its disenfranchised population, and the neglected, underserved groups.

That we are generally predisposed toward the ideal of community ser-
vice is clear. Three-fourths of all entering college freshmen have acted in a
service or volunteer capacity during high school. Equally clear is we have
been failing to nurture, let alone to institutionalize, this sense of civic
responsibility as we move our students toward post-college careers. Only
about one-half of those graduating have participated in service and volun-
teer activities during college (Astin 1996).

Service-learning addresses this failing and has thus become one of the
most powerful tools available for integrating experiential teaching, profes-
sional training, and civic responsibility (and responsiveness) into higher edu-
cation. Surveys of Campus Compact member institutions in 1998 indicate that
among this group alone more than 575 institutions offer about 11,800 sepa-
rate service-learning courses in all academic and professional disciplines.

~ Additionally, service-learning is being used successfully to address
numerous, recognized shortcomings in the pedagogy of the science and
engineering disciplines (Campus Compact 1996), including “graduates . . . ll-
prepared to solve real problems in a cooperative way” (NSF 1996). Studies

and reports have called on schools of engineering to “educate their students

to work as part of teams, communicate well, and understand the economic,
social, environmental, and international context of their professional activ-
ities” (ASEE 1994) and “to understand the impact of engineering solutions in
a global and society context, a knowledge of contemporary issues, and an
understanding of professional and ethical responsibility” (ABET 1998).

The service-learning experience, as well as the mechanism by which it
is implemented on campuses, is microcosmic of institutionalized, postaca-
demic, professional activism. In a service-learning environment, students.
who are training to become professionals master the learning objectives of
the course against a recognized community need. That is, they are perform-
ing acts of professional activism as an element of their academic training,
They are recognizing the need for and the value of those acts of service that
they themselves can address with their growing professional skills.

Early indications are that, in addition to valuable learning, students
derive a deep sense of personal benefit from their service-learning experi-
ences. This being the case, we must also ask how we can continue to provide
the mechanism for implementing professional activism in the postgraduate
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career workplace.

Herein lies the crucial role of campus-based community action centers.
Campuses with successful service-learning programs invariably have an
excellent community action center. The reason for this is not difficult to dis-
cover. One of the most challenging aspects of service-learning is matching a
faculty member’s course and learning objectives with a recognized commu-
nity need. Not surpnsingly, this same difficulty can be anticipated in the
case of professionalism activism. However, at effective campus community
action centers, the community’s needs have already been canvassed. The
community action centers then act as an intermediary or broker between
those community needs and the service-learning faculty. They act to intro-
duce and couple the service provider with the recipient. This role could eas-
ily be expanded to include brokering community needs with postgraduate
alumni — alumni who, by virtue of the personal and institutional benefits
that result, have chosen to set aside a portion of their practice for profes-
sional activism. In this way, we could address not only the needs of the com-
munity but also the epidemic disconnect between universities, their com-
munities, and their alumni (Astin 1995; Boyer 1994; Cisneros 1995).

But how can professionals identify community need in the not unlikely
event that they relocate away from their alma maters? The answer lies in
the office or division most professional societies maintain to stay in touch
with that profession’s educational environment. Thus, if a professional were
to relocate, he or she could simply call the local chapter of his or her pro-
fessional society, and the latter, in turn, could put him or her in touch with.
the regional community action center that could best broker his or her pro-
fessional activism with a recognized local community need.

Service-learning is here to stay. It is a sound, experiential pedagogy. It is
imperative, however, that we regularly remind ourselves that service-learning
1s a means to an end, and not an end in itself. One of the many desired prod-
ucts of service-learning is a population of socially aware professionals who
will set aside a portion of their practice to meet recognized community needs;
that is, engage in acts of professional activism. To clarify further the issues dis-
cussed here, the relationship between service-learning, community need,
campus-based community action centers, professional societies, public-sector
agencies, and professional activism are depicted graphically in the figure that
follows.

However, it must be stressed that implementing professional activism is
not, at present, assured. It remains unclear whether professionals can be
encouraged — by personal commitment, professional society and peer
recognition, and privileges such as tax incentives — to set aside a portion of
their practice to meet a recognized community need. Indeed, an engineer
might develop a pilot study to test this question. Find a successful service-
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learning campus with a sound community action center and a cadre of post-
graduate professionals willing to act as a test population. Create a linkage
between the professionals and their alma mater's community center.
Oversee the results, evaluate the costs and benefits, and study the case for
lessons learned. A scientist might posit the null hypothesis: Busy profes-
sionals will never set aside a portion of their practices. And then prove it
wrong. A skilled social scientist could examine the process of professional
activism in detail.

Every professional needs to ask: What can I do, and what am I willing to
do to bring the impact of service-learning to bear on community needs? How
can I contribute to the development of an institutionalized mechanism to
help facilitate the lifelong commitment of academically trained profession-
als to meet those needs? Truly, this is a question that deserves to be asked!
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EPICGS: Service-Learning by Design

by Edward J. Coyle and Leah H. Jamieson

Undergraduate students in engineering face a future in which they need
more than just a solid technical background (ASEE 1994; Dahir 1993; Valenti
1996). In setting the goals for any system they are asked to design, they will
be expected to communicate and work effectively with people of widely
varying social and educational backgrounds. They will then be expected to
work with people of many different technical backgrounds to achieve these
goals. They thus need educational experiences that can help them develop
the skills required by such expectations.

Community service agencies face a future in which they must rely to a
great extent on technology for delivering, coordinating, improving, and
accounting for the services they provide. They often possess neither the
expertise nor the budget to design and acquire technological solutions suit-
ed to their missions. They thus need the help of people with strong techni-
cal backgrounds.

The Engineering Projects in Community Service (EPICS) program pro-
vides a service-learning structure that enables these two groups to work
together and thereby satisfy each other’s needs. This structure supports
long-term projects in which teams of undergraduates in engineering are
matched with community service agencies requesting technical assistance.
Under the guidance of engineering faculty, the EPICS teams work closely
with their agency partners over many years to define, design, build, and
deploy the systems needed. The results are systems that have a significant,
lasting impact on the community service agencies and the people they
serve.

Urigin and Design of the EPICS Program

The EPICS program (Coyle, Jamieson, and Dietz 1996; Coyle, Jamieson, and
Sommers 1997) was initiated at Purdue University in the fall of 1995 to ful-
fill the complementary needs of engineering undergraduates and commu-
nity service organizations as described above. It established a structured ser-
vice-learning environment in which students experience realistic engineer-
ing design as a long-term, start-to-finish process. In the context of this expe-
rience, they develop the communication, teaming, and design skills now
essential in the workplace. The EPICS program is thus well aligned with
ABET 2000 criteria that reaffirm the importance of a broad view of what con-
stitutes an engineering education.
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The service aspects of the EPICS program contribute significantly to its
success. Not only do they broaden students’ perspective on and experience
of society, they provide students with “customers” who truly want and will
use the systems developed.

In the next three subsections we provide a broader discussion of the
goals of the program, describe the unique ways in which it achieves these
goals, and explain how it fits within the engineering curriculum at Purdue.

Goals and Unique Features of EPICS

Many of the goals of the EPICS program required the development of unique
approaches to teaching design. These goals and the approaches they
inspired include:

» Emphasis on long-term design experience: The EPICS track of courses
spans freshman through senior year, with freshmen and sophomores regis-
tering for one credit per semester and juniors and seniors registering for one
or two credits each semester. Thus, projects can last for many years and each
student may participate in a project for up to seven semesters. This allows
problems of significant scope and impact to be addressed. It also provides the
students with sufficient time and a stable environment in which to develop
critical nontechnical skills, such as teaming and communication skills.

* Teams are vertically integrated: Each team is a mix of freshmen,
sophomores, juniors, and seniors. This vertically integrated composition,
when combined with long-term registration of students for the same pro-
ject, creates significant continuity in team membership from semester to
semester and from year to year. As seniors on a team graduate, new fresh-
men and sophomores are added. Participating students can thus experience
the team as new members during their first semester and then have the
opportunity to grow into technical and organizational leadership positions
by the time they graduate.

* Projects are multidisciplinary: Several current teams include electri-
cal, computer, and mechanical engineering students as well as, in the case
of two teams, sociology students. Students’ disciplines, their academic “age,”
and their preferences regarding projects are the ohly data used when assign-
ing them to EPICS teams.

* Large project teams: The large scope and long-term nature of these
multidisciplinary projects require teams of 10-15 students. Such large teams
provide their membership with significant organizational challenges in
addition to providing them with the necessary number of minds and hands
to complete large-scale projects.

» Emphasis on start-to-finish experience: EPICS involves students in a
true define-design-build-test-deploy-support experience. They work with
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their partner organization to define the projects they will undertake and
continue to interact with the organization through development, testing,
deployment, and subsequent support of the fielded project.

 Existence of a true customer: Each team is paired with a local com-
munity organization to solve real problems. The fact that successful projects
will actually be employed in the community creates a strong commitment
from the individual students, the entire EPICS team, and the partner agency.

The above features of the EPICS program create an environment in
which many critical career skills can be taught. Perhaps, most important,
the students are provided with numerous opportunities, over an extended
period of time, to hone these skills:

¢ Communication: EPICS projects require written reports, oral proposal
and progress presentations, oral communications with sponsors and con-
sultants, and intrateam communications.

* Analytical thinking: Because the scope and size of an EPICS project is
much larger than is possible in traditional courses, students have to apply
what they have learned to less well defined problems across a variety of
disciplines.

» Teamwork: EPICS projects are large, so teamwork is essential. Students
learn to divide up a large problem, assign and schedule subtasks, and inte-
grate the pieces into a working solution.

» Resourcefulness: Vertically integrated projects encourage students to
pursue nontraditional educational resources, such as their teammates, the
project partner, and academic consultants who have experience related to
the project.

* Resource management: Each team develops a proposal for the equip-
ment and space requirements of the project, and has to take into account
the resources of the sponsor.

» Professional ethics: Professional conduct, both in relation to the spon-
sor and within the team itself, is essential, so students must maintain an
awareness of ethical principles while meeting the project demands.

Assessment Procedures

Independent formative and summative evaluations of the EPICS program
have been conducted each semester by Professor J. William Asher, of
Purdue’s Educational Studies Department. In assessing the students’ atti-
tudes toward the program, the formative evaluations have been especially
useful. A majority of the students cite the opportunity to obtain “practical,
real-world experience in engineering design” as their primary reason for par-
ticipating in the EPICS program. In every semester, however, a significant
number of students also identify the opportunity to do community service
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as a major factor in their EPICS participation. Many of the students report
that they have done community service in the past, through activities such
as tutoring, church work, scouting, soup kitchens, crisis hot lines, and
volunteer work for Habitat for Humanity. To date, none of the students
has reported prior experience that combines community service with
engineering.

To complement the descriptive evaluations, we have collected evalua-
tion data along the dimensions of the specific program goals. To date, we
have responses from 153 student evaluations, collected at the end of the
spring 1996, fall 1996, and spring 1997 semesters. The students were asked,

Evaluate the impact that EPICS has had for you on each of the following:
Your Technical Skills; Your Understanding of the Design Process; Your
Communication Skills; Your Ability to Work on a Team; Your
Resourcefulness; Your Organizational Skills; Your Awareness of the
Community; Your Awareness of the “Customer” in an Engineering Project;
Your Awareness of Ethical Issues.

Each aspect was to be graded on a letter-grade scale of A (excellent) to F
(poor), plus N/A (not applicable). In compiling the data, each A grade was
assigned 4 points; each R, 3 points; and so on. Not included in the summary
statistics were the 19 (out of 1,316) grades of N/A. The table on the next page

‘shows the distribution, average, and standard deviation computed over

three semesters. .
In all aspects except technical skills, the students’ average rating

" exceeded 3.0, which corresponds to a B. Since the emphasis in the early

stages of a project is on problem definition and brainstorming of possible
solutions rather than on implementation, it is not surprising that the impact
on technical skills is rated lower than the other dimensions. Ability to work
in a team and understanding of the design process received the highest
scores. Community awareness received an average rating of 3.2.

EPICS in the Curriculum

The implementation of EPICS in the engineering curriculum is still evolving.
It currently consists of a vertically integrated track of three courses in the
School of Electrical and Computer Engineering. These courses have the per-
manent numbers EE-290, EE-390, and EE-490, for EPICS participation by
sophomores, juniors, and seniors, respectively. In the spring of 1998, fresh-
men participated in most EPICS teams, thus completing the vertical integra-
tion of the program. The freshmen registered for ENGR-195B because all
freshmen have a common.first year.

ENGR-195B: The primary goal of this course is to provide second-
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Student Responses to the Question: “Evaluate the Impact That
EPICS Has Had for You on Each of the Following”

Distribution of Scores (Points Earned) = Ave.
A4 B(3) C(2) D(1) F(0) Pts. _stdev

— Technicat skills
— 25 80 34 6 4 2.78 0.87

Understanding of the design process
58 44 6 0 1 3.45 0.68

Communication skills
71 66 14 1 0 3.36 0.67

Ability to work in a team
95 46 9 2 0 354 0.67

Resourcefulness
63 72 17 0 0 3.30 0.66

Organizational skills _
47 81 21 3 0 3.13 0.71

Community awareness
63 56 28 3 0 3.19 0.81

Awareness of customer
81 53 14 1 1 3.41 0.74

Awareness of ethical issues
41 62 37 1 0 3.01 0.76

Note: Evaulation is on a 4-point scale with a rating of A corresponding to a 4.0.
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semester freshmen with what is often their first ghmpse of an engineering
project. They attend all team meetings and all meetings between the team
and its project partner. They are expected to learn their team'’s mission,
become familiar with the nature and goals of the community service orga-
nization that is their team'’s project partner, and begin contributing to the
team in any way they can. Because they are freshmen, they often — but not
always — have limited technical skills. Their initial contributions thus usu-
ally take the form of assisting with the writing and editing of team reports
and web pages, participating in brainstorming sessions, testing projects in
the lab, providing support for projects that have been deployed in the field,
and aiding in searches for team resources. Freshmen can register for ENGR-
195B for one credit during their second semester.

EE-290: The objective here is to give sophomores further insight into the
specific EPICS program they have joined and, more generally, into the design
and development process. They, like the freshmen, attend planning and
reporting meetings with the customer and all team meetings. Under the
direction of the team'’s juniors and seniors, they perform and report on tasks
consistent with their level of technical expertise. If they have joined the
team as freshmen, they should already have learned enough — either on
their own, or under the guidance of other team members — to begin mak-
ing technical contributions. Sophomores can register in EE-290 for a total of
two credits — one credit each semester.

EE-390: The responsibilities of the juniors in EE-390 include assisting the
seniors in planning and organizing the project, solving technical problems,

‘meeting with the customer, and supervising sophomores and freshmen. The
juniors have principal responsibility for finding sources of information or
technical expertise needed for the project. Each semester, a junior can reg-
ister for either one or two credits of EE-390, with the number of credits being
their choice. _

EE-490: The seniors enrolled in EE-490 generally are responsible for the
management tasks of planning and organizing their team'’s project activity
and interacting with the faculty advisers and customer representatives.
Their technical responsibilities include system design; solving technical
problems; and training, monitoring, and directing the other team members
in the tasks of system design, construction, testing, and deployment.

Students interested in EPICS are urged to enroll for at least two semes-
ters in a row; otherwise, there is not sufficient time for them to fit into their
team and make significant contributions. The goal is for students to join the
program as early in their academic careers as possible and then continue
with the program — working on the same project each semester — until
they graduate. The results have been very gratifying: Of those students who
can return each semester (i.e., they are not graduating, going on co-op, etc.),
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74 percent do so.

Within the School of Electrical and Computer Engineering, three credits
of EPICS in the senior year fulfill the senior design requirement for the BSEE
degree or can be counted as one of the senior technical electives for the
BSCmpE degree. An additional six EPICS credits can count toward the 46
required credits of ECE courses for the BSEE or BSCmpE degree. An unlimit-
ed number of EPICS credits can be counted as unrestricted electives.
Engineering students from schools other than Electrical and Computer
Engineering also register for EPICS by signing up for EE-290, 390, or 490.
These courses count in their curricula as technical electives.

In the near future, we hope to have EPICS courses established within
each school of engineering at Purdue. We expect this to occur first within the
School of Mechanical Engineering, because approximately one-third of
EPICS students are mechanical engineers. The remaining two-thirds are
mostly students from Electrical and Computer Engineering, with a few stu-
dents from the schools of Aeronautical, Chemical, and Civil Engineering.

Each student in the EPICS program attends a weekly two-hour meeting
of his or her team in the EPICS laboratory and a one-hour lecture given each
week for all EPICS students. These scheduled class and lab times ensure that
students have a common time to meet. Additional meeting and work times
are scheduled by the project team members.

- The weekly one-hour lectures are usually given by guest experts and
cover a wide range of topics. Lectures on communications and reporting
have included topics such as proposal writing, technical presentations, col-
laborative report writing, creating World Wide Web documents, and visual
design. Faculty members from the Krannert School of Management at
Purdue have given presentations on project management, team dynamics,
and a series of six lectures (two per semester) on ethics. The students have
participated in a diversity workshop run by Purdue’s Office of Diversity and
Multicultural Affairs. A series of lectures on entrepreneurship has broughtin
speakers from local start-up companies and the founder of a national engi-
neering company, as well as speakers from the Krannert School of
Management, Purdue’s Office of Industrial Relations ,and Office of
Technology Transfer, the director of the local Business and Industrial
Development Center, and the city attorney for the City of Lafayette. Purdue
engineering faculty and staff have made presentations on the design
process and product safety as well as on technical topics relevant to several
of the teams. The executive director of United Way of Tippecanoe County
has also met with the EPICS students. '
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| Implementing EPICS: Projects and Project Partners

Each EPICS project involves a team of eight to 12 undergraduates, one or
more community service agencies, and a faculty adviser. As has been noted,
each team is vertically integrated, consisting of a mix of sophomores,
juniors, and seniors. Each team is constituted for several years — from ini-
tial project definition through final deployment —- with students partici-
pating for several semesters. This structure makes possible long-term proj-
ects. Over time, each project has five phases: finding project partners,
assembling a project team, project proposal, system design and develop-
ment, and system deployment and support.

Phase 1: Finding Project Partners

Each EPICS project addresses the technology-based problems of one or
more local community service organizations. Agencies with appropriate
problems must, therefore, be found.

When planning for the EPICS program first started in the fall of 1994, we
were able to contact many service agencies at the same time by making a pre-
sentation about the program and its goals at the monthly meeting of the
directors of all local United Way agencies. This single presentation led to many
discussions with individual agencies and a long list of potential projects.

From this list of potential projects, those best suited for the EPICS pro-
gram were selected. Projects are selected based on their:

» Significance: There are a large number of potential EPICS projects with-
in a city the size of Lafayette, IN, which has a population of approximately
100,000. It is not possible for us to pursue all of them, so those that should
provide the greatest benefit to the community are selected.

« Level of technology: Projects must be challenging to, but within the
capabilities of, undergraduates in engineering.

e Expected duration: Although projects might have components that
can be completed in a semester, each project must be long-term, requiring
two or more years of effort from a team of 10 to 15 undergraduates.

Since the first round of projects grew out of the presentation at United.
Way, the source of new projects has been varied. Some projects have been
initiated by faculty; others have been suggested by students. As the program
has become known in the community, several projects have been proposed
by community service organizations themselves. Each year, new projects are
selected by the EPICS faculty, using the significance, level of technology, and
expected duration criteria. From five initial projects in Fall 1995, the program
has grown to seven projects in Fall 1996 and to 12 in Fall 1997. Those 12 proj-
ects are summarized at the end of this article.
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Phase 2: Assembling a Project Team

.Once a project and project partner have been identified, a student team
is organized. This is done by advertising the project in undergraduate class-
es and on the World Wide Web. Eight to 12 students are chosen for each proj-
ect team. Depending on the needs of the project partner, teams might reflect
a single engineering discipline or be multidisciplinary, including students
from two or more engineering fields.

The team must be vertically integrated: It must consist of a mix of
sophomores, juniors, and seniors. Each student is requested to participate in
the project for as many semesters as possible. The combination of a verti-
cally integrated team and long-term student participation ensures continu-
ity in projects from semester to semester and year to year. Projects can thus
last many years if new students, especially freshmen and sophomores, are
recruited for the project as team members graduate.

Phase 3: The Project Proposal

During the first semester of a project, the project team meets several
times with its project partner and the EPICS faculty to define the project and
determine its goals. During this phase, the project team learns about the
mission, needs, and priorities of the project partner. A key aspect of this
phase is identifying projects that satisfy three criteria: They are needed by
the project partner; they require engineering design; and they are a reason-
able match for the team’s capabilities. Also, to ensure that the students build
confidence and the project partners see progress, the teams are encouraged
to pursue a mix of long-term and short-term objectives. Short-term projects
generally require only one or two semesters to complete; long-term projects
take two or more years. This process of project definition culminates in a
written proposal and presentation in the fourth week of the semester. The
proposal is critiqued during a lab session, with detailed feedback provided in _,
the areas of organization, content, technical approach, and writing. The pro-
posal must be approved by the EPICS faculty and then be accepted by the
project partner.

Phase 4: System Design and Development

Starting from week five of the first semester of a project, the project -
team'’s goal is to produce a prototype of the hardware and software systems
discussed in the proposal. Interaction with the project partner continues, to
ensure that the systems being designed and developed are as desired. The
formal portion of this interaction takes the form of a written progress report
and an oral presentation delivered by the project team to the EPICS faculty
and the project partner at the middle and end of each semester. These
progress reports must meet the same standards as the proposals do. The
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project team demonstrates the current state of its systems to a team of
EPICS faculty every five weeks for the duration of the project.

Phase 4 lasts as many semesters as is necessary for the team to com-
plete the project to the satisfaction of the project partner.

Phase 5: System Deployment and Support

The ultimate goal of each project team is to deliver a system to the proj-
ect partner. After fielding a prototype, the team muist train the agency’s rep-
resentatives to use the system, collect feedback, and make any reasonable
changes requested by the partner. One of the hallmarks of the EPICS pro-
gram is that the systems designed and built by the students are deployed in
the field, where they provide real, needed service to the community.

Once an EPICS team has deployed a system and provided sufficient
training for agency staff, the project is in principle over. We have yet to see
this occur, however, because the EPICS teams are often working on several
systems at any one time, and ideas for additional systems or improving cur-
rently deployed systems are constantly being generated. We do not envision
any of the 12 current EPICS projects ending in the next few years. Thus, the
EPICS teams exhibit a key characteristic of corporations: They continue to
generate new or improved projects and to branch out into new markets.

Results

The seven EPICS teams that have been in operation for a year or longer have
already deployed a substantial number of systems to, or provided substan-
tive services for, their agency partners. To detail here these systems and ser-
vices is not possible due to lack of space. Thus, we provide below an abbre-
viated list, and ask interested readers to consult the EPICS website
(http://www.ecn.purdue.edu/epics) for more details.

All EPICS projects are very ambitious in scale and hence require sub-
stantial time to produce systems that can be delivered in the field. The deliv-
erables described opposite were all produced between the fall of 1995 and
the fall of 1997 — in other words, in less than two years.

One of the delivered systems — the remote control lock that is custom-
designed for school lockers — has commercial potential. An EPICS student
has formed a small company to make the 30 locks ordered by the Greater
Lafayette Area Special Services to aid the students it serves in several
schools in Lafayette. This type of remote-controlled lock might one day be
available for disabled students throughout the country. It represents an
excellent example of the impact that the EPICS program can have.

-
.
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Systems Delivered and Services Provided by EPICS Teams

Children's Clinic at Wabash Center — ECE Emphasis: Doll house kitchen with
electronically controlled refrigerator door, lights, and kitchen sounds activated by a child
via a large, easy-to-use touch pad.

. Children's Clinic at Wabash Center - ME Emphasis: A four-button phone adapted for
children with physical disabilities. The structure and controls of a commercially available
electric car were modified to allow safe use indoors and to provide better back support.

Habitat for Humanity: New design for construction of comers that minimizes air leakage;
brochure for homeowners describing ways to save energy through proper choice of light
bulbs and how to compute the expected savings; thermal imaging of houses to determine
their energy efficiency.

Home Healthcare Services: Several improvements, including email and automated file
backup, made to the agency's computer network; system designed to enable network-
wide access to the agency's printer; field-testing of first prototype of nurse scheduling
software, with much improved second version nearly completed.

Homelessness Prevention Network: Computers with stand-alone databases delivered
to six agencies for their use over the last six months. Central server and its software have
been developed and are currently being tested in the lab.

Lafayette Crisis Center: First prototype of kiosk developed and field-tested; second
prototype nearly finished. Kiosk automatically updates its local database each night from
the official database at the Lafayette Crisis Center. Kiosk can connect users to any
community service organization via an automatically dialed phone.

Speech-Language and Audiology Clinics: Software for counting the number of
syllables in spoken dialogue completed and tested; real-time implementation on special-
purpose hardware under way. Infrared-controlled lock installed at local middle school for a
physically disabled student. Tracheal model to assist laryngectomy patients in use.
Several versions of voice-interactive children's software in use.
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Summary of Fall 1997 EPICS Projects

1.

Title: Children's Clinic at Wabash Center - ECE Emphasis.

Project Partner: The Wabash Center Children's Services.

Facts: Begun in Fall 1995; 7 ECEs, 1 IDE, and 3 MEs on Fall 97 team.

Tasks: Develop computer-controlled toys for children with physical disabilities.
Develop an artificial sensory environment to provide multi-sensory stimulation
and a sense of control to children with physical disabilities.

Technologies: Motors, electronics, computer controls.

Impact: Expanded capabilities and control of their environment for children with
physical disabilities.

Title: Children's Clinic at Wabash Center - ME Emphasis.

Project Partner: The Wabash Center Children's Services.

Facts: Begun in Fall 1996; 3 ECEs, 5 MEs, and 1 MSE on Fall 97 team.

Tasks: Develop electro-mechanical toys and play areas for children with physical
disabilities. Provide ways for physically disabled children to control their motion
and to play with their peers.

Technologies: Structures, actuators, ergonomics, safety.

Impact: Improved methods for encouraging physically disabled children to develop.
socially and to develop their sense of motion.

Title: Habitat for Humanity.

Project Partner: The Greater Lafayette Chapter of Habitat for Humamty

Facts: Begun in Fall 1996; 7 ECEs, 1 CE, 1 ChE, 1 IE and 2 MEs on Fall 97 team.

Tasks: Design systems and structures to minimize home construction and energy
costs. Develop new construction techniques and investigate new construction
materials..

Technologies: Power electronics, solar cells, heat flow, materials, energy efficient
structures.

Impact: Lower-cost houses and lower home operating expenses for the working poor. ’

Title: Home Healthcare Services.

Project Partner: The Visiting Nurse Home Health Service.

Facts: Begun in Fall 1995; 10 ECEs on Fall 97 team.

Tasks: Develop software to manage nurse scheduling and point of care service.
Design and build RF-controlled locks and appliance controls to enable home-
and bed-bound patients to control their houses.

Technologies: Scheduling algorithms, databases, wireless remote control, electro-
mechanical systems.

Impact: More efficient use of agency personnel; new capabilities to help patients.

(4
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Title: Homelessness Prevention Network.

Project Partner: Eight Agencies of the Tippecanoe County Homelessness
Prevention Network.

Facts: Begun in Fall 1995; 11 ECEs and 3 Sociologists on Fall 97 team.

Tasks: Design and implement a centralized database that allows the agencies to
coordinate their services, track their clients, and assemble accurate reports
without violating clients’ confidentiality.

Technologies: Databases, cryptography, communication, software.

Impact: Improved coordination of agencies serving the homeless; more accurate
understanding and reporting of the scope of homelessness in Tippecanoe
County, Indiana.

Title: Imagination Station/Burtsfield Elementary School.

Project Partner: Imagination Station (an interactive science and space museum) and
Burtsfield Elementary School.

Facts: Begun in Fall 1997; 5 ECEs and 5 MEs on Fall 97 team.

Tasks: Develop systems to aid in science, mathematics and technology education.

Technologies: Networked multi-media systems, human-computer interfaces, video
technology.

Impact: Improved educational resources for the community.

Title: Indiana Division of Families and Children.

Project Partner: The four service agencies comprising Alternative Community-Based
Services.

Facts: Begun in Fall 1997; 10 ECEs, 1 ME, and 2 Sociologists on Fall 97 team.

Tasks: Develop a centralized database to help the four service agencies coordinate
their activities and share information. Develop custom palm-top software to aid
service personnel visiting families.

Technologies: Databases, cryptography, communication, software.

Impact: Improved and less-expensive social services for at-risk children and their
families.

Title: Klondike Elementary School.
Project Partner: Klondike Elementary School.
Facts: Begun in Fall 1997; 9 ECEs and 3 MEs on Fall 97 team.

Tasks: Design of custom educational software, sound systems, and multimedia tools
for education.

Technologies: Acoustics, electronics, software.
Impact: Improved educational environment.

Title: Lafayette Crisis Center.

Project Partner: Lafayette Crisis Center.

Facts: Begun in Fall 1995; 8 ECEs and 2 MEs on Fall 97 team.

Tasks: Design stand-alone kiosks that will provide information about community
services to people in need of assistance. Incorporate means of contacting
appropriate agencies.

Technologies: Databases, human-computer interfaces, weather-proof enclosures,
touch-screens.

Impact: Improved access to community services.
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10. Title: Office of the Dean of Students.

Project Partner: Purdue University's Office of the Dean of Students.

Facts: Begun in Fall 1997; 4 ECEs and 8 MEs on Fall 97 team.

Tasks: Design classroom fumiture for physically handicapped college students;
develop closed-captioning systems for deaf and hard-of-hearing college
students.

Technologies: Structures, closed-captioning systems, ergonomics, mechanics.

Impact: Improved access to education for physiczally disabled and hard-of-hearing
students. '

11. Title: Speech-Language and Audiology Clinics.
R Project Partner: The M. D. Steer Audiology and Speech-Language Center.
. Facts: Begun in Fall 1995; 7 ECEs and 2 MEs on Fall 97 team.

Tasks: Automate calculation of speech rate for clinical sessions. Design specialized
speech recognition systems. Design directional microphone system for hearing
aids.

Technologies: Speech synthesis and recognition, human-computer interfaces.

Impact: New services for the clinic’s clients; improved feedback on effects of therapy.

12. Title: Tippecanoe County Historical Association.
Project Partner: The Tippecanoe County Historical Association.
Facts: Begun in Fall 1997; 9 ECEs and 2 MEs on Fall 97 team.
Tasks: Develop multi-media and electro-mechanical systems for on-line storage and
interactive presentation of historical information.
Technologies: Video/image processing, image database management, virtual reality.
Impact: Enhanced access to and use of historical archives and'sites.
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Service-Learning in a
Variety of Engineering Courses

by John Duffy

This chapter represents a case study in why and how service-learning was
Introduced into several engineering courses. The approaches described here
might be useful to others who plan to employ service-learning in their
courses. The chapter also presents a poll of student opinions. It begins with a
brief consideration of the basic what, why, and how of service-learning in
engineering.

What Is Service-Learning?

Service-learning has been defined as “a form of ‘experiential education In
which students engage in activities that address human and community
needs together with structured opportunities intentionally designed to pro-
mote student learning and development. Reciprocity and reflection are key
concepts of service-learning” (Jacoby and Associates 1996: 5). Service-learning
has a two-fold focus: learning for the student and service to the community.

There are 10 principles of good practice in combining service and learn-
ing, according to the National Society for Experiential Education (Honnet
and Poulsen 1989). These include “an effective and sustained program that”

* engages people in responsible and challenging actions for the common
good;

» allows for those with needs to define those needs;

* provides structured opportunities for people to reflect critically on the

service experience; and
¢ includes training, supervision, monitoring, support, recognition, and
evaluation (13-16).

Why Service-Learning?

The approach of service-learning is consistent with the theories and empir-
1cal research of a number of leading educators and developmental psychol-
ogists, including Dewey, Piaget, Kolb, Kohlberg, Perry, Belenky et al., Baxter
Magolda, and Coles (see Brandenberger 1998 and references in Jacoby and
Associates 1996). The approach is also consistent with the recent change in
paradigm in education from a focus on teaching to a focus on learning (Barr
and Tagg 1995; Johnson, Johnson, and Smith 1991). Astin, Sax, and Avalos
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(1998), in extensive surveys of thousands of college students over a number
of years, found service to be beneficial in retention, in community service
after graduation, in racial interaction, in civic responsibility, and in develop-
ment of a meaningful philosophy of life. Positive cognitive and attitude
development is expected of students involved in service-learning.

Recently Eyler and Giles (1999) questioned 1,500 students from 20 col-
leges/universities in a study of the effect of service-learning. Service-learn-
ing was found to impact positively tolerance, personal development, inter-
personal development, and community and college connections. Students
reported working harder, being more curious, connected learning to person-
al experience, and demonstrated deeper understanding of subject matter.
The quality of placements in the community and the degree of structured
reflection were found to be important in enhancing these positive effects,
significantly so for critical thinking. The authors summed up effective ser-
vice-learning principles in five C’s: connection (students, peers, community,
faculty; experience and analysis); continuity (all four years; reflection before,
during, after service); context (messiness of community setting is integral to
learning); challenge (to current perspectives; not overwhelming); and coaching
(opportunity for interaction; emotional, intellectual support).

Why Service-Learning in Engineering?

The Accreditation Board for Engineering and Technology (ABET. 1998) has

" issued a new set of criteria for engineering programs. In addition to more

traditional technical issues, the new criteria include the demand that grad-
uates demonstrate:

e an ability to function on multidisciplinary teams;

e an understanding of professional and ethical responsibility;

e an ability to communicate effectively;

* a broad education necessary to understand the impact of engineering
solutions in global and societal contexts;

* a recognition of the need for, and an ability to engage in, lifelong learn-
ing; and

* a knowledge of contemporary issues.
It appears that service-learning team projects have the potential to ensure
that students learn and demonstrate these qualities as well as the ability to
apply engineering to the design and analysis of systems and experiments.

How to fit more material into an already packed curriculum is, of
course, a continuing challenge to engineering educators and students.
However, service-learning might itself offer a way to integrate activities

. designed to strengthen abilities in technical areas with otherwise discrete

efforts focused on the development of nontechnical competencies. As other
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chapters in this volume indicate, service-learning has been integrated into a
variety of engineering courses, particularly capstone design courses and
directed studies. For example, Purdue’s EPICS program model (see chapter by
Coyle and Jamieson) has now been adopted at Notre Dame and Iowa State.
The University of Utah, well represented in this volume, has a variety of
engineering courses involving service-learning. Other schools, such as
Colorado State University, have established service-learning programs in
engineering (see Campus Compact documents and website: www.com-
pact.org). However, compared with the 11,800 service-learning courses
reported by 575 member campuses of Campus Compact (1998 survey report-
ed in Eyler and Giles 1999), service-learning in engineering still has a way to
go before it is on a par with analogous work in other disciplinary areas.

How Were Projects Set Up?

At the University of Massachusetts-Lowell (UML), I am responsible for three
graduate courses in solar engineering, one graduate course in manufactur-
ing systems, two undergraduate courses in laboratory methods, and one
capstone design course. Just as I was trying to think of a way to incorporate
service into these courses, I found out that the university’s Office of
Community Service was trying to organize a student chapter of Habitat for
Humanity. The proverbial light went on! Later, after designing service proj-
ects in conjunction with Habitat for Humanity, I also began designing proj-
ects with communities in Peru. Most recently, I have collaborated with
AmeriCorps volunteers and several neighborhood groups in Lowell. Before I
turn to the actual projects, however, a few contextual clarifications are in
order.

Habitat for Humanity International is an organization “dedicated to elim-
inating substandard housing and homelessness worldwide and to making
adequate, affordable shelter a matter of conscience and action. Habitat has
built more than 65,000 houses around the world, providing more than
300,000 people with safe, decent, affordable shelter” (Habitat 1998). Since
1987, more than 500 campus chapters have been formed in several countries.

Affordable, comfortable housing is particularly needed in the city of
Lowell, which has high unemployment and a low average income. In addi-
tion, the Lowell community needs to be educated as to the potential of pas-
sive solar systems and energy-conservation techniques in new and retrofit-
ted housing. To meet this educational need, service-learning projects were
incorporated into several engineering courses. The goal was to increase
both student and community understanding of solar energy through initia-
tives focusing on the design and testing of solar and energy-efficient fea-
tures in Habitat housing located near the university. It was only logical that
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