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ABSTRACT

Engineering education faces significant challenges as it seeks to
meet the demands on the engineering profession in the twenty-
first century. Engineering faculty will need to continue to learn
new approaches to teaching and learning, which in turn will
require effective professional development for both new and
experienced instructors alike. This article explores approaches to
effective professional development and provides a conceptual
framework for responding to the challenge of becoming a
professional engineering educator. The “cycle of professional
practice” is introduced as a prelude for identifying what
individual professors and their institutions can do to generate
more powerful forms of engineering education. The article
concludes with two case studies that illustrate the possibilities
when faculty and academic leaders join together in addressing

calls fo‘x_' ghange.

Keywords: faculty development, professional development, engi-
neering education

1. INTRODUCTION

In the first half of the twentieth century, engineering education
focused primarily on the application of techhiques. Laboratory
' problems were constructed with practical problems in mind.
Following World War I1, engineering educators realized that their
students needed more than techniques; they needed to understand
the science underlying the techniques. This led to curricula that
included more science courses and a greater focus on theoretical
problems [1]. During the last decade of the twentieth century,
however, calls emerged for yet another round of major reforms and
a new kind of engineering education. In this article we first discuss
the need for a new kind of engineering education. We then discuss
how individual engineering educators can respond and how institu-
tions can support their effort, and we present two case studies that
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illustrate how individual and institutional efforts can improve
engineering education. We conclude by proposing some directions
for research and other actions in professional faculty development.

I1. THE CHALLENGE

The mid- to late 1990s produced a number of now well-known
reports calling for reform not only of engineering education [2—6],
but also of undergraduate education at our nation’s research univer-
sities {7]. The titles themselves convey a consistent message of the
need for major educational transformation: Engineering Education

Jor a Changing World; Engineering Education: Designing an Adaptive
System; Restructuring Engineering Education: A Focus on Change;
Shaping the Future; Transforming Undergraduate Education in Sci-
ence, Math, Engineering and Technology; and Reinventing Under-
graduate Education. These reports call for curricula that are relevant
to the lives and careers of students, attractive to all types of students,
and connected to the needs and issues of the broader community
[2]. They call for curricula that include integrated and experiential
activities and early exposure to engineering [2—4]; provide an inter-
disciplinary perspective [3-5]; address different learning styles
[2-5]; focus more explicitly on skills such as problem-solving, com- -
munication, team and leadership, and life-long learning [2-5]; em-
phasize the social, economic and, environmental impact of engi-
neering decisions [2-4]; take a systems approach [2, 3]; stress
design [3, 4]; and incorporate ethics [2]. Further, they call for these
changes to be informed by cognitive science and educational re-
search [3] and to educate students for life by helping them learn
how tolearn [2—4].

These are significant challenges. They remind us that students
and their learning should be the focus of the educational process
[4]. They require a redesign of the curricula, courses, and classroom
pedagogy in ways that cause us to reframe the roles of faculty and
students in the educational process [8-12], i.e., to rethink our
“mental model” of teaching and learning [3-5]. Similarly, these
challenges cause us to reframe our thinking about the importance of
institutional support. For example, a recent National Research
Council report called for universities to create both general and dis-
cipline-based teaching and learning centers to support faculty in the
creation of innovative courses and pedagogy [6, p. 9]. In the end,
however, the individual engineering educator must take the initia-
tive, and institutions must support and value these individual
efforts.

IIL. THE CYCLE OF PROFESSIONAL PRACTICE

In their work as researchers, consultants, and professional engi-
neers, engineering faculty follow a pattern of practice we call the
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“cycle of professional practice” (Figure 1 (a)). In this cycle, engineer-
ing faculty continually expand their technical knowledge and develop
new competencies. Their work involves identifying, modeling, and
analyzing engineering problems; generating, implementing, and
evaluating solutions; and disseminating their work in the engineer-
ing literature [13]. Over time, this process leads to greater technical
knowledge and better practices within the engineering community.
This is the means by which engineering faculty traditionally further
their technical professional development.

The cycle of professional practice is equally applicable to address
the challenges facing engineering education where the focus is to solve
educational problems rather than engineering problems (Figure 1 (b)).
Thus, the cycle begins by first identifying the educational problems.
The generation, implementation, and evaluation of solutions
should take advantage of the body of knowledge in the cognitive
sciences and educational research [3] as well as knowledgeable
educational experts, a resource often found in campus teaching and
learning centers [6]. The cycle concludes by disseminating the
results so that they may be adapted and used by others. Through
this cycle of professional practice, engineering faculty members can
create a new and more powerful form of engineering education.

IV. THREE STAGES OF DEVELOPMENT

“Expert teachers” possess knowledge in three areas: content knowl-
edge (ie., their disciplinary expertise), pedagogical knowledge (e.g.,
how students learn, what types of pedagogy are most effective for cer-
. tain learning goals), and pedagogical-content knowledge (e.g., how to

recognize and correct students’ misconceptions in the domain, how to
demonstrate procedures and methods used in the discipline, how to
explain particular concepts within the content area). However, exper-
tise in any domain is developed through years of practice (ten years is
the often-cited numiber [14-16]) and teaching is no different. It is a
skill that can be learned and improved with the right information, ap-
propriate practice, and directed feedback [16-18]. An increasing
number of engineering educators are sharing valuable approaches,
strategies, and techniques on teaching and learning [19-28].

The focus of this paper, however, is not about teaching tech-
niques. Instead, its purpose is to offer a new way to think about the
development of the professional engineering educator. In some re-
spects we focus on meta-cognition, that is, we focus on the cogni-
tive processes that faculty follow as they learn more about teaching
[8]. In this regard, they often work their way through three increas-
ingly sophisticated stages of development.

A. Enhance Common Teaching Techniques

When faculty members begin teaching and observe things they
deem problematic, e.g., students not attending class, not doing the
homework, not understanding the material, or not performing well
on exams, their first response is often to work on improving their
teaching techniques, i.e., to learn more about the nuts and bolts of
teaching. At this stage faculty might ask how they can make their
lectures more interesting and engaging, how they can write better
exams, or how they can best use technology to enhance their lec~
tures [29, 30].

There is much to learn about teaching techniques. However, at
some point, many faculty realize that no matter how well they
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lecture or write their exams, a gap still exists between student perfor-
mance and faculty expectations. When this happens, faculty often
move to the next level: examining what constitutes effective teach-
ing, what defines deep-level learning, and what characterizes ap-
propriate faculty and student roles in the process.

B. Understand the Science and Principles of Learning
and Teaching

While learning more about teaching techniques helps instruc-
tors to be more effective at what they are already doing, understand-
ing the principles of learning and how they impact teaching can help
them create new and more powerful forms of learning. In other
words, the problem may not be that the instructor is a poor lecturer,
but rather that lecturing is not the best way to engage students in
the learning process.

Initial inquiries on the principles of learning may focus on fun-
damental issues: how people learn [18, 31], how students process
information [32], how prior knowledge affects learning, what we
know about the impact of organization on the ability to retrieve and
use information flexibly [13-15, 17, 18], or on the varied ways that
different individuals learn [31~37]. Following naturally from these
more general issues are more specific questions about learning goals,
including what different kinds of knowledge would constitute sig-
nificant learning for students. For example, psychologists have dis-
tinguished among declarative knowledge (define and describe),
procedural knowledge (how learners use or apply declarative knowl-
edge), structural knowledge (how concepts in a domain are interre-
lated), and contextual knowledge (when to access certain principles
or concepts and when to use certain procedures) [37]. Different tax-
onomies of learning exist that can help faculty more clearly define
measurable goals that can then guide the design of courses [38—40].
Defining goals inevitably leads to a discussion of both how to
achieve those goals (in and out of class activities) and how to mea-
sure whether students have met those goals. In this vein, faculty
often ask what “active learning” rea/ly means and why research indi-
cates that the more active the students are the deeper their under-
standing will be. They want to know, for example, how and why
specific kinds of learning activities help students facilitate the stor-
age of information in long-term memory and create a stronger rep-
resentation and multiple avenues for retrieval [18, 34, 41-44].

Because goals and learning activities must be aligned with as-
sessment [45], at this stage consultants and faculty often discuss
how to create assessment activities that support high-quality stu-
dent learning (rather than just giving a basis for assigning grades),
what is often referred to as educative assessment [46]. This includes
decisions on how to provide information on students’ strengths and
mastery of material, as well guidance on how to improve under-
standing and performance. Students need feedback on their learn-
ing that aflows them to grow as learners and sharpens their under-
standing of specific subject matter. This feedback can come from
the teacher, other students, and their own self-reflection [46—~48].

Another important aspect of effective teaching is to integrate the
major components of a course (learning goals, teaching/learning ac-
tivities, feedback, and assessment) [38]. These three components
need to support and reflect each other in a coherent teaching strate-
gy. That is, the combination and sequence of learning and assessment
activities should build energy, engage students, and allow the learn-
ing to develop and grow stronger as the course proceeds. An educa-
tor can create his or her own teaching strategy or adopt a general
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teaching strategy. Two general strategies that many educators have
found valuable are team-based learning (TBL) [49] and
problem-based learning (PBL) [50].

Engineering educators who become more knowledgeable about
the learning process find that it allows them to engage in a higher
order of problem solving. Instead of focusing on questions like
“How can I improve my lectures?” they now explore questions like
“How can I integrate and align active learning and assessment into my
courses to generate more sophisticated and significant learning?”

However, even when an instructor develops and implements
strategies that have proven to be effective, something may still be
missing; the spark and energy of exciting teaching and learning may
still not be there. When this happens, the instructor may need to
explore the next level of learning.

C. Explore the Humanistic Dimension of Education

Ultimately, teaching is an action with a profound human dimen-
sion. Being a responsible contributor to this process requires that we
try to understand our own—and our students—passions, motiva-
tions, and life experiences. As basketball great Michael Jordan once
said, “There is more to basketball than basketball,” meaning that we
have to understand ourselves, our teammates, and the other players,
i.e., the human dimension of the game, to play well. Similarly, when
professors pursue this dimension of teaching, there are a number of
issues they can explore. They can ask themselves what unique “hu-
manity” they bring to the teaching and how they can use that hu-
manity to teach in an inspired and inspiring way. They explore ways
to share their passion for their subject with students who are often
very different from us, their teachers [51~54]. Instructors must ask
how they can more fully understand and relate to students as human
beings. Research indicates that this generation of students (some-
times called the “millennials”) is very different from past genera-
tions, and to be effective instructors we need to understand how and
why they are unique [55, 56]. What (and how) can instructors learn
about their students’ potential and needs as human beings in 2 way
that is appropriate to the role of an educator [57]?

At the apex of this dimension, teachers think about learning and
life and what they can do to help students see the central role of
learning in life (referring here to both course-based and life-based
learning) [58, 59]. An abundance of research clearly indicates that
various dimensions of personal growth and change occur duting a
student’s college experience and it also shows that educators impact
this growth and development often without even realizing it [60,
61]. Educators should have an awareness of their “growth edges,”
i.e., those aspects of teaching where they feel uncertain and in need
of new and better ideas to guide their actions.

An awareness that there is much to be learned can be both excit-
ing and daunting. While the amount of information available can
be overwhelming, the path to expertise is traversable and there are
people, e.g., faculty developers, engineering colleagues, available to
help with the journey.

V. TEACHING AND LEARNING RESOURCES.
A survey by the SUCCEED Coalition in 1997-98 found that
engineering faculty are interested and do participate in activities
aimed at increasing their effectiveness as professional engineering

educators [62]. Sixty percent of the respondents in that survey
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indicated a change in the way they teach as a result of their partici-
pation in SUCCEED workshops and seminars. Many colleges and
universities have campus-based programs to help faculty develop as
professional educators, and some colleges of engineering, as well as
national organizations, have created centers and programs dedicated
specifically to engineering education.

A. Campus-Based Programs

Beginning in the late 1960s, 2 number of institutions established
on-campus programs to help faculty and/or graduate students learn
about college-level teaching. Today it is estimated that approxi-
* mately 25 percent of all institutions offering at least a four-year pro-
~ gram have a teaching/learning.center; nearly 60 percent of all re-

_ search universities have one; and the total number of institutions
with such programs is increasing each year [63]. Though program
names vary—instructional development program, center for teach-
ing excellence, center for teaching and learning—their goals and ac-
tivities have a great deal in common. '

Campus-wide faculty development programs have traditionally
offered three types of services: individual teaching consultations,
workshops, and support for personal development [64]. In individual
consultations faculty members work with instructional consultants to
plan and deliver teaching consistent with their goals and based on
learning principles, their particular student population, the size of the
class, the faculty member’s style as a teacher, etc. The consultants help
faculty examine what they want students to learn and then explore
what materials, media, and teaching strategies will most effectively
support their learning goals. Consultants also help faculty gather and
analyze formative data early in a course so they can gauge what is
working well and address what is problematic; consultants can help
analyze and act on end-of-course student evaluations as well.

Most programs also offer workshops, which can be more re-
source efficient than individual consultations. These workshops
may focus on a wide range of topics, such as systematically design-
ing courses, creating active learning opportunities, designing effec-
tive grading procedures, understanding how students learn, and
using instructional technology effectively—in essence, sharing in-
formation and showing the realm of possibilities. Some programs
offer consultations or workshops focused on personal development
as well, recognizing that dealing successfully with personal issues is
likely to improve work performance. Faculty participants in these
programs receive assistance with issues such as enhancing interper-
sonal skills, maintaining wellness, balancing work-life demands,
and life-career planning [65].

During the last decade or so, some directors of faculty develop-
ment programs have felt constrained by programs focused on meet-
ing the needs of individual faculty members, i.e., those who volun-
tarily spent time and effort on becoming more effective teachers. In
many cases, this was only 20 percent or so of the faculty. As an alter-
native, some programs directors have turned to one or both of the fol~
lowing strategies, usually in addition to traditional approaches.

The first strategy is to link program activities to institutional
initiatives. Rather than asking what individual faculty members
need, these programs take their cues from institutional initiatives,
e.g., efforts to promote interdisciplinary learning, active learning,
writing across the curriculum, or the use of instructional technology.
They offer workshops or consultations based on these issues and
often get greater faculty participation because there is greater
administrative support and encouragement.
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The second strategy is to work with administrators to make effec-
tive teaching and instructional development higher institutional pri-
orities. Some faculty indicate they would like to participate in profes-
sional educational development but, in their view, the institution does
not reward good teaching or learning about teaching [66]. Faculty
who have this perception frequently decide to focus on activities that
are rewarded, such as writing grant proposals, doing research, and
writing for publication. To counter this tendency, some faculty devel-
opers work with chairs, deans, and provosts, encouraging them to re-
examine the institution’s infrastructure (especially the faculty incen-
tive and reward structure) and the way it affects faculty behavior.

B. Engineering Focused Programs _

Engineering is ahead of many other disciplines in efforts to improve
education. During much of the 1990s, there was considerable activity to
improve engineering education. The Engineering Directorate of the
National Science Foundation (NSF) funded seven Engineering Edu-
cation Coalitions [67], multi-institutional collaborations that focused
on designing, implementing, and assessing new approaches to under-
graduate education. For example, the Synthesis Coalition promoted,
among other things, the innovative use of technology, while the SUC-
CEED Coalition offered a coordinated faculty development program.
NSF also funded, during this time, the Engineering Education Schol-
ars Workshops, week-long programs aimed at helping new Ph.D.
graduates transition more easily into teaching [68].

The 1990s also saw the creation of new centers focusing on
engineering education, for example, the Center for Engineering
Learning and Teaching (CELT) at the University of Washington,
Seattle [69]. This center was one response to meeting the chal-
lenge of improving engineering education through both research
in engineering student learning and faculty development (by shar-
ing research findings). Others like it exist at the University of Tlli-
nois at Urbana-Champaign, Arizona State University, University
of South Carolina, Georgia Institute of Technology, Purdue Uni-
versity, Pennsylvania State University, and the Colorado School
of Mines, to name a few. More recently (2002), the National
Academy of Engineering created the Center for the Advancement
of Scholarship on Engineering Education (CASEE) to foster a cli-
mate of continuous improvement in engineering education by ex-
tending the research base on engineering education and translating
research results into actual practice in the classroom [70].

In 2001, the NSF addressed the need to make engineering educa-
tion scholarship more prestigious by announcing the first Director’s
Awards for Distinguished Teaching Scholars, awarding seven faculty
members $300,000 each over four years to continue and expand
their work this field [71].

Besides these newer programs and centers, we must not forget the
long history of the American Society for Engineering Education
(ASEE), founded in 1893 to promote and improve engineering educa-
tion [72]. More recently, the Frontiers in Education conferences
began, also dedicated to promoting the widespread dissemination of
innovation in engineering education [73]. Suffice it to say that support
for enhancing engineering education goes well beyond college campuses.

VI. INSTITUTIONAL ROLE

Colleges of engineering can excel at teaching and learning when

the majority of their faculty develop and achieve a high level of
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professional pedagogical knowledge and competence. Achieving
excellence requires administrative and faculty leadership.

A. Promote Cultural Change

Culture is typically defined as the common set of beliefs and val-
ues that create a shared interpretation and understanding of events
and actions [74, 75]. Rousseau describes the major dimensions of
culture as physical manifestations or material artifacts, patterns of
behavior, behavioral norms, values, and fundamental assumptions
[76]. Until recently many would argue that the culture of the acade-
my, particularly at research institutions, includes valuing research
more than teaching, which is what led Boyer in 1990 to propose
four types of scholarship, including the scholarship of teaching [12].
For the reforms in engineering education advocated in this article
and others in this issue to be enacted, the culture of engineering
schools must continue to evolve to the point where the changes ad-
vocated (broad participation of engineering faculty in professional
development activities) will be reinforced by an explicit set of expec-
tations, a support structure, and a compatible faculty reward system.

1) Establish clear expectations of continuous growth as professional
educators: When working to establish what may be a new expecta-
tion for faculty work, it helps to emphasize that the new activity is
similar in character to what the faculty already do as researchers,
consultants, and/or professional engineers, and that they are simply
extending and applying an established pattern of professional prac-
tice to another major area of faculty responsibilities. This is the ap-
proach taken by two National Science Foundation Centers for
Learning and Teaching (Center for the Advancement of Engineer-
ing Education and the Center for Integration of Research,
Teaching and Learning) as well as the National Academy of Engi-
neermg s Center for the Advancement of Scholarship on Engmeer—
ing Education.

2) Provide the necessary support services and learning opportuni-
ties: In the dialogue between administrators and faculty that is
needed to bring about change, faculty will rightfully identify current
barriers, including the need to make time for new activities (“What
can we unload to make room for these things?”), the need for op-
portunities to learn (having access to workshops in the college, on
the campus, or at professional conferences), authorization to experi-
ment with new ways of teaching without risking low annual teach-
ing evaluations initially, and access to instructional consultants and
good teachers to serve as coaches and mentors.

These are legitimate questions and needs. Administrators and
faculty leaders will have to search for creative ways of meeting these
needs while continuing to address other institutional needs, doing
research and providing service.

3) Assess and reward effective teaching ana' learmng about teaching:
As faculty members learn about and become competent with new
ways of teaching, assessment of teaching effectiveness must go be-
yond a sole reliance on end-of-course student evaluations to the use
of course materials, examples of student learning, etc. These en-
hanced definitions of effective teaching need to be incorporated
into the criteria for annual evaluations and teaching awards. Another
way to reward learning about teaching is to encourage and reward
faculty who part1c1pate in the scholarship of teaching and learning.
As faculty participate in the scholarship of teaching and learning,
they can evaluate the impact and publish reports of their experiences
in places like the Journal of Engineering Education or in journals on
college teaching. Educational research may use methods that differ
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from the quantitative methods familiar in traditional engineering
research, but it can be carried out and evaluated with the same stan-
dards of rigor [77] and should count in the same way toward pro-
motion and tenure [78].

As engineering departments and colleges incorporate changes
such as those outlined above with the goal of influencing faculty be-
havior and performance, they will—over time—see faculty grow as
professional educators. However, to make and sustain such
changes, administrative and faculty leaders will need to address a
number of organizational issues as well.

B. Enhance Leadership

The above change in culture must be purposeful and can only
happen with the support of academic leaders, including senior fac-
ulty, department heads, and deans. Attention must be paid to initi-
ating and managing change. Two considerations are key: (1) align
all procedures and decision-making groups and (2) learn how to ini~
tiate and sustain significant change efforts.

Many change models are available to encourage the kind
of culture change that would lead to an increase in faculty de-
velopment and an improvement in student learning. There is
a robust literature that academic leaders can draw upon, as
well as an increasing number of faculty development pro-
grams that now offer seminars for department heads and
deans. This literature includes, for example, models of
change [79, 80], recommendations on “culture-embedding
mechanisms” [75], and factors that can help change people’s
minds [11], as well as advice on how leaders can make culture
more explicit [75].

VII. Two CASE STUDIES

Thus far, we have argued that learning about teaching can result
in better curricula and more effective teaching. But does professional
educational development make a difference? Relatively little solid
research exists that sheds light on this question, particularly in engi-
neering education. However, one of the few published studies [62]
demonstrates a direct link between faculty participation in teaching
workshops and their use of the instructional methods the work-
shops taught and encouraged. There is clearly room for more re-
search in this area. In the absence of such research, we offer two case
studies that illustrate the possibilities.

A. Carnegie Institute of Technology (CIT) at
Carnegie Mellon University

1) Discussions and decisions: During the late 1980s, the dean of
engineering of the Carnegie Institute of Technology (CIT), with
strong support of department heads, initiated a series of faculty-
wide discussions of the mission and structure of the undergraduate
curriculum. These discussions culminated in a college-wide retreat
in 1990 and a revamped curriculum that was launched in 1991.

The new curriculum reflected three major decisions. First, the
college retained the requirement that eight courses (20 percent of
the student’s program) be in the humanities, social sciences, and
fine arts to validate the importance of a broadly educated engineer.
Second, “designated minors” were created as an option for students
wanting more flexibility and diversity in their education. The third
and most dramatic change was in the nature of the freshman year
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offerings, which were revised in the following ways:

o Each of the six engineering departments started teaching an
introductory engineering elective course in both the fall and
spring semester, and every freshman was required to take one
such course each semester.

o Each of the introductory engineering electives was associated
with a science or computer science course (technical elec-

‘ tives) as a co-requisite.

¢ The total number of courses per semester was reduced from
five to four in the freshman year.

2) Support: Recognizing that a major educational initiative of this
magnitude required new pedagogical competencies (particularly
since none of the engineering faculty had ever taught first-year under-
graduate students), the dean asked for involvement from Carnegie
Mellon’s campus-wide faculty development center, the Eberly Center.
The support included three complementary components.

The first was a set of workshops focused on teaching first-year
engineering students, emphasizing the research on intellectual and
social-emotional development and the transition into college. The
workshops also addressed issues related to cognition, linking princi-
ples of learning to the design of courses, and classroom pedagogy.
The dean and department heads encouraged attendance, and
all faculty engaged in designing and teaching the freshmen courses
attended.

While the workshops prowded anew way to think about the ed-
. ucational process, the students, and the role of faculty members in
the process, the second part of the process resulted in the greatest
change. The Eberly Center staff worked with individual faculty
members who were involved in designing the new courses [81]. In
each case the consultation began with a discussion of audience char-
acteristics, e.g., intellectual, experiential, socio-emotional, and how
to use this information in course design. The discussion then
moved to decisions of scope and content, e.g., breadth vs. depth, ar-
ticulating measurable course goals, aligning course activities with
those goals, planning deliberate practice and feedback opportuni-
ties, and aligning the assessment of the course goals with evaluative
mechanisms. The workshops and the individual consultations were
not new to most of the engineering faculty involved; the culture of
the engineering college since the early 1980s had been to take ad-
vantage of the center’s expertise as way to enhance the effectiveness
and efficiency of teaching and learning.

In the third component of the program, the center staff observed
faculty members during the first few weeks of classes and conducted
focus groups with students to gather formative assessment data that
was used to initiate change during the first few semesters. In five of
the six departments involved, this formative assessment continued
for two or three years until the faculty member honed the course to
the desired level or passed it along to someone else.

3) Impact on teaching: Possessing new information about the
learning process and a broader repertoire of skills, faculty made sig-
nificant changes in the way they taught. Two examples illustrate the
types of changes made.

In one case, a professor of electrical and computer engineering wrote
measurable learning objectives and then carefully aligned these with the
learning activities, e.g., lectures, labs, homework, and the assessment
procedures. The alignment of these three parts of the process, i.e., goals,
activities, and assessments, led to a rigorous course with high levels of
student success indicated by course grades and through faculty reports
of students’ performance in subsequent courses.
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In another case, two materials science professors utilized case
studies in a quasi-problem-based lea.rnmg approach. They gave stu-
dents common items, e.g., running shoes, 2 Walkman™, to intro-
duce them to the materials-related aspects of things they encoun-~
tered on a daily basis. Students then analyzed the required
properties, structure, and performance of the materials. Once stu-
dents learned the basic. protocol of analyzing materials for the se-
lected applications, they were able to apply it to other cases. The
course design worked in large part because the case materials were
drawn from things that naturally intrigued eighteen year olds, and
the teaching methodology lent itself to transfer across different
materials.

4) Impact on students: CIT conducted extensive assessment of
the impact of the new curriculum at the end of two five-year inter-
vals. The assessments have been valuable because they identified
achievements as well as areas that still need improvement. Some
general conclusions:

e Student retention improved. Freshmen-to-sophomore re-
tention increased from 80 percent (1990) to 92 percent
(2000).

e Freshman-to-senior attrition declined from 20 percent to
16 percent.

o Student ratings of their courses and instructors improved; the
college-wide average increased from 3.6 to 4.0 (on a scale 1
[fow] to 5 [high]).

o Faculty members were surveyed about their impressions of
students under the old and new curricula. In the eight areas
of student learning included, faculty thought the new cur-
riculum Wwas working at least as well or, in most cases, better
than the old one. They gave significantly higher ratings to
two areas: written communication and knowledge of engi-
neering practice.

The assessment effort thus far has focused on retention and sat-
isfaction by students, recruiters, and alumni. Because the Eberly
Center now has resources to help with more formal assessment of
student learning, future efforts in CIT will focus on summative
evaluation of student learning.

5) Conclusions: Significant changes were brought about through
the leadership of the dean and department heads, appropriate sup-
port and resources, and faculty members’ willingness to learn. All
three are a result of a culture in the college that values effective un-
dergraduate education and prides itself on a history of educational
innovation.

B. Second Case Study: Civil Engineering and Environmental
Science (CEES) at the University of Oklahoma (OU)

1) Initial administrative actions: In the late 1980s, the University
of Oklahoma hired a new dean of engineering who was interested
in promoting the kind of faculty development advocated in this arti-
cle. He took several actions, including hiring a new director of
CEES who shared this desire, establishing a policy to pay half of
the expenses for faculty to attend conferences on engineering edu-
cation, and bringing in workshop leaders on the same topic.

The new director of CEES held a retreat for CEES faculty to
discuss the need for being active in engineering education. The
availability of a growing number of education-related grant pro-
grams at NSF was an important factor in this discussion. The direc-
tor also held an ongoing seminar for new faculty members that gave
extensive attention to issues of curricula and teaching.
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At the retreat, faculty restructured the curricula to reduce the
number of required courses. The reduced teaching load gave faculty
the time to spend on engineering education. They also made three
other notable changes. First, they changed the way they hire new
faculty. Position descriptions now state the importance of educa-
tional responsibilities. During the interview process, faculty candi-
dates teach a class, and reactions are solicited from the students.
Second, in annual evaluations and in the promotion and tenure
process, publications on teaching are considered equivalent to pub-
lications on regular engineering topics. Third, faculty recognized
the need for assessment data on the quality of student learning in
the division and have since systematically collected this data.

2) Results—Impact on faculty efforts to learn about teaching: Within
a few years, the faculty culture in this division of engineering changed.
It became the norm to participate in campus-based faculty develop-
ment activities, to submit education-related grant proposals, and to at-
tend engineering education conferences. Faculty continue to be pro-
ductive in traditional forms of engineering scholarship. Of the
fourteen full-time, tenured/tenure-track faculty in the division today:

o 100 percent have participated in at least one activity offered
by OU’s Instructional Development Program, and 70 per-
cent have participated in more than one;

e 65 percent have attended conferences on engineering educa-
tion, e.g., ASEE, Frontiers in Education, in the last four
years; and

e 40 percent have contributed to the scholarship of teaching
and learning, either through print publications or leading
sessions at education conferences.

3) Results—Impact on faculty teaching: Essentially all of the cur-
rent faculty are using one or more proven but nontraditional teach-
ing practices, including authentic projects, reflective writing, signif-
icant learning goals, active learning, interdisciplinary projects, and
creative forms of assessment. The Sooner City Project has been a
major stimulus in the change process. With support from NSF, this
project has created a curriculum in which stadents work in teams on
challenging design projects, starting with their initial courses in en-
gineering and continuing through the capstone course, with reflec-
tive writing about the learning process frequently included. The di-
vision is just now initiating an experimental course in which
students will spend some time each year reflecting on and integrat-
ing their own learning experiences in engineering.

Since learning about teaching became part of the culture within
the division, faculty (N = 14) have received extensive recognition,
both at OU and nationally. Six CEES faculty have been recognized
with University of Oklahoma teaching and research awards, while
two others have been honored regionally. with the Oklahoma
Regents Instructional Technology Excellence Award and the
Oklahoma Williams Faculty Innovator Award. At the national
level, CEES faculty members have earned six NSF CAREER
Awards, an ASEE Fred Merryfield Design Award, three ASEE
Dow Outstanding New Faculty Awards, and a National Society of
Professional Engineers Design in Education Award. The work of
many of these faculty has been featured in ASEE’s Prism magazine,
NSPE’s “Engineering Times” newsletter, OU’s “Spotlight on
Teaching” newsletter, and numerous journal articles and conference
presentations.

4) Results—Impact on student learning: The ultimate goal of
- changing engineering education is to change faculty practices to im-
prove the quality of student learning. Students have indicated a high
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level of satisfaction since the changes have been implemented. In a
questionnaire given to graduating seniors that focused on types of
learning (e.g., lab experiences, technical writing, oral communica-
tion skills, team experiences, design skills), the overall mean rating
was at the ninetieth percentile of satisfaction. In the section that fo-
cused on ABET engineering criterion 3 (a-k), more than half of the
responses were in the 70 to 90 percent range; the other half were in
the 60 to 70 percent range.

Evidence of student performance comes from the assessment of
capstone projects. In a creative assessment effort that included level
of difficulty as well as performance, students who participated in
Sooner City improved their performance scores 33 percent during
the last three years.

Changes in student competence are also reflected in the scores of
graduating seniors on the NCEES “Fundamentals of Engineering”
exam. Although these vary considerably from semester to semester,
pass scores have increased from 60 to 80 percent in the early 1990s
to 70 to 90 percent in recent years [82].

A final perspective on changes in student learning comes from a
professor who has taught in the division for more than fifteen years.
His observation is that OU’s graduates today are clearly better pre-
pared for entry-level engineering work. “They are much better at
critical thinking, have the big picture of engineering work, know
how to engage in team work, can handle uncertainty, and know
how to move forward in projects where they have only limited in-
formation” [83]. :

5) Conclusions: Several observations and conclusions can be
drawn from this case study. First, change began with a particular
kind of leadership and was supported by several kinds of organiza-
tional change. Second, once they had been given the encouragement
and opportunity to engage in faculty development, faculty took ad-
vantage of available resources, both within the university and nation-
ally. Third, once the culture of valuing good teaching was created
within the division, the faculty made changes, both in the curriculum
and within their individual ways of teaching. Altogether, these changes
have resulted in significant improvements in student learning.

VIII. SUMMARY

The engineering profession is calling for new and better kinds of
learning by engineering students. Accomplishing this requires new
and better kinds of teaching and curricula, which in turn requires
engineering faculty to think about teaching and learning in more
scholarly ways. We conclude by answering two questions: What do
we know about professional development of faculty and what else
do we need to learn and do?

A. What Do We Know?

First, considerable research exists that can help us better under-
stand students as cognitive and socio-emotional beings and provide
us with teaching approaches that can effectively address their learn-
ing needs. This research can help guide a more effective design of
engineering courses and classroom pedagogy. Second, we know
that many engineering educators have already tapped into this re-
search and use it successfully. Finally, we know that many engineer-
ing educators simply have not availed themselves of this research
and its application. If we want to introduce meaningful change in
how engineering education is practiced throughout the profession,
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faculty members will need a new perspective that validates why
learning about teaching is important, i.e., motivation that comes
from the culture, as well as opportunities to engage in whaz and bow
to learn about teaching, e.g,, a systematic way for continual educa-
tional development. : .

We also know a lot about what needs to happen at the institu-
tional level to impact culture and introduce change in the perspec-
tives and practice of engineering education. Leaving change up to
individual faculty members without a supportive culture, e.g., with-
out reward systems that value teaching as scholarship or opportuni-
ties for educational development, doesn’t work. Piecemeal efforts—
a workshop here or an initiative there—may result in pockets of
improvement but will not change the norms, values, and behaviors
within the profession as a whole. What is necessary to create a
change in culture is for the organization, i.e., the department or col-
lege, to have a comprehensive and integrated set of components:
clearly articulated expectations, a reward system aligned with those
expectations, and opportunities for the learning to occur.

Such a comprehensive and integrated approach was demonstrated
in the two case studies presented earlier. In both cases, college and
department leaders set clear goals for their educational programs
and made changes in a set of college and departmental operations,
e.g., procedures for recruiting faculty, changes in the curriculum,
encouragement to participate in workshops on teaching and learn-
ing, and rewards for good teaching, learning about teaching, and
the scholarship of teaching. In both cases, a new culture of faculty
work emerged that emphasized quality teaching—and student
learning improved as a result.

B.What Else Do We Need To Do?

What else do we need to do to continue along the road to better
teaching and learning in engineering education? The situation calls
for a combination of research, sharing of best practices, and selected
national initiatives.

1. Research: Although we know that such things as active learn-
ing and new teaching strategies in general (e.g., problem-based
learning) enhance student learning, we need to continue doing re-
search on what it takes to make particular forms of teaching effec-
tive—in particular situations, with particular students, with differ-
ent kinds of subject matter, etc. At another level, we know that
faculty development activities in general are capable of enhancing
faculty attitudes toward teaching and increasing their pedagogical
skills. However, we need to continue research on what it takes for
particular professional development activities to be effective in par-
ticular situations, with different kinds of faculty, etc.

2. Best practices: We also need to continue sharing information
on creative and innovative practices in teaching, professional devel-
opment programs, and departmental efforts to support better
teaching, and we need to include evidence of impact.

3. National initiatives: Professional associations in higher educa-
tion and in engineering need to continue thinking about what na-
tional initiatives could be mounted, perhaps with the participation
of multiple organizations, that would encourage departments and
colleges to make the organizational changes necessary to more ef-
fectively support better teaching and learning. Some exist now, but
what else might be worthwhile? For example, is there a way to mea-
sure the quality of educational programs that would allow those in-
stitutions that have succeeded in creating high-quality programs to
be recognized and rewarded for doing so?
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If we can do the necessary research, share our best practices, and
mount strategically important national initiatives, future genera-
tions of engineering students will have an educational experience of
much higher quality, one that provides them with the knowledge,
attitudes, and skills they need and provides society with first-rate
solutions to increasingly important and complex engineering
problems.
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