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Preface

not well known to the public, or even to the engineering commu-

nity. In fact, 20 percent of engineering degree holders began their
academic careers with at least 10 credits from community colleges, and 40
percent of the recipients of engineering bachelor and masters degrees in
1999 and 2000 attended community colleges. In addition, community col-
leges offer unique opportunities for increasing diversity in the engineer-
ing workforce.

The role of community colleges in engineering education could be
expanded if a number of steps were taken to improve transfer partner-
ships with four-year engineering programs. This report describes how
some community colleges and four-year educational institutions have fa-
cilitated the transfer process for students transferring from two-year engi-
neering-science programs to four-year engineering programs. The report
also provides recommendations for improving transfers overall and oth-
erwise enhancing the role of community colleges in educating engineers.

At the request of the National Science Foundation, the president of
the National Academy of Engineering and the chair of the National Re-
search Council appointed an ad hoc committee to design and oversee the
study. The committee met four times in person and by teleconference to
develop the study design and to hear expert testimony. The primary fact-
finding activity was a workshop exploring the exemplary approaches of
24 transfer partnerships between two- and four-year colleges. The focus
of the workshop was on transfer and articulation (policies and programs
designed to foster transfer); recruitment and retention; curriculum, qual-

I I 1 he important role of community colleges in educating engineers is

vil
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ity, and standards; diversity; and data collection. The committee’s delib-
erations, reflected in this report, were based on the results of the work-
shop, expert testimony, and a survey of the relevant literature. The final
document also reflects the personal and professional experience and judg-
ment of committee members. This study, funded by the National Science
Foundation, was conceived as the first phase of a two-part project. Phase
II, which is in the planning stages, will focus on one or more questions for
future research identified in this report.

Many students, especially students from groups that are underrepre-
sented in the engineering workforce, are increasingly turning to commu-
nity colleges as a starting point for their postsecondary education. Yet
many of them are not aware that they can earn a B.S. in engineering
through the community college pathway. Informing middle-school and
high-school students and their parents of the opportunities offered by
community colleges will require a major campaign by community col-
leges, four-year educational institutions, engineering societies, and the
state and federal agencies responsible for educational outcomes. Students
and parents must be given assurances that community colleges and four-
year programs will work together to provide seamless transfers from two-
to four-year programs and offer a supportive educational environment
that promotes the retention of students working toward [associate of sci-
ence (A.S.) and bachelor of science (B.S.)] degrees in engineering. This
report describes concrete examples of activities undertaken by commu-
nity colleges and four-year educational institutions in support of these
goals.

James M. Rosser, Chair
Committee on Enhancing the Community
College Pathway to Engineering Careers
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Summary

ceived as the first phase of a two-part project. For the first phase of

the study, the findings of which are presented in this report, the
committee was asked to (1) describe the changing role of community col-
leges in engineering education; (2) identify exemplary practices and part-
nerships between community colleges and four-year educational institu-
tions; and (3) recommend critical areas for further study. The expected
second phase of the study, to take place at a later time, would focus on
selected research questions and provide guidance for policy makers. The
study committee was overseen by the Committee on Engineering Educa-
tion and the Committee on Diversity in the Engineering Workforce, both
of the National Academy of Engineering, and the Board on Higher Educa-
tion and Workforce of the National Research Council.

The committee held two meetings that included presentations by out-
side experts, reviews of the literature, and guided discussions and de-
liberations; organized and conducted a two-day workshop that brought
together selected administrators of community colleges and four-year in-
stitutions and faculty members from notable programs; and collected and
analyzed data on recent engineering graduates with community college
experience.

Community colleges are already essential to the education of engi-
neers in the United States. Indeed, 20 percent of engineering degree hold-
ers began their academic careers starting in and earning at least 10 credits
at community colleges (Adelman, 1998), and 40 percent of the recipients
of engineering bachelor’s and master’s degrees in 1999 and 2000 attended

I I Vhis study, funded by the National Science Foundation, was con-

1
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2 THE COMMUNITY COLLEGE PATHWAY TO ENGINEERING CAREERS

community colleges at some time (Tsapogas, 2004). Nevertheless, the com-
mittee believes that community colleges have not achieved their full po-
tential for several reasons: (1) a lack of understanding among parents,
teachers, counselors, and students of the effectiveness of community col-
leges in producing engineering graduates; (2) less than effective articula-
tion agreements (policies and programs designed to foster transfer) be-
tween community colleges and four-year institutions; and (3) a lack of
cooperation and coordination among high schools, community colleges,
four-year institutions, and state higher-education agencies.

The workshop focused on five themes, in addition to identifying ar-
eas for further research:

1. Challenges and opportunities for improving articulation and
transfer between community colleges and four-year educational institu-
tions.

2. The recruitment and retention of students at various junctures of
the community college pathway to engineering careers.

3. The curricular content, quality, and standards of two-year A.S.
programs and of four-year engineering programs.

4. Opportunities for community colleges to increase diversity in the
engineering workforce.

5. Sources of data on community college and transfer students and
the need for more systematic data collection.

The report provides descriptions of exemplary programs and prac-
tices of community colleges and four-year educational institutions; out-
reach activities designed to recruit and retain K-12 students through the
completion of the baccalaureate degree; and statewide initiatives focused
on articulation and transfer. The committee recognizes that there is no
“one size fits all” approach to articulation and transfer programs; there-
fore, the workshop was designed to identify a variety of ways community
colleges and four-year educational institutions could improve pathways
to careers in engineering and improve educational outcomes in preparing
students to pursue engineering education. Based on the personal and pro-
fessional experience of committee members and the workshop, the prac-
tices detailed in this report were identified as initiatives that have en-
hanced community college pathways to engineering.

The experiences described by workshop representatives of two- and
four-year schools indicate that articulation agreements are necessary, but
not sufficient, for seamless transfers of community college students. The
committee defined a “good” transfer partnership as a “second-level ar-
ticulation,” that is, cooperative efforts by the two-year and four-year col-
lege to recruit students into engineering. Articulation, therefore, should

Copyright © National Academy of Sciences. All rights reserved.
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be based on student outcomes and competencies according to ABET
guidelines (rather than on course credits, curricula, or the sequences of
courses) determined by the university-community college partnership.

Communication between two- and four-year transfer partners is criti-
cal to second-level articulation. According to workshop participants, suc-
cessful transfer partners communicate frequently, visit each other’s cam-
puses, meet frequently to discuss curricular changes, and even share
faculties. Currently, communication between two-year and four-year fac-
ulty members varies from campus to campus and department to depart-
ment, often depending on personal relationships among faculty members
or administrators. Few formal approaches to communication were de-
scribed.

As the trends in engineering education move toward greater diver-
sity and specialization in the lower division course offerings of four-year
engineering programs, engineering science curricula at community col-
leges are less likely to cover the same material or achieve the same results.
Thus, the need for communication and resource sharing between transfer
partners and for the timely updating of articulation agreements is becom-
ing more urgent.

Better articulation also requires cooperation between two- and four-
year transfer partners in the recruitment of engineering students. Four-
year institutions can promote and support the community college
pathway as a viable, even attractive, route to a baccalaureate degree in
engineering. Individualized counseling and coaching can be provided
early and often to students in both types of institutions. Workshop par-
ticipants indicated that transfer students are often the best recruiters, men-
tors, and tutors for students at their two-year alma maters because they
know how the system works. Ideally, faculty members at both institu-
tions know each other well and, in the best partnerships, collaborate on
projects, curriculum development, recruitment, and other activities that
support community college transfer students (Rifkin, 1998).

Exemplary articulation and transfer initiatives are characterized by
clear, accessible information for parents and students who are candidates
for community college engineering science programs, and transparent,
accessible documentation regarding the transfer mission between part-
ners. To increase the number of students who embark on the community
college pathway to engineering, four-year schools will have to use their
brand images to promote community college programs, perhaps by
developing joint admission and recruitment programs with two-year
schools. For example, the name of a four-year school could be listed next
to the engineering science major on the community college application
and promotional materials and joint high school outreach programs could
be developed.

Copyright © National Academy of Sciences. All rights reserved.
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Workshop participants generally agreed that strong partnerships be-
tween community colleges and four-year engineering programs improve
student recruitment and retention at both institutions. Community col-
leges that reach out to potential students through a variety of messages
and media and demonstrate that they have a proven record of success in
preparing students to transfer to an engineering degree program are more
likely to succeed in their recruitment and retention activities, especially if
they have an established articulation agreement with a four-year institu-
tion. Four-year institutional partners also benefit by being able to draw on
an expanded, and in some cases more diverse, recruitment pool that in-
cludes talented community college students. Moreover, the retention rates
at four-year institutions will improve when two- and four-year programs
work together to prepare students to take upper-division engineering
courses.

Workshop participants reported that the lack of financial assistance
from institutional, state, and federal sources is a significant barrier to the
recruitment and retention of engineering science students in community
colleges. Students who transfer to four-year engineering programs also
need financial assistance to ensure that they can afford to stay in school
until graduation

Many workshop participants pointed out a need for better evaluations
of articulation agreements and transfer processes. Evaluations should in-
clude: definitions of positive outcomes of diversity; assessments of learn-
ing outcomes; and assessments of shared-learning, outcomes-based ob-
jectives. The main concern expressed at the workshop was that articulation
agreements may focus only on easily measured outcomes, such as the
number of credits or courses, rather than on important learning outcomes
and competencies. In fact, there is a fundamental disagreement between
two-year and four-year programs about what evaluations should mea-
sure. Another serious problem is that many educational institutions do
not collect or analyze data on students that would support assessments;
even when data are collected, this is not done uniformly.

Areas for future research include documenting performance outcomes
in terms of recruitment, transfer, retention, and persistence to degrees in
undergraduate engineering education. Data collected by educational in-
stitutions and research organizations on community college student out-
comes in engineering education would provide a basis for improving
transfer partnerships and articulation agreements

Community colleges have long been recognized as providing oppor-
tunities to increase diversity in the U.S. engineering workforce, especially
racial and ethnic diversity. Although the makeup of community colleges’
student bodies varies by geographic location, a larger percentage of stu-
dents from some minority groups, notably Hispanics and American Indi-
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ans, attend community colleges than white, African-American, and Asian
students. In effect, community colleges have become an educational pipe-
line for underrepresented minorities entering the higher education
system.

Organizations in the engineering educational and professional com-
munities could work together to increase the awareness of the importance
of diversity in the engineering workforce and to educate state and federal
legislators. State and federal funding for community college students and
incentives for four-year engineering institutions to reach out to commu-
nity colleges and their students could eventually lead to increases in the
number of underrepresented minorities in engineering.

Another area for future activity is the collection of comparative data
to identify factors associated with the retention and persistence to the B.S.
degree of women, minority, and nonminority male community college
and transfer students.

The lack of information (especially longitudinal and comparative in-
formation that can be disaggregated by gender, race/ethnicity, and other
background variables) on the successes and failures of students who be-
gin their engineering educations in two-year and four-year programs pre-
sents serious problems for an analysis of the transfer function of commu-
nity colleges. Most often, community colleges lose sight of students once
they transfer to four-year institutions, precisely when they should begin
tracking their educational and career trajectories. Compiling and publi-
cizing data on transfer students’ success in obtaining B.S. or advanced
engineering degrees would demonstrate the effectiveness of engineering
studies in community colleges and improve their recruitment rates.

A comprehensive, systematic strategy for data collection on educa-
tional and career outcomes for community college and transfer students
would require leadership in the engineering profession and from funding
agencies to define the most relevant data items, to encourage collabora-
tion between two- and four-year educational institutions, to ensure the
privacy of students, and to develop vehicles for dissemination.

Finally, the committee notes that the engineering education commu-
nity, and the profession as a whole, would benefit from further discussion
of the feasibility and desirability of accreditation for engineering science
programs at community colleges.

AREAS FOR FUTURE RESEARCH

The committee identified a number of questions for further research:

¢ What is the attrition rate of students who begin their engineering
studies at community colleges?

Copyright © National Academy of Sciences. All rights reserved.
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* Do engineering students who begin at community colleges per-
form as well, better than, or not as well as other students? (A considerable
amount of anecdotal information on this question was provided by work-
shop participants.)

e What factors in the culture, student services, and learning envi-
ronments of community colleges and four-year engineering programs cor-
relate with the retention and persistence of students to the B.S. degree?

¢  What evidence is there that community college engineering sci-
ence students learn effectively via online courses?

¢ How can the teaching of mathematics be more focused on engi-
neering applications?

* What competencies should students have after two years in engi-
neering science programs?

e What data would persuade faculty and administrators of two-
and four-year educational institutions and state and federal policy mak-
ers to enhance the community college pathway to engineering degrees
and careers?

Although this study examines partnerships between community col-
leges and four-year engineering programs, the primary focus is on the
needs of community colleges and their students related to articulation
agreements and transfer processes. Research on the perspectives of four-
year educational institutions would also be helpful, as would an in-depth
examination using both quantitative and qualitative data-collection meth-
ods of the experiences of a cohort of students entering and progressing
through the community college pathway to engineering careers.

Copyright © National Academy of Sciences. All rights reserved.
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workforce educated in science, technology, engineering, and

mathematics is a critical national imperative for the twenty-first
century (DOD, 2001). Increasing the number of engineers will first require
increasing the number of engineering students, and one way to do that is
to tap into the pool of students pursuing engineering science studies at
community colleges, who could then transfer to four-year institutions,
where they could pursue baccalaureate or advanced degrees. Community
colleges are an especially attractive source of prospective engineering stu-
dents for several reasons: (1) millions of students attend them, and enroll-
ments are projected to increase (DOED, 2004); (2) many women and stu-
dents from underrepresented minorities attend community colleges; and
most important, (3) many community college students in engineering do
not transfer to four-year engineering programs. Nevertheless, community
college transfer students who have completed an associate of science (A.S.)
degree in engineering science are just as likely to receive a bachelor’s de-
gree as students who attend four-year campuses only. Therefore, it makes
sense for educators, legislators, industry, and other stakeholders to pay
more attention to the potential talent pool available at community col-
leges (Adelman, 1998).

Community colleges are already essential to the education of engi-
neers in the United States. A U.S. Department of Education study reported
that 20.1 percent of engineering degree holders began their academic ca-
reers with at least 10 credits from community colleges (Adelman, 1998),
and 40 percent of engineering bachelor’s and master’s degree recipients in

ﬁ ccording to the U.S. Congress, building a larger and more diverse

7
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1999 and 2000 attended community colleges (Tsapogas, 2004). In some
regions of the country, the numbers are even larger. The California Coun-
cil on Science and Technology reported that 48 percent of graduates with
science or engineering degrees from the California system began at com-
munity colleges and then transferred (CCST, 2002).

However, among the various functions of community colleges, the
transfer function has yet to reach its full potential, for many reasons
(Ulseth and Wenger, 2002):

* alack of understanding on the part of parents, teachers, counse-
lors, and students of the importance of community colleges in engineer-
ing education

e disagreement over curricular content and quality

e ineffective articulation agreements

* alack of cooperation between high schools, community colleges,
four-year institutions, and state higher education agencies

¢ inadequate attention to the transfer of women and underrepre-
sented minority students

e insufficient statistics on student transfers, experiences, and
outcomes

CHARGE TO THE COMMITTEE

The study committee was charged with describing the evolving role
of community colleges in engineering education, identifying exemplary
programs at community colleges and model partnerships between two-
year and four-year institutions, and recommending critical research ques-
tions that require further study. The study committee was overseen by
the National Academy of Engineering (NAE) Committee on Diversity in
the Engineering Workforce and Committee on Engineering Education and
the National Research Council (NRC) Board on Higher Education and
Workforce.

METHODOLOGY

The NAE president and NRC chair appointed an ad hoc committee to
carry out this study during 2004. Most of the committee’s time and effort
involved carrying out fact-finding activities and analyzing the collected
information. The main fact-finding activity was a one and one-half day
workshop described below.

The members of the study committee, who were chosen for their ex-
pertise and experience, provided the insight and analysis for this report,
which is intended to initiate a national dialogue on enhancing the role of
community colleges in undergraduate engineering education. Committee
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members included: community-college and four-year engineering edu-
cators; experts on administrative processes and articulation agreements
between community colleges and four-year campuses; higher education
program evaluators; and researchers who have studied the demographics
of community college students and the impact of community colleges on
the development of the science, technology, engineering, and mathemat-
ics workforce. Biographies of committee members can be found in Ap-
pendix A.

During the fact-finding stage of this study, the committee gathered
evidence to address its charge through the following activities:

* two committee meetings with presentations by outside experts,
reviews of background research, and guided discussions and delibera-
tions

¢ aone and one-half day workshop, which brought together two-
and four-year college administrators and faculty members from notable
programs

¢ the collection and analysis of data on community college involve-
ment by recent engineering graduates

The study committee met on three occasions during 2004—a telecon-
ference planning meeting on March 8, a full committee meeting in Wash-
ington, D.C., on April 1 (see agenda in Appendix B), and a full committee
meeting on July 8 and 9 (see agenda in Appendix C). The meeting in March
included expert testimony from stakeholders and planning for the work-
shop. Outside experts discussed national and state perspectives on the
community college transfer mission; curricular reform and diversity is-
sues; community college/four-year engineering program partnerships;
and the need for a national certification of competencies necessary for
student success in four-year programs. The third committee meeting was
focused on preparing the report.

The workshop was held on July 7 and 8 in Washington, D.C., to show-
case programs that have demonstrated their ability to produce successful
engineering graduates with community college experience. Keynote
speakers and experts, who participated in four panel discussions, de-
scribed their experiences as faculty members or administrators of com-
munity colleges or four-year educational institutions and in state organi-
zations that develop and evaluate educational initiatives. Workshop
participants were asked to draw on their own experiences to suggest ques-
tions relating to the transfer mission that would require additional re-
search. The agenda for the workshop is in Appendix D.

In the notable programs profiled during the workshop, proactive
planning has resulted in successful partnerships between community col-
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lege and four-year engineering programs. These partnerships were fo-
cused on the following factors related to articulation and transfer:

® the success of students who transfer between community colleges
and four-year engineering programs

¢ mutually beneficial interaction between faculties of community
colleges and four-year engineering programs

e the curricular content of community college engineering pro-
grams

¢ data-collection requirements for effective program evaluation

e effective use of community college campuses to achieve student
and faculty diversity goals

® a quality-assurance standard

Comments by the presenters and the general discussion at the workshop
are reflected in the research questions presented in subsequent chapters.

Workshop on Key Issues and Exemplary Practices in Community
College Engineering Science Programs and Transfer

Because it was not possible to survey the universe of community col-
leges to select programs to profile at the workshop, educational institu-
tions involved in transfer partnerships were pre-selected and asked to
submit proposals for participation in the workshop. The pre-selected pro-
grams were chosen from the following sources: committee members’ per-
sonal knowledge of programs at two- and four-year colleges and univer-
sities; public presentations by institutional representatives at the 2002
National Science Foundation (NSF)-sponsored conference—A New Di-
rection in Engineering Education: Creating a National Collaboration—and
other events; institutions that were represented on the American Society
for Engineering Education (ASEE) two-year college division listserv; and
institutions represented by members of the League Alliance of the League
for Innovation in the Community. Responses were received from faculty
and/or administrators from community colleges and four-year educa-
tional institutions representing 24 transfer partnerships (in some cases
more than two institutions were involved in a partnership). Follow-up
communications included requests for additional program information
and outcome date, where available.

As noted elsewhere in this report, most two-year institutions do not
have the resources to compile and analyze data on the effectiveness of
their preparation of engineering science students for transfer to four-year
engineering programs. Therefore, the initiatives profiled in this report
were selected largely on the basis of qualitative data provided in written
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proposals and workshop presentations, as well as the personal and pro-
fessional experiences and judgments of committee members. In addition,
because the committee was aware that there is no “one size fits all” ap-
proach to articulation and transfer, a variety of options was included for
both two-year and four-year educational institutions to enhance commu-
nity college pathways and improve their preparation of students for ca-
reers in engineering.

Faculty members and administrators from 17 four-year educational
institutions and 18 two-year educational institutions attended the work-
shop held on July 7 and 8, 2004. Attendees were from 23 states and the
District of Columbia and represented all geographic regions of the United
States. A list of workshop participants is provided in Appendix D.

These institutions varied in terms of the racial/ethnic and gender
composition of their student bodies and the variety of approaches to their
transfer mission. For example, the amount of support provided to transfer
students,(academic, financial, counseling before and after transfer) and
assistance in job placement on completion of the degree, varied consider-
ably among four-year institutions.

Although all of the institutions represented at the workshop had for-
mal articulation agreements with two-year or four-year institutional part-
ners, there were as many weaknesses as strengths reported in both insti-
tutional and statewide agreements. In keeping with information in the
literature on transfer students, a majority of representatives of four-year
institutions reported that transfer students were “as well prepared” or
“better prepared” than four-year-only students and that the retention rate
for transfer students was “the same” or “higher” than for four-year-only
students.

CONCLUSION

The community college transfer function is critical to meeting the na-
tional need for a robust, diverse engineering workforce. In fact, commu-
nity college transfer may be the primary mechanism for increasing the
number of students pursuing engineering degrees, particularly under-
represented minority students. Although there are many innovative and
effective partnerships between community colleges and four-year institu-
tions, they must not only be enhanced, but also taken to scale to meet a
national need.

This study is a survey of the important questions that must be ad-
dressed in future research to promote significant improvements in the
community college transfer mission. The following chapters focus on five
major areas that could be improved:
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1. Articulation agreements to facilitate seamless transfers of students
to four-year institutions.

2. Recruitment and retention of engineering students by leveraging
the special position of community colleges as “colleges within communi-
ties.”

3. Curricular content, quality, and standards.

4. Diversity.

5. Data collection.

In each chapter the committee describes the topic, identifies key chal-
lenges to improvement, describes notable programs developed by two-
year and four-year institutions, and provides conclusions and recommen-
dations for future research. Four overarching themes are highlighted:

Shifting program assessments from inputs to learning outcomes.
The importance of collaboration.

Diversity.

Raising awareness of the community college transfer mission.

LN

In the past several years, a number of studies have been published
and conferences held to address barriers to improving the transfer func-
tion of community colleges. The American Association of Community
Colleges and the American Association of State Colleges and Universi-
ties, for example, surveyed their institutions and identified the following
barriers (AACC and AASCU, 2004):1

® the reluctance of four-year institutions to accept credits from as-
sociate in applied science (AAS) degree programs

e thelack of child care at four-year institutions

¢ unavailability of courses at times convenient to transfer and non-
traditional students

e thelack of financial aid packages structured specifically for adult
and independent students

¢ admission requirements in programs at four-year institutions that
exceed general education requirements for those institutions

IThis report provides detailed discussions of a variety of barriers to access by community
college students to baccalaureate degrees.
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For community college students, especially for nontraditional stu-
dents, the institutional capacity, faculty attitudes, lack of advisors and
student support, and statewide and system-wide policy barriers can all be
roadblocks to successful transfer to four-year engineering programs.

This report affirms the existence of these challenges, highlights inno-
vative and interesting solutions tried by community colleges and four-
year institutions to overcome them, and notes that many important re-
search questions have not been answered.
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Successful Transfers
to Four-Year Institutions

students to enter four-year institutions at the upper-division level

where they can take specialized coursework for matriculation with
bachelor’s degrees in engineering. The goal of the two-year institution is
for the transfer to be seamless. However, many four-year institutions
present obstacles to seamless transfers, including weak, or even non-
binding, articulation agreements and a lack of collaboration and commu-
nication between the four-year institution and the community college.

I I 1he goal of a transfer program in engineering sciences is to prepare

KEY CHALLENGES

Dimitriu and O’Connor (2004) identify four vital elements to recruit-
ing and retaining students in community college engineering science
programs and preparing them to succeed after transfer to a four-year
university:

1. An aggressive high school outreach program to attract qualified
students to the engineering profession via community colleges and four-
year educational institutions.

2. Anintensive enrichment program in mathematics and science at
the community college level to boost the proficiency of underprepared
high school students.

3. Engineering courses with state-of-the-art technology and educa-
tion supplemented with a variety of interesting design-and-build pro-
grams to motivate students to continue the study of engineering leading
to a bachelor’s degree.

14
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4. Coordinated curricula between community colleges and four-year
institutions through articulation agreements with institutions in the area.

Articulation agreements are often the most prominent feature of the
transfer mission. Although more and more states are becoming involved
in articulation agreements, there is currently no single model (Rifkin,
1998). Ignash and Towsend (2000) describes some different approaches:

To ensure ease of transfer, defined by Kintzer and Wattenbarger (1985, p.
iii) as “the mechanics of credit, course, and curriculum exchange,” most
states have emphasized the “documents approach” (Bers, 1994, p. 249).
This approach “emphasizes the development and ongoing maintenance
of formal or official agreements related to course equivalencies, articu-
lated 2 + 2 programs, legislative or state agency policies related to trans-
fer, and perhaps statistical reports about student transfer, persistence,
and academic performance” (Bers, 1994, p. 249). In a deregulated state
system, individual institutions may have the responsibility for establish-
ing articulation agreements concerning which courses, programs, and
degrees will transfer from institution to institution. In a more regulated
system the state may provide some general guidelines and incentives for
institutions to develop these agreements; and in a highly regulated sys-
tem the state may mandate that the associate of arts degree be accepted
at all state institutions, as in Florida, for example.

In a 1999 study Ignash found that 34 states (out of 43 responding to an
11-question survey sent to executive directors of state higher education
and community college agencies) had developed statewide articulation
agreements. Thirty-three of these 34 agreements were two-year to four-
year articulations, suggesting that this type of transfer has received the
most attention. The majority of statewide agreements involved public-
sector institutions only. Another study, Transfer and Articulation Policies,
conducted by the Education Commission of the States, lists legislation,
cooperative agreements, transfer data reporting, incentives and rewards,
statewide articulation guides, common core curricula, and common
course numbering for each state (ECS, 2001). Wellman (2002) examined
state transfer policies in Arkansas, Florida, New Mexico, New York, North
Carolina, and Texas to determine how each state “uses state policy to af-
fect transfer performance, looking at several dimensions of state policy:
governance, enrollment planning, academic policies affecting transfer,
and data collection and accountability.”

These studies raise three questions. First, what is the appropriate
scope for an articulation agreement? Students whose geographic mobility
is constrained by factors other than education may see little value in agree-
ments that cover a large geographical area if they do not address specific
local needs. Second, are some articulation agreements better than others,
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and if so, under what conditions? And third, should the agreement focus
on the transfer of particular courses, a block of courses, or an entire pro-
gram? Matching course content across institutions is difficult for a num-
ber of reasons. Courses at two-year institutions may be numbered the
same as the courses at a four-year institution, but questions remain as to
whether they have the same content, whether the courses will transfer
similarly to different four-year institutions (Rifkin, 1998), whether four-
year institutions agree on which lower-division courses students should
take, and whether differences in graduation requirements at two-year or
four-year institutions will affect transfer students. Answering these and
other questions will require extensive research.

Course-by-Course Transfers

Participants in the workshop for this study expressed skepticism
about course-by-course articulation agreements. For example, during the
workshop presentation by representatives from Mississippi State Univer-
sity and Jones County Junior College, participants pointed out that modi-
fications are ongoing in engineering and engineering-related courses and
programs at four-year institutions, and information about these changes
takes time to trickle down to the two-year institutions. Along those same
lines, other speakers raised similar issues:

¢ increasing differentiation among four-year engineering curricula

¢ out-of-date articulation agreements

® equivalency guides that do not accurately reflect changes in four-
year engineering curricula

* alack of uniformity among curricula at four-year educational in-
stitutions in the same state

¢ infrequent communication between transfer partners

* alack of institutionalization of communication between transfer
partners

¢ a lack of formal mechanisms for reviewing curricular changes
statewide

* alimited ability of small community colleges to adjust to curricu-
lar changes in four-year programs

* cumbersome, arbitrary credit transfer review processes of four-
year institutions where department chairs and other engineering faculty
members make decisions about equivalency on a course-by-course basis

The following description by a committee member illustrates some
problems transfer students may confront. A community college includes
Engineering Circuits I and Engineering Circuits II in its Engineering Sci-
ence Transfer Program. These courses are well established and are ac-
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cepted by the two leading state universities, although one requires that
transfer students pass a test before granting credit. However, the situa-
tion is quite different at two other local universities, which are geographi-
cally closest to the community college. One teaches a six-credit combined
Circuits I and II course; thus, if a student from the community college
takes only one Circuits course, it does not count for transfer to that four-
year program. The situation at the other university is similar; Circuits I
and II are taught in two separate courses, but a student must either trans-
fer both courses or neither course.

Creating Lasting, Effective Partnerships

In some cases, partnerships have functioned because of personal rela-
tionships between faculty members at the partner institutions. Although
many educational institutions have transfer offices and dedicated advi-
sors, decisions about which courses will transfer are often handled by
registrars or admissions offices that may be far removed from the partner-
ship. Faculty members often have the clearest idea of which courses
should transfer, and faculty members are the ones who encourage stu-
dents to consider transferring to four-year institutions. However, if only
one or two faculty members are behind the transfer mission, those faculty
members may become indispensable to the functioning of the program. If
they stop participating or retire, for example, there could be a major inter-
ruption in the transfer function. Thus, there is tension between institu-
tionalizing an articulation agreement and creating an institutional bureau-
cracy (i.e., setting rules and regulations, involving more institutional
actors).

A representative from the National Science Foundation’s Engineering
Directorate, in a workshop presentation, noted that interaction between
faculty members from two-year and four-year institutions should be col-
laborative rather than competitive. Partnerships must be stable, even in
the face of personnel or curricular changes

The experiences described by workshop representatives of two- and
four-year schools indicate that articulation agreements are necessary, but
not sufficient, for seamless transfers of community college students. The
committee defined a “good” transfer partnership as a “second-level ar-
ticulation,” that is, cooperation between the two-year and four-year col-
leges to recruit students into engineering. Articulation, therefore, should
be based on student outcomes, rather than on course credits, curricula, or
the sequence of courses taken. These outcomes and competences would
be determined by the university-community college partnership accord-
ing to ABET guidelines.

Communications between two- and four-year transfer partners is also

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

athway to Engineering Careers

18 THE COMMUNITY COLLEGE PATHWAY TO ENGINEERING CAREERS

critical to second-level articulation. According to workshop participants,
successful transfer partners communicate frequently, visit each other’s
campuses, meet frequently to discuss curricular changes, and even share
faculties. Currently, communication between two-year and four-year fac-
ulty members varies from campus to campus and department to depart-
ment, often depending on personal relationships among faculty members
or administrators. Few formal approaches to communication were
described.

Better articulation also requires cooperation between two- and four-
year transfer partners in the recruitment of engineering students. Four-
year institutions can promote and support the community college path-
way as a viable, even attractive, route to a baccalaureate degree in
engineering. Individualized counseling and coaching can be provided
early and often to students in both types of institutions. Workshop par-
ticipants indicated that transfer students are often the best recruiters, men-
tors, and tutors for students at their two-year alma maters because they
know how the system works. Ideally, faculty members at both institu-
tions know each other well and, in the best partnerships, collaborate on
projects, curriculum development, recruitment, and other activities that
support community college transfer students (Rifkin, 1998).

Several mechanisms for initiating such partnerships were identified
during the workshop. In some cases, the partnership was initiated through
a grass-roots approach between a few faculty members at two-year and
four-year institutions. In a few cases, faculty members at two-year institu-
tions had received degrees from the four-year institutional partner. Some
partnerships were initiated by state legislation.

EXEMPLARY APPROACHES

Representatives of two-year and four-year educational institutions
had similar opinions about the necessary components of strong articula-
tion agreements. However, four-year institutions placed a great deal of
emphasis on the gatekeeper role of their institutions; their concerns were
to maintain standards and promote a uniform approach between partner
institutions and to require a relatively high GPA for admission and eligi-
bility for financial assistance. Participants at the workshop suggested sev-
eral ways of enhancing the transfer mission, based on the strengths of
existing articulation agreements: clear and accessible print, Web, and other
resources summarizing articulation agreements and the transfer process
for students and their parents; regular communication between institu-
tional partners to keep articulation agreements current with curricular
changes at four-year educational institutions; an assurance of equivalency;
and support for students who transfer to four-year engineering programs.
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Accessible Information

Many speakers noted that effective articulation agreements have three
characteristics—clarity, transparency, and accessibility. These agreements
clearly state which courses are necessary before transfer and how and
under what conditions courses and course credits will transfer (e.g., GPA
requirements). Uniform course numbering systems and easily accessible
equivalency guides were cited as effective ways of summarizing the in-
formation that community college students need to select courses and ar-
range schedules. There was general agreement at the workshop that print
resources and other forms of communication should assure students and
parents that completing the first two years of engineering education at a
community college is both affordable and credible. As one participant
stated, “They should provide familiarity and ease of mind for parents.” If
adequate data are available, the success rate of A.S. graduates in complet-
ing bachelor’s-degree requirements should be made available to students
and parents.

Communication between Institutional Partners

Frequent communication, including regular visits and a transfer coun-
selor at each institution, was considered an essential component of effec-
tive articulation agreements and transfer relationships between partner
institutions. Frequent communication also demonstrates the desire of both
institutions to work together. Community colleges, especially, need regu-
lar communication with four-year institutions to adapt their courses to
changes in curricula. Frequent communication between faculty members
and administrators of two-year and four-year programs also leads to
greater cooperation and increases the sensitivity of personnel in four-year
programs to the impact of changes in lower-division engineering courses
on two-year transfer students. Collaborative activities, such as the joint
development of grant proposals and workshops, can also increase the
level of cooperation between transfer partners.

Equivalency

Most workshop participants expressed the view that successful ar-
ticulation agreements promote uniformity of curricula at two-year and
four-year educational institutions. A strong articulation agreement should
enable a community college to provide an engineering science course
structure that is nearly identical to the lower-division engineering cur-
riculum of its four-year partner(s). The majority of first- and second-year
pre-engineering and engineering courses offered at the community col-
lege should be the same as those offered at the four-year institution(s).
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Equivalency is paramount to community colleges attempting to maxi-
mize the number of credits their students can transfer. However, not all
four-year institutions have a single course pathway for the first two years
of engineering education for all students (e.g., the curriculum for mechani-
cal engineering in the first two years may differ significantly from the
electrical engineering curriculum). Some presenters at the workshop ar-
gued that two-year institutions should not be expected to match their cur-
ricula exactly to those of four-year engineering programs. Articulation
agreements, they suggested, should promote flexibility. They could, for
example, grant free or elective technical credits to allow transfer students
to complete bachelor’s degrees in four semesters.

Support for Transfer Students

Chief among the reasons that students use the community college
pathway to a four-year degree is the need to minimize the cost of their
college educations. Most workshop participants considered financial aid,
or equivalent support (e.g., cooperative opportunities), for transfer stu-
dents an essential component of articulation agreements; yet, many four-
year institutions do not offer scholarships or other forms of financial
assistance to transfer students. In contrast, exemplary articulation agree-
ments offer transfer students per-semester scholarships, allow students to
take courses at a community college with financial aid from the four-year
institution, and require a single application process and fee for partnering
institutions. The New England Compact, for example, allows students to
transfer to out-of-state educational institutions at reduced tuition rates if
their home states do not offer higher degree programs in their fields of
study. Research in this area could provide a more accurate picture of the
availability of financial aid to transfer students.

Institutional Policies that Facilitate Transfer

The Kentucky Council on Postsecondary Education General Education
Transfer Policy

This policy was designed to improve the transferability of general
education coursework among public colleges and universities in the state
of Kentucky. Students who complete a 60-hour program described in the
“General Education Block Transfer Policy,” earn the Associate of Arts
(A.A.) or Associate of Science (A.S.) degree and are certified eligible for
admission with junior-level standing to four-year universities. Their gen-
eral education courses are accepted as meeting up to 48 hours of institu-
tion-wide lower-division transfer credits. This may eliminate the need to
for a time-consuming course-by-course analysis.
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University of Kentucky Extended Campus, Paducah

This partnership between the University of Kentucky four-year engi-
neering program and the West Kentucky Community and Technology
College engineering science program has a unique feature—both institu-
tions are located on the same campus. This arrangement greatly facilitates
the transfer of students from the two-year to the four-year program be-
cause it provides opportunities early on for engineering science students
to access information about transfer requirements in an environment that
offers faculty and peer support. The arrangement also promotes commu-
nication between the faculties and administrations of the two programs.

Faculty members in the engineering program are available to students
in the two-year engineering science program to give advice on career op-
portunities, job prospects, and local summer employment. In addition,
faculty members in the engineering program teach some introductory
courses in the two-year curriculum. Students in the two-year program are
also invited to participate in student engineering societies based at the
University of Kentucky.

Itasca Community College and University of North Dakota Two-Year Student
Transfer Program to a Four-Year Engineering Program

Itasca Community College offers a unique engineering and physics
program that includes classroom, laboratory, social, and residential ar-
eas in a 25,000-square-foot Learning and Living Center, aggressive re-
cruiting efforts, intensive personal coaching to ensure retention and ad-
dress students” educational and/or personal needs, block scheduling of
classes, and project-based learning. From 1998 to 2002, 85 percent of
Itasca’s 140 students in engineering and physics transferred to four-year
engineering programs, the majority at the University of North Dakota.
From 1999 to 2003, 110 students graduated four-year programs with A.S.
degrees from Itasca; 100 (91 percent) of them either became engineers or
are on track to do so. The Itasca-University of North Dakota articulation
partnership is one of the “second-level” partnerships described at the
workshop—it is longitudinal (i.e., it covers middle school to university),
has dual programming, and most important, both partners are fully com-
mitted to the program.

San Antonio Community College

Research by Dimitriu and O’Connor (2004), professors at San Antonio
Community College, identified the following key elements for a success-
ful partnership:
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e mutual respect and trust between the participating institutions at
all levels

® open, ongoing dialogue between faculties and administrators

* common objectives, strategies, and advertising

® coordinated programs and activities, including joint projects and
cultural activities

* ongoing efforts to refine and align lower-level course offerings at
the community college level

® visible presence of partners on each other’s campuses

¢ sharing of facilities and faculty

Using these findings as a guide to developing effective transfer part-
nerships, San Antonio College established articulation agreements with
engineering programs at University of Texas at San Antonio, Texas A&M
University at Kingsville and Texas A&M University at Corpus Christi and
has maintained its existing agreements with Texas A&M University at
College Station, Texas State University in San Marcos, and University of
the Incarnate Word in San Antonio.

The Regent’s Engineering Transfer Program (RETP) at
Georgia Institute of Technology

This program is designed to address a shortage of engineers in Geor-
gia and increase access to engineering education for state residents. Five
colleges (the term “community college” is not generally used in the Geor-
gia educational system) and nine state universities participate in the pro-
gram, which allows Georgia residents to begin their studies at any of the
14 institutions and then earn a bachelor of engineering degree at Georgia
Tech (the only public engineering program in the state). Students accepted
into the program complete their freshman and sophomore year courses at
any participating college or university, and upon completion, transfer to
Georgia Tech to earn selected engineering degrees.

This program offers many benefits to students:

e attendance at an educational institution close to home before
transferring to the urban Georgia Tech campus in Atlanta

* lower costs for the first two years

® participation in cooperative programs (where they exist) near
where they reside

* an invitation to Georgia Tech for a campus visit each spring to
meet with engineering advisors

® acompetitive advantage over non-RETP students transferring to
Georgia Tech
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The program also includes mentoring programs to support transfer stu-
dents, collaborations between Georgia Tech faculty members and the 14
partner colleges, and partnerships with industry.

Prospective students must be Georgia residents, have a minimum
mathematics SAT score of 560, have a minimum combined mathematics
and verbal SAT score of 1090, and have a minimum high school GPA of
3.0. These standards are not so stringent as to discourage students but do
increase the chance that students who enter the freshman year of the pro-
gram will succeed. Students, who complete the two-year program, are
guaranteed transfer, thus eliminating concerns about equivalency and the
need for engineering faculty at Georgia Tech to evaluate students’ eligi-
bility on a course-by-course basis.

Benefits to the engineering program at Georgia Tech include increased
diversity as transfer students from all over the state join the student body
and continued top ranking of Georgia Tech among engineering colleges.
In 2003-2004, the College of Engineering at Georgia Tech had 6,545 un-
dergraduate and 3,298 graduate students and awarded 1,386 B.S. degrees,
the most undergraduate degrees awarded by a U.S. college of engineer-
ing. In that same year, the engineering program was ranked first in the
number of engineering degrees awarded to women and underrepresented
minority students. Thus, RETP was identified by the committee as an ex-
emplary approach to increasing diversity in engineering education, along
with its exemplary approach to articulation and transfer.

Transfer Opportunity Program (TOP) at the University of California, Davis

The Transfer Opportunity Program (TOP) is a collaboration between
the University of California, Davis (UCD), and 15 northern California com-
munity colleges. TOP coordinators from the Undergraduate Admissions
Office at UCD regularly visit participating colleges to counsel students
and parents on admission to UCD; preparation for majors and general
education requirements; and financial aid, housing, internships, study
abroad, and other student services. Engineering advisors also provide
transcript evaluations, seminars on academic and career opportunities in
engineering, and guided tours of the UCD campus.

UCD executes a formal written Transfer Admissions Agreement
(TAA) for the prospective student specifying which courses must be com-
pleted and the required GPA. The TAA, written a year before transfer,
lists the requirements for a chosen major and guarantees admission to
UCD in that major if the requirements are met. The agreement is signed
by the student, the community college counselor, and a UCD representa-
tive. College of Engineering TAA advisors provide ongoing advice by tele-
phone and e-mail. California community college transfer applicants who
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have completed all the required lower-division coursework offered at the
educational institution they attended are given the highest priority.

Support for transfer students as part of the TAA process includes ori-
entation and counseling early in the summer before fall enrollment; full-
time undergraduate staff advisors in each engineering department; man-
datory annual counseling; early intervention for students in academic
difficulty; and additional counseling by the Mathematics Engineering Sci-
ence Achievement Program (MESA).

These support services are designed to help students overcome two
common problems: (1) different lower-division requirements at Univer-
sity of California and California State University campuses; and (2) the
change from the community college semester system to the UCD quarter
system.

The graduation rate for transfer students, who make up 24 percent of
engineering B.S. degree recipients at UCD, is the same as for students
who begin their engineering studies at UCD—84 percent of each group
earn B.S. degrees in engineering; another 5 percent pursue other majors or
graduate from other colleges.

Evaluations of Transfer Programs

Many workshop participants pointed out a need for better evalua-
tions of transfer programs. Evaluations should include: definitions of posi-
tive outcomes of diversity; assessments of learning outcomes; and assess-
ments of shared-learning, outcomes-based objectives. The main concern
was that articulation agreements may focus only on easily measured out-
comes, such as the number of credits or courses, rather than more impor-
tant learning outcomes and competences. In fact, there is a fundamental
disagreement between two-year and four-year programs about what
evaluations should measure. Another serious problem is that many edu-
cational institutions do not collect or analyze data on students that would
support assessments; even when data are collected, this is not done uni-
formly.

One exception, however, is the California Council on Science and
Technology (CCST) Critical Path Analysis of the California Community
College System in the Generation of Science and Technology Graduates
(CCST, 2002). The California Council on Science and Technology under-
took a comprehensive evaluation of California’s high-technology infra-
structure for the purpose of revealing weaknesses in the science and tech-
nology educational system and using the results to develop rational
responses to the changing technology environment. The study includes
every component of the California educational system, from kindergarten
through graduate school; it assesses the status of each component of the
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overall system, identifies strengths, weaknesses, and bottlenecks in the
educational pipeline that prevent students from obtaining college degrees.

The CCST study includes six segments of the educational system, in-
cluding community colleges and four-year institutions. The collection and
analysis of statistics on the role of community colleges in the education of
engineering, as well as science, technology, and mathematics graduates,
is an exemplary approach that could serve as a model for other states. The
study revealed a need for rigorous research to address the following is-
sues:

¢ the dynamic flow of science, technology, engineering, and math-
ematics (STEM) students through the educational system

e reliable data, including the total number of students and the num-
ber of students in various categories

* points of entry (e.g., from high school or the workforce)

* outputs (e.g., time to degree, certificate, transfer, or cessation of
study)

e factors that affect the flow of STEM students

® opportunities for success and barriers to the success of STEM
students

Organizational Efforts to Enhance Communication

Washington Council for Engineering and Related Technical Education

This voluntary council, established in 1970 with the approval of the
Washington State Legislature, comprises faculty and administrators from
17 community colleges with engineering transfer programs, four commu-
nity colleges with engineering technology programs, five universities that
offer programs leading to a B.S. in engineering, and three universities with
programs leading to a B.S. in engineering technology.

The ultimate purpose of the council is to develop a statewide approach
to engineering education and present a unified front to the legislature.
The council’s immediate goals include: improving communications
among two-year and four-year institutions involved in engineering and
engineering technology programs; coordinating engineering programs
statewide; and developing personal contacts among faculty members.
According to faculty members and administrators who have participated,
the council is promoting a new statewide A.S. degree to ensure standard-
ization, provides members of the state committee on the A.S. degree, and
represents engineering education to the state government. The council
meets twice a year in different locations throughout the state, alternating
between two-year and four-year institutions. Leadership also alternates
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this way. The council is currently developing a Web site, http://www.
wcerte.org/.

California Engineering Liaison Council

Established in 1947, the California Engineering Liaison Council is
made up of administrators, faculty members, and staff members from col-
leges of engineering at University of California and California State Uni-
versity campuses, community colleges, and independent universities and
colleges. The council meets twice a year, alternating between northern
and southern California.

The council serves the following functions:

¢ exchanging information and developing recommendations for
action in engineering education

* improving communications in matters of mutual interest

¢ developing, reviewing, and acting on proposals for policies, plans,
and procedures that affect engineering education

¢ advising individuals and groups on promoting effective engineer-
ing education

The council is currently involved in activities to improve articulation be-
tween two-year and four-year programs; promote the uniformity of basic
concepts in core courses; provide up-to-date, accurate guidance informa-
tion; and collect and evaluate statistics on the number of incoming stu-
dents and the number who complete engineering majors.

Two Year Engineering Science Association of New York State

The Two Year Engineering Science Association of New York State
(TYESA) is an organization comprised of members from institutions of
higher education in New York state that grant an A.S. degree in engineer-
ing science and adhere to curriculum guidelines set by the organization.
Liaison membership is available to institutions and agencies interested in
participating in TYESA meetings and other events.

TYESA member schools agree to adhere to the following curriculum,
which was approved in 2000: four mathematics courses (calculus I and II,
differential equations, and calculus III or linear algebra or statistics); one
chemistry course; four courses in English and the humanities/social sci-
ences; one computer programming course (mathematical software or pro-
gramming); one introduction to engineering course; and a design experi-
ence—as a separate course or integrated existing course).

A minimum of six elective courses are required, at lease two of which
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must be in engineering science. Elective courses available to students in-
clude statics, dynamics, circuits and networks, strength of materials, ther-
modynamics, materials science, graphics, engineering laboratory, mono-
processor applications, organic chemistry I and I, modern physics, linear
algebra, general biology I and II, chemistry 1II, digital electronics, and com-
puter science I and II.

TYESA has six goals:

1. To provide a forum for the free expression of ideas and opinions
of members on engineering education.

2. Tomaintain communication between two- and four-year colleges.

3. To provide a continuing review of the quality, content, and goals
of the two-year engineering science curriculum.

4. To facilitate transfer from two-year to four-year colleges.

5. To provide a vehicle for joint action on all matters of mutual in-
terest and benefit to engineering science programs offered by member
institutions.

6. To maintain communication with the New York Department of
Education and other regulatory agencies.

The State University of New York (SUNY) TYESA maintains a Web
site that lists curriculum guidelines, upcoming events, links to member
schools and four-year liaisons, and information about its annual design-
and-build competitions.

The three programs described above have demonstrated innovative
approaches to enhancing the transfer mission, but a number of issues are
still unresolved. Research to identify areas for improvement in the trans-
fer mission and to measure the effectiveness of current strategies and so-
lutions would be useful.

CONCLUSION

The degree of institutionalization and regulation through oversight
by a statewide entity varies among articulation agreements. Some of the
agreements profiled at the workshop were developed because individual
faculty members and administrators at a community college or four-year
institution wanted to work together. These agreements are typically con-
tingent on the personal relationships of individuals who are committed to
the transfer mission. Other agreements derive from a top-down, state-
wide initiative to improve articulation and transfer of community college
students. The committee noted three types of articulation agreements,
based on the curricular scope of the agreement: course-by-course, depart-
mental, and institutional.
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Notable programs featured at the workshop had adopted a variety of
approaches based on comprehensive articulation agreements, and they
do appear to increase the likelihood that community college students will
transfer to four-year engineering programs. Exemplary agreements in-
clude frequent interactions between (1) faculty members and administra-
tors at community colleges and four-year institutions; (2) between two-
and four-year partner institutions; (3) with high school (even middle
school) students and teachers in surrounding communities; (4) and with
parents, teachers, counselors, and leaders of youth organizations and edu-
cational outreach programs.

Communication between faculty members and administrators at part-
ner institutions cited by workshop participants included campus visits,
regularly scheduled local and statewide conferences and councils, and
exchanges of course descriptions and curricular changes. Vehicles for
communication with students and the people who advise them include
print and Web advertisements; information on course and credit require-
ments, articulation agreements, and sources of advice and financial assis-
tance; visits by two- and four-year faculty members to high schools and to
one another’s campuses; career fairs; and transfer counselors at both two-
and four-year partner institutions.

Cooperation includes faculty member exchanges; a single registration
form and fee for community college and transfer students; shared cam-
puses or facilities; inclusion of community college students in engineer-
ing competitions and other events at four-year institutions and student
engineering societies; access for transfer students to financial assistance,
mentors, internships, and co-op opportunities; support for bridge pro-
grams and other outreach activities to interest more women and under-
represented minority students; and recruitment of high school students to
community college A.S. degree programs.

Conclusion 2-1 Some articulation agreements are better than others. The
most effective agreements provide for a seamless transfer of community
college students to four-year engineering programs. These agreements are
also characterized by continual improvements in response to changing
engineering curricula at four-year educational institutions; institutional-
ized partnerships between community colleges and four-year institutions;
and frequent interaction and collaboration between faculties and admin-
istrators of partner institutions.

Conclusion 2-2 The mission of effective transfer partnerships is “second-
level articulation,” That is, a focus on transfer outcomes rather than the
mechanics of articulation (e.g., course credits, content and the exact sequenc-
ing of courses). The success of second-level articulation depends on com-
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munication and cooperation between transfer partners in pursuit of the
same goal—the seamless transfer of community college engineering sci-
ence students to four-year engineering programs and their attainment of
a B.S. or advanced engineering degree.

Conclusion 2-3 Second-level articulation requires a culture in traditional
engineering programs of focusing on the retention of engineering stu-
dents, including transfer students, by providing a supportive educational
environment.

Conclusion 2-4 Students who complete the A.S. degree before transfer-
ring are most likely to complete an engineering program and receive a
bachelor’s degree. Students who do not take enough engineering courses
and transfer too soon often run into problems and are less likely to com-
plete a degree. Data presented by a representative of Rochester Institute
of Technology (RIT) at the workshop show that the persistence rate of
transfer students is positively correlated with earning an A.S. degree prior
to transferring.

Conclusion 2-5 Course-by-course articulation systems may discourage
students from completing the A.S. degree for two reasons: (1) they see no
benefit in completing a degree that includes courses that are not required
at the four-year school and are, therefore, not accepted upon transfer; and
(2) faculty members at the four-year college may tell them they do not
need some courses to transfer. A block transfer agreement that gives pre-
mium transfer credits for completing the A.S. degree might encourage
students to stay the course until graduation from two-year programs.

Conclusion 2-6 Uniformity between two-year engineering science cur-
ricula and lower-division courses at four-year engineering programs is
desirable but not sufficient for seamless transfers of community college
students. A minority of community college representatives at the work-
shop argued that articulation agreements should be more flexible—i.e.,
community colleges should not be expected to match their curricula ex-
actly to four-year engineering programs. The committee concludes that
greater flexibility, without compromising standards, could be achieved
by ensuring that engineering pedagogy is less course driven and more
outcomes based.
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Recruitment and Retention

of students interested in pursuing a transfer pathway to a baccalaure

ate or advanced degree in engineering. The chapter includes (1) de-
scriptions of efforts by two-year institutions to attract and retain students
in engineering science programs and prepare them to transfer to four-
year engineering programs and (2) descriptions of efforts by four-year
institutions to recruit students from community colleges and retain them
in their engineering degree programs. The recruitment and retention of
women and minority students, who are underrepresented in engineering,
is also a focus of attention.

The National Science Board (2004) recently observed “a troubling de-
cline in the number of U.S. citizens who are training to become scientists
and engineers, whereas the number of jobs requiring science and engi-
neering . . . training continues to grow.” The board further observed:

I n this chapter, the committee discusses the recruitment and retention

... if the trends identified in Indicators 2004 continue undeterred, three
things will happen. The number of jobs in the U.S. economy that require
science and engineering training will grow; the number of U.S. citizens
prepared for those jobs will, at best, be level; and the availability of people
from other countries who have science and engineering training will de-
cline, either because of limits to entry imposed by U.S. national security
restrictions or because of intense global competition for people with these
skills.

Even if action is taken today to change these trends, the reversal is 10 to
20 years away. The students entering the science and engineering work-
force in 2004 with advanced degrees decided to take the necessary math-

30
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ematics courses to enable this career path when they were in middle
school, up to 14 years ago. The students making that same decision in
middle school today won’t complete advanced training for science and
engineering occupations until 2018 or 2020. If action is not taken now to
change these trends, we could reach 2020 and find that the ability of U.S.
research and educational institutions to regenerate has been damaged
and that their preeminence has been lost to other areas of the world.

These statements underscore the importance of recruiting and retaining
students who are U.S. citizens to the field of engineering.

KEY CHALLENGES

One of the critical challenges facing community colleges is increasing
awareness of the opportunities they can offer engineering students. Stu-
dents continue to enter community colleges without realizing they can
obtain a four-year degree in engineering by beginning their studies at a
community college and transferring to a four-year university engineering
program. In addition, students and parents are often unaware of other
benefits offered by community colleges, such as lower costs and flexible
class scheduling. There is also a widespread belief that the education pro-
vided by community colleges is inferior to that of four-year institutions.
Participants in the workshop also pointed out other challenges:

e inadequate or nonexistent guidance counseling in high schools

e alack of advertising by community colleges and state agencies

e a failure of community colleges and four-year educational insti-
tutions to reach out to local high schools and to solicit the help of alumnae
who could serve as role models and mentors

e the lack of data tracking outcomes for transfer students, which
could demonstrate the viability of the community college pathway to en-
gineering degrees

e alack of recognition, guidance, assistance, and cooperation from
four-year educational institution

To significantly increase the number of students who embark on the
community college pathway to engineering, four-year schools will have
to use their brand images to promote community college programs, per-
haps by developing joint admission and recruitment programs with two-
year schools. For example, a four-year school’s name could be listed next
to the engineering science major on the community college application,
and promotional materials and high school outreach programs developed
jointly should prominently feature the names of both schools.

Workshop participants generally agreed that strong partnerships be-
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tween community colleges and four-year engineering programs improve
student recruitment and retention for both institutions. Community col-
leges that reach out to potential students through a variety of messages
and media and demonstrate that they have a proven record of success in
preparing students to transfer to an engineering degree program are more
likely to succeed in their recruitment and retention activities, especially if
they have an established articulation agreement with a four-year institu-
tion. Four-year institutional partners also benefit by being able to draw on
an expanded, and in some cases more diverse, recruitment pool that in-
cludes talented community college students. Moreover, four-year insti-
tutions will have better retention rates when they work together with
community colleges to improve the preparation of students to pursue
upper-division engineering courses.

Awareness of the benefits of a community college education varies
among communities and states. According to workshop participants, com-
munity colleges frequently are perceived as a less beneficial alternative to
four-year institutions for beginning postsecondary education suggesting
that community colleges must “market” themselves better by building
bridges with both high schools and four-year institutions to get their mes-
sage across. Both two- and four-year institutions should make more use
of the Internet, especially to disseminate transfer information on institu-
tional websites.

Despite their recruitment efforts, community colleges report that
many students who come to their campuses do not realize they can earn a
four-year degree in engineering by starting on the community college
pathway. This is especially true for students from inner-city schools and
low-income communities, many of whom enter the educational pipeline
through community colleges. Articulation agreements with four-year in-
stitutions are useful only if students and their parents are aware of them
and are given proper guidance during the first two years of their course-
work (Rifkin, 1998).

Proximity often plays an important role in students” decisions to at-
tend community colleges. In many cases, four-year institutions with engi-
neering programs are located in distant communities, and community col-
leges are nearby. Four-year institutions can improve their recruiting of
students by making their campuses accessible to students who prefer not
to travel long distances. Distance learning may be an option for such stu-
dents, although it is not known how many community colleges offer dis-
tance learning options or how many students are involved. Some of the
institutions represented at the workshop offer distance learning as a way
of recruiting and retaining students.

Another challenge for both community colleges and four-year institu-
tions is to expand collaborations with high schools. As a number of work-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

athway to Engineering Careers

RECRUITMENT AND RETENTION 33

shop participants noted, early competence in mathematics is key to suc-
cessful matriculation in engineering. Another prerequisite is strong read-
ing comprehension skills. Advanced high school students could also be
encouraged to take concurrent courses at the community college level,
which may improve their chances of completing an engineering degree.
The committee and workshop participants agreed that encouraging stu-
dents to earn community college credits in the twelfth grade was a good
way to counteract “senioritis,” which is characterized by a drop in inter-
est in academics as students approach graduation.

Students in two-year programs often work part time or even full time,
and many have family commitments. Working students frequently carry
fewer credit hours and may become discouraged by how long it takes to
complete the A.S. degree. Data collected by the National Center for Edu-
cation Statistics suggest that many students who begin their higher edu-
cations at community colleges do not have adequate skills in mathematics
and reading (Hoachlander et al., 2003). Students who require enrichment
work to build up their skills before they can enroll in engineering science
courses face higher costs and, typically, longer to earn their degrees. Some
states require that community college students take courses that are not
required of students at four-year institutions, for example, physical edu-
cation, which may add to their financial burden and length of time before
they are eligible to transfer.

The growing diversity of the U.S. population and the number of col-
lege students who are first-generation Americans means that transfer stu-
dents have increasingly diverse racial, ethnic, and socioeconomic back-
grounds, often quite different from those of other students and faculty
members. Engineering faculty members and administrators must recog-
nize these differences and take into account that they may affect not only
the social integration of transfer students, but also their academic perfor-
mance.

Tsapogas (2004) notes that GPAs tend to be lower for transfer
students:

Science and engineering graduates with lower undergraduate grade
point averages (GPAs) were more likely to have attended community
college than were graduates with higher grade point averages. Fifty per-
cent of S&E [science and engineering] graduates with less than a 2.24
GPA (mostly C’s) reported that they had attended community college
before receiving their S&E degrees, compared with 42 percent of those
with an undergraduate GPA of 3.75-4.00 (mostly A’s).

However, in a meta-analysis of transfer shock—the temporary dip in the
GPAs of transfer students in the first or second semester after transfer—
Diaz (cited in Laanan, 2001) found that in most cases the drop was not
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dramatic and that many students recovered quickly. Although the GPAs
of transfer students entering four-year engineering programs tend to be
lower than those of four-year-only students (which translates to lower
GPAs at graduation), transfer students are as likely, or more likely, than
four-year-only students to meet academic expectations. Their retention
was reported by workshop participants as equal to, or greater than, the
retention of four-year-only students.
Adelman (1998) found that:

among all students who reached the threshold of the engineering path
and attended four-year colleges, the proportion of community college
transfer students who completed bachelor’s degrees in any field was
almost indistinguishable from the proportion of students completing
bachelor’s degrees within four-year college attendance patterns, and the
comparative proportions of these two groups completing degrees in en-
gineering is not statistically significant.

Specifically, 65.8 percent of community college transfer students com-
pleted a bachelor’s degree in engineering, compared with 60.4 percent of
students in four-year-only institutions who persisted to the junior year.

In the literature (and corroborated in the workshop), the lack of finan-
cial assistance for community college students is cited as a major barrier
to their retention, both before and after they transfer to four-year engi-
neering programs. While most states increased their spending on commu-
nity colleges in the 2003-2004 academic year, tuitions also increased—on
average by 7 percent nationwide (Katsinas et al., 2004). In addition, be-
cause of different institutional contexts, the sources of financial aid may
be different for the subset of students who eventually transfer to four-
year programs than for community college students as a whole. The
weight of testimony from workshop participants concerning this issue,
led the committee to conclude that there is a pressing need for new pro-
grams, as well as expanded existing programs and sources of financial
assistance, for community college students and transfer students.

Community college students often need financial assistance for many
reasons. First, as noted above, many are working at least part time while
they attend college. Financial assistance would enable them to focus more
on their education. Second, students from the racial and ethnic groups
that are underrepresented in engineering are more likely to come from
low-income families for whom the cost of a community college education
is a financial burden. Adelman (2004) suggests that low socioeconomic
status lessens the likelihood of a student completing a degree. Zamani
(2001) notes that low-income students and non-Asian minority students
have lower transfer and program-completion rates.

A recent report by the Pell Institute (2004) observed, “Most students
from low-income families never consider going to college, and those who
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do tend to go to community and for-profit colleges.” The report cites data
from the first national study to measure opportunities for low-income stu-
dents to access and succeed in higher education in recent academic years
(Table 3-1).

A 2004 study found that financially needy first-generation college stu-
dents are much more likely to complete an associate degree if they attend
an institution with reliable class schedules and an easy-to-navigate bu-
reaucracy (Person & Rosenbaum, 2004). The authors observed that “Col-
lege access does not always translate quickly or easily into college suc-
cess. We need to look at how colleges’ organizational environments might
be more supportive for highly disadvantaged students.” The study iden-
tified three key organizational structures that seemed to raise graduation
rates:

®  “One-stop shopping”—prospective students could often enroll,
register, and apply for federal financial aid by working with a single per-
son in a single afternoon. This structure was typically available in private,
but not public two-year colleges.

e Predictable and streamlined curricula. As noted above, low-in-
come students often face an array of demands from jobs and family mem-
bers. They are more likely to complete an associate degree if they can be
confident that their courses will be offered in a regular sequence at conve-
nient times of the day. Students at the public colleges often reported that
classes had been canceled at the last minute, or that some of their required
courses had been offered at night, but others during the day.

* Low counselor-student ratios. Because the private colleges” ac-
creditation partly depends on their graduation and job-placement rates,
they closely monitor their students’ progress.

The Pell report notes that the “stratification by students” income”
seems to be increasing, that is, low-income students are increasingly at-

TABLE 3-1 Type of Institutions Students Attend, by Family Incomes

Family Income (percent)

Type of Institution Under $25,000 $25,000-$74,999 More than $75,000
Community college 20 59 21
Private two-year institution 22 50 28
Public four-year institution 11 48 41
Private four-year institution 8 35 57

SOURCE: Pell Institute, 2004.
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tending two-year and non-degree-granting institutions. The report con-
cludes that, “If low-income students are unable to go to four-year colleges
and obtain a bachelor’s degree, their aspirations and achievements will be
limited” (Pell Institute, 2004).

Transfer to a four-year engineering program almost certainly exacer-
bates the financial burden of low-income students and their families, not
only because tuitions are higher than at community colleges, but also be-
cause demands on students’ time increase and course schedules are less
flexible. The rigor of upper-division engineering courses also limits the
number of hours students can work.

Other students who enter engineering science programs better pre-
pared academically and with more abundant financial resources may
leave programs because the traditional curriculum—Iacking design- and
project-based content—fails to communicate what engineers actually do.
This is also a problem in four-year engineering programs. Four-year engi-
neering faculty could collaborate with two-year institutions to develop
such courses.

Retention strategies by a number of community colleges alone and in
collaboration with four-year partners include scholarships, internships,
faculty advisors, mentoring by peers, study centers and mentoring pro-
grams, mathematics laboratories, weekend and evening hours for labora-
tories and study centers, engineering clubs, collaborations with local in-
dustry, and joint events with four-year partners to highlight the project
and design elements of engineering.

EXEMPLARY APPROACHES TO
RECRUITMENT AND RETENTION

Recruitment strategies by a number of community colleges repre-
sented at the workshop had many common features:

e visits to local high schools

e direct mailings to principles, counselors, and students who were
not admitted to four-year institutions and others, whose names may be
supplied by four-year institutions in the area

* advertisements via posters, brochures, and websites

® participation in joint recruitment events with four-year partners

e providing speakers for physics and other classes at local high
schools

* inviting college representatives to speak at local career days

® sponsoring senior preview days in the spring

* inviting community college students to robotics competitions and
other project or design events held on university campuses
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* engineering camps and after-school programs
* providing scholarships and internships to transfer students
* recruitment events at local military bases
L]

recruitment events at technology days

Less frequently mentioned features included visits to middle schools,
collaborations with K-12 teachers, and outreach to high school students
through invitations to observe or compete alongside community college
engineering students (e.g., in robotics and other design-and-fabrication
competitions) in events held on university campuses.

North Carolina State University/
Lenoir Community College Partnership

North Carolina State University (NCSU) provides its transfer partner,
Lenoir Community College, with the names of students who were not
accepted into its freshman class. Direct mailings are then sent to these
students to inform them of the possibility of beginning their engineering
degree work at Lenoir and transferring to NCSU as juniors. Lenoir and
NCSU have just begun a program to work with K-12 students in the re-
gion to stimulate interest in engineering.

University of Texas at San Antonio
Pre-freshman Engineering Program

Founded in 1979, the University of Texas at San Antonio Pre-fresh-
man Engineering Program (PREP) is designed to address the problem of
recruitment and retention of students in engineering programs. The pro-
gram has been so successful that it has been replicated at several locations
in Texas and other states.

PREP is designed to motivate middle school students to begin study-
ing for careers in science, engineering, and technology. According to the
program website (www.texprep.org), 90 percent of students who partici-
pated in the program have graduated from college, and 52 percent of them
majored in mathematics, science, or engineering. The most recent survey
(in 2002) reported figures of 88 percent and 50 percent, respectively.
Whether the small decline was part of a trend or simply the result of sta-
tistical fluctuation, faculty members felt that the rates could be improved.

Because students usually complete PREP by their first year of high
school, there are two more years for reinforcing their confidence that they
are capable of earning a bachelor’s degree in a science, technology, engi-
neering, or mathematics (STEM) field. To bridge the two-year gap, a new
program was introduced at San Antonio College to provide a transition
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between the completion of PREP and the first year of college. This pro-
gram—~Early Development of General Engineering (EDGE)—is described
below.

West Kentucky Community and Technical College
and University of Kentucky

These two educational institutions have established a partnership for
recruitment that includes collaborative scholarship programs and atten-
dance at college nights at local high schools. They share advisory commit-
tee and board members and collaborate on infrastructure development
(they share a common campus) and have a common tuition-billing pro-
gram.

San Antonio College Early Development
of General Engineering Program (EDGE)

The EDGE program was initiated during an eight-week summer ses-
sion at the college in 2003. Twenty to twenty-five tenth- and eleventh-
grade students were enrolled in two college courses: college algebra and
introduction to engineering. The two classes met from 9 a.m. to noon,
Monday through Friday. Afternoon activities consisted of supervised
study (S51) and student success sessions (SS2) from 1 p.m. to 4 p.m. In the
SS1 sessions, groups of about 10 students worked together on homework
and group projects, received assistance with assignments, and built a
sense of community and shared success under the supervision of a leader
or mentor. Key elements of the program were collaborative learning, peer
support, workshops on study techniques, test taking, guest speakers, and
special presentations on engineering. Four field trips introduced students
to engineering in two private companies, one agency, and one university.
Program results were compiled from the paper, “Getting an EDGE in En-
gineering Education” by O’Connor and Dimitriu (2004).

MESA MSP and MSTC Programs

MESA (mathematics, engineering, science achievement) operates two
programs at the precollege level: the MESA School Program (MSP) and
the MESA Success Through Collaboration (MSTC) Program. MSP assists
students in middle schools (grades 6-8), high schools (typically grades 9-
12), and some elementary schools to boost their performance in math-
ematics and science and become eligible to enroll in a college /university
program in mathematics, engineering, or science. MSP offers individual
academic plans, academic excellence workshops, training in study skills,
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day academies, career and college exploration (e.g., guest speakers and
field trips to show students different college and career opportunities,
including engineering), parent leadership development sessions, and
teacher training opportunities.

The MSTC program (which has been eliminated in at least one state
since the workshop was organized due to budget cuts) was designed to
build partnerships among individual schools, American Indian commu-
nities, and American Indian education centers. Targeted at a population
that has little presence in engineering, this program is designed to in-
crease the visibility of engineering as a career choice and provided aca-
demic skills necessary to entering a college or university engineering pro-
gram. A unique feature of MSTTC is that its sites were located in remote
rural areas, introducing mathematics-based career options in these com-
munities. MSTP offered the same academic enrichment components as
MSP.

MESA Community College Program

MESA Community College Program (MCCP) provides mathematics,
engineering, and science enrichment to community college students to
enable them to excel academically and ultimately transfer to four-year
institutions as mathematics-based majors. The program establishes aca-
demic community centers on campuses where most students are com-
muters and peer support and information sharing are scarce. The pro-
gram is supported by industry, which hopes to help students learn
firsthand about career options, scholarships, internships, and special
programs.

MCCP offers a range of activities and services to community college
students to improve retention rates and prepare students for transfer to
four-year institutions. MCCP activities and services include: academic
excellence workshops; an orientation course; assistance in the transfer pro-
cess (help completing applications, counseling, and field trips to universi-
ties); a student study center on campus; and professional development
workshops.

MCCP’s career-advising services expose students to a variety of math-
ematics, engineering, and science career options through industry men-
tors, field trips, job shadowing, career fairs, and internships. The program
links community college students with student and professional organi-
zations through speakers’ series and tours of companies. Corporate rep-
resentatives, including many alumni, participate on the board and pro-
vide an important connection between students and companies; they also
make their companies’ resources available to MCCP students in the form
of scholarships, strategic planning resources, summer internships, and
field trips.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

athway to Engineering Careers

40 THE COMMUNITY COLLEGE PATHWAY TO ENGINEERING CAREERS

Prince George’s Community College

The STEM Collegian Center, a new program at Prince George’s Com-
munity College, provides both peer and faculty mentoring and advising
to students in all STEM disciplines. Faculty members also work individu-
ally with students during the “Introduction to Engineering” course to help
them become comfortable with seeking out career counseling and aca-
demic assistance from faculty members.

Three Rivers Community College (TRCC)

Every academic year, the director of the nuclear degree program takes
all of the students in the Three Rivers Community College (TRCC) pro-
gram on a tour of the nuclear engineering and health physics departments
at the University of Massachusetts, Lowell, to acquaint them with the aca-
demics of these programs and inform them about internships and perma-
nent job opportunities. During the tour, graduates of TRCC meet with
students in the program to discuss their personal experiences.

Another feature of the program is that second-year students who are
doing well in their coursework are asked to make themselves available as
tutors for freshmen students. They set up mutually agreeable meeting
times and assist the freshmen, as needed. A unique initiative at TRCC is a
program in which designated third-year students act as tutors for second-
year students. The third-year students are graduates of the nuclear engi-
neering program who have been selected to stay on for a third year under
full scholarship to obtain an additional A.S. degree in either electrical or
mechanical technology.

In addition, the 24 members of the Nuclear Advisory Committee make
themselves available to meet with students on a one-on-one basis to dis-
cuss career possibilities. Members of that committee are from the nuclear
business community in Connecticut and department chairs from the four-
year programs into which TRCC students normally transfer. The results
of the TRCC program have been greatly improved by the exceptional fi-
nancial support of the nuclear industry, a feature that cannot be repli-
cated by other programs, although it may provide a model.

Jones County Junior College

A faculty member at Jones County Junior College (the only college
represented at the workshop that continues to describe itself as a junior
college) describes the Student Engineering Society as the best feature of
the engineering science program and an important retention tool. The
society is a student chapter of National Society of Professional Engineers
(NSPE) sponsored by the local MESA chapter. The society sponsors
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monthly talks by individuals from various engineering disciplines and
trips to a variety of industries where students can learn firsthand what
engineers of various types do on the job.

Monroe Community College

The Monroe Community College (MCC) program provides students
with design-and-build experience in several engineering science courses.
In the first semester, students design the chassis, transmission, and other
components of a small car powered with a DC motor. The students then
fabricate the parts in one of two manual machine shops on campus, using
mills, lathes, and other tools. At the end of the semester, the cars compete
in sprinting, pulling, and climbing events.

In the second semester, students are assigned an electronic micro-
controller design project. For example, students design and build alarm
systems with infrared sensors, servomotors, switches, light-emitting di-
odes, speakers, and microcontrollers. In their final semester, students
work in teams to design and build a working prototype to compete in the
annual SUNY Engineering Science Association Competition. The top three
MCC teams receive funding from the engineering club to travel to and
compete at the SUNY Two Year Engineering Science Association (TYESA)
Competition.

In the final semester of 2004, students designed and built robots that
collected three red and three blue golf balls on an 8 ft x 8ft plywood sur-
face and deposited them in the appropriate red or blue goal. These de-
sign-and-build experiences are extremely stimulating for students. Fac-
ulty members have observed that students work harder on projects than
on other class assignments. Design-and-build projects also prepare stu-
dents to be self-directed learners and to work effectively with a team of
peers.

EXEMPLARY APPROACHES TO FINANCIAL ASSISTANCE

Overall, community college students have a decidedly lower socio-
economic status distribution than four-year students. A higher propor-
tion of them (45 percent) are first-generation college students with En-
glish as a second language, and many come from Hispanic backgrounds.
These characteristics correlate with attendance at K-12 schools in urban
and impoverished areas. In addition, many of these students do not reach
the threshold for majoring in engineering (precalculus, calculus, introduc-
tion to engineering design, and engineering graphics [CAD]). These stu-
dents typically end up spending more time obtaining an A.S. degree than
students who enter with the requisite STEM background. Many students
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work part- or full-time while they attend community colleges; thus, their
enrollment in classes may be sporadic, and it may take them longer than
usual to earn an A.S. degree or certification, especially if the courses they
need are not offered at times when they can attend. Thus, due to their
circumstances, students who are academically unprepared and/or finan-
cially disadvantaged are at risk for dropping out of community colleges
before they earn an associate degree.

Three Rivers Community College

The Three Rivers Community College (TRCC) program is a technol-
ogy degree program, rather than an engineering science program, that
has partnerships with four-year institutions with engineering degree pro-
grams. Although the focus of this report is on the latter, some sophomore
and junior students from engineering technology degree programs at com-
munity colleges and technical schools do enter four-year engineering pro-
grams.

The technology program is based on a unique partnership with a lo-
cal nuclear facility. The Millstone Station nuclear facility offers as many as
17 scholarships each year to students in the TRCC nuclear program, pro-
viding tuition, fees, books, supplies, a monthly stipend during the aca-
demic year, a guaranteed 12-week summer internship, and access to job
postings at the Millsone Station facility. Students who accept scholarships
are under no obligation to work at the facility when they complete their
studies. Graduates from the program can readily transfer into four-year
degree programs in nuclear engineering nationwide as juniors. TRCC has
articulation pacts with numerous four-year universities, all of which are
accredited by Connecticut Engineering Accreditation Commission and
Technology Accreditation Commission.

Merrimack College

Most of the students at Northern Essex Community College the part-
ner institution of Merrimack College, are part-time students who work
full or part time and cannot, therefore, attend Merrimack as full time stu-
dents. To accommodate these students, Merrimack created an accredited,
part-time electrical engineering degree for working students. Beginning in
the fall of 2004, Merrimack also lowered its rates for part-time students
from $760 per credit to $235 per credit. Merrimack College also offers sci-
ence and engineering scholarships that enable community college stu-
dents with a 3.5 GPA in an approved A.S. program to transfer to
Merrimack with the same tuition and fees as for University of Massachu-
setts at Lowell.
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CONCLUSION

The programs described above have developed innovative ap-
proaches to improve recruitment and retention, but a number of issues
remain to be resolved. Further research might focus on identifying addi-
tional areas for improvement in recruitment and retention and measuring
the effectiveness of current strategies.

Improving the community college pathway for students from under-
represented minorities and women will be important to diversifying the
U.S. engineering workforce. To be successful, community colleges and
four-year educational institutions will have to achieve their recruitment
and retention goals for nontraditional students. Representatives of four-
year engineering programs at the workshop reported that retention rates
for transfer students was generally as high, or higher, than the rate for
four-year-only students. However, the number of community college stu-
dents with the potential to complete B.S. degrees in engineering who leave
the engineering pathway prior to transfer is not known. Programs aimed
at recruitment range in intensity from one-time activities (e.g., visits to
local schools, summer camps, and career fairs) to comprehensive national
programs that focus on both social integration of minority students and
academic preparedness and excellence in STEM disciplines.

Broadly disseminated articulation agreements are essential to inform-
ing and reassuring students and parents that an engineering degree
gained through the community college pathway is not only possible for
them but is also highly probable if they follow the guidelines in the articu-
lation agreements. In addition to articulation agreements, the recruitment
and retention of engineering students requires close collaboration between
transfer partners in a variety of other activities, including assistance with
finding and applying to programs offering financial assistance.

A key challenge to recruitment and retention is the need for more
public awareness (especially among first-generation and low-income stu-
dents) that it is possible to earn a B.S. degree in engineering through the
community college pathway.

Conclusion 3-1 Community colleges are in the best position to undertake
outreach programs to K-12 teachers and students in their communities,
using the successful communication and dissemination strategies de-
scribed in this chapter of the report. Recruitment is most effective when
data on the success of transfer students are available to potential students,
parents, and high school teachers and advisors. Unfortunately, most two-
year schools do not have the resources to compile and analyze these kinds
of data.
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Another recruitment challenge is the widespread perception that the first
two years of undergraduate engineering education is characterized by a
sink-or-swim culture, the goal of which is to weed out weak students
(Seymour & Hewitt, 1997). Additionally, women are more likely than men
to perceive that the culture of engineering schools is particularly inhospi-
table to women (Heyman, et al, 2002). Faculty and administrators of col-
leges of engineering must work with community college personnel to
change the climate from intimidating to inviting and supportive. This will
require that faculty members be aware of the social and cultural back-
grounds and learning styles of women and students from underrepre-
sented minorities (NAE, 2004).

The following activities can help create a welcoming environment,
promote retention in A.S. programs, and increase the likelihood that com-
munity college students will transfer to four-year programs:

® joint participation by two- and four-year faculties in recruitment
activities

® campus visits, faculty exchanges, and sharing of laboratories and
other facilities

¢ academic counseling and mentoring of community college stu-
dents by upper-division engineering students

e “leveling the playing field” between transfer and four-year-only
students in subtle and not-so-subtle ways (e.g., GPA requirements)

e inclusion of community college students in engineering society
chapters, build-and-design competitions, internships, and cooperative
activities.

Conclusion 3-2 The lack of financial assistance from institutional, state,
and federal sources is an enormous barrier to the recruitment and reten-
tion of engineering science students in community colleges. Additional
financial assistance is also needed for students who transfer to four-year
engineering programs to ensure that they can afford to stay in school until
graduation. Funding could come from institutions of higher education or
through fellowships and scholarships for transfer students funded by in-
dustry, and the federal government.

Research suggests that outreach to K-12 schools can encourage stu-
dents to pursue engineering in college. The middle school years are a criti-
cal time for encouraging students, especially girls, to take the mathemat-
ics and science courses necessary to reach the threshold required to pursue
an undergraduate degree in engineering (Adelman, 1999).

Often, only a small number of students at an individual community
college are interested in engineering, which makes it difficult to justify
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maintaining a faculty that has engineering expertise. In these cases, it is
also difficult to attract students to the program. A series of seminars about
engineering and technology/career opportunities, supported by the fac-
ulty and graduate students of the four-year partner and engineers in in-
dustry from the surrounding community, would help administrators
gauge the interest of local students in engineering and enable them to
plan and advocate for more engineering science faculty, if appropriate.

Community colleges might also consider recruiting industry experts
to teach on their campuses. Many practicing and retired engineers could
contribute to engineering education and strengthen the links between the
engineering curriculum and the real-world applications of coursework.
After all, engineers do things.

Four-year educational institutions, especially Research 1 universities,
frequently have partnerships with industry on research projects and some-
times for instruction. Community colleges do not have the same opportu-
nities to work with engineers in research, but they might still attract engi-
neers in industry who are interested in connecting with students, through
teaching, especially hands-on, project-based coursework.

Conclusion 3-3 Community colleges could develop partnerships with
industries in their areas to recruit interested and qualified industry engi-
neers to demonstrate the practical applications of mathematics and intro-
ductory engineering coursework.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

athway to Engineering Careers

Curricular Content,
Quality, and Standards

new technologies. Recent technological breakthroughs have been

made in biotechnology, nanotechnology, information and commu-
nications technology, materials science, and photonics, and other fields.
In response to changes in engineering, engineering education is also
changing. As engineering becomes increasingly specialized, more mate-
rial must be covered in lower division courses, as well as in junior and
senior year courses. Fundamental changes have been made in engineer-
ing education in four-year B.S. programs: more project-based learning;
the introduction of principles of design and other professional engineer-
ing features in lower division courses; and more emphasis on life sciences,
interdisciplinary material, and liberal arts.

The increase in required prerequisite knowledge in related disciplines
may increase the amount of coursework required for an A.S. degree at
two-year educational institutions. In some states, community college stu-
dents are already required to complete not only general education courses,
but also courses in seemingly unrelated fields, such as physical education.
As a result, the number of credits required for an engineering degree has
increased. Research shows that students who earned a baccalaureate de-
gree in engineering who started at four-year institutions completed an
average of 149 credits; students who started at community colleges com-
pleted an average of 160 credits (Adelman, 2004).

There is a growing consensus among educators and policy experts
that engineering curricula and pedagogy must be changed. Wulf and

I : ngineering continues to change in response to new challenges and
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Fisher (2002) have argued that engineering educational institutions are
becoming increasingly out of touch with the practice of engineering:

Not only are they unattractive to many students in the first place, but
even among those who do enroll there is considerable disenchantment
and a high dropout rate (of over 40 percent). Moreover, many of the stu-
dents who make it to graduation enter the workforce ill-equipped for the
complex interactions, across many disciplines, of real-world engineered
systems.

A number of researchers have focused on the need to include design and
build projects in lower division courses and to encourage research in the
undergraduate curriculum.(Beston, 2004; Grimson, 2002; Seymour and
Hewitt, 1997). The recommendations for how engineering education
needs to change contained in the NAE 2004 report, The Engineer of 2020:
Visions of Engineering in the New Century, are wide-ranging:

Almost all discussion of educating the engineer of 2020 presumes addi-
tions to the curriculum—more on communications, more of the social
sciences, more on business and economics, more cross-cultural studies,
more on nano-, bio-, and information technologies, more on the funda-
mentals behind these increasingly central technologies, and so forth
(NAE, 2004).

Changes have also been made in accreditation criteria, where the em-
phasis has shifted from student inputs to student learning outcomes. Cri-
teria 3, Program Outcomes and Assessment, of ABET’s Engineering Crite-
ria states (ABET, 2004):

Although institutions may use different terminology, for purposes of
Criterion 3, program outcomes are intended to be statements that de-
scribe what students are expected to know or be able to do by the time of
graduation from the program.

Engineering programs must demonstrate that their graduates have:

a. the ability to apply knowledge of mathematics, science, and
engineering

b. the ability to design and conduct experiments, as well as to ana-
lyze and interpret data

c. the ability to design a system, component, or process to meet de-
sired needs

d. the ability to function on multi-disciplinary teams

e. the ability to identify, formulate, and solve engineering problems

f. understanding of professional and ethical responsibility

g. the ability to communicate effectively

h. a broad education necessary to understand the impact of engi-
neering solutions in a global and societal context
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i. recognition of the need for, and an ability to engage in life-long
learning

j- knowledge of contemporary issues

k. the ability to use the techniques, skills, and modern engineering
tools necessary for engineering practice.

ABET mandates that each program have an assessment process and docu-
mented results. Programs must also show that the results are used to con-
tinue the development and improvement of the program. The assessment
process must demonstrate that the outcomes of the program, including
those listed above, are being measured.

KEY CHALLENGES

The discussion that follows addresses three questions raised in work-
shop presentations and committee discussions:

1. What material should be covered in A.S. programs at community
colleges? Should community colleges strive to provide course content that
is as close as possible to lower-division courses in four-year engineering
programs?

2. Whatresources do A.S. degree programs need to prepare students
to transfer and succeed in four-year engineering programs?

3. How can quality in A.S. programs be assured?

The first question relates to the development of a standard, lower-
division engineering curriculum. In this regard, community college fac-
ulty and administrators are “shooting at a moving target.” Courses that
used to be taught at higher levels are increasingly being taught in lower
levels of B.S. degree programs. Because of the lack of critical mass of stu-
dents in community college programs and a lack of resources to recruit
faculty with specialized expertise, this change presents serious problems
for community colleges. In addition, institutions disagree about which
courses are “lower level” and which are “upper level.”

Developing a curriculum requires defining students’ competencies in
engineering and relevant cognate subjects after two years of college-level
coursework. Although this was not included in the committee’s charge,
some obvious competencies can be listed:

Level 1: calculus sequence, physics, inorganic chemistry, and intro-
duction to engineering (including design)

Level 2: calculus sequence, physics, introduction to engineering, stat-
ics, dynamics, fluids, thermo, circuits I and 1I, digital logic, mechanics,
materials, organic chemistry, perhaps introduction to process design
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Level 3: same as Level 2, but with a strong engineering-design and
fabrication component in each course and with calculus and physics
taught as engineering classes, perhaps at least partly by engineering
faculty

How much variation could be allowed without compromising the
principle of a common curriculum? For example, some universities insist
that all engineering students must take their class in thermodynamics,
which is designed to meet the specific needs of their mechanical engineer-
ing program. When elements of upper level courses are taught in the fresh-
man or sophomore year, partnerships with community colleges can be
threatened. A good measure of a successful partnership might be the will-
ingness of a community college to commit to teaching the aforementioned
classes at a level of expertise acceptable to the four-year partner as long as
the four-year institution is willing to eliminate major-specific freshman
and sophomore classes as a requirement for transfer. Another solution
would be for the university partner to offer major-specific courses online
to the community college(s) with which they partner.

Several workshop participants described how their institutions had
used distance education to make courses more accessible to their students.
For example, tribal colleges, which are predominantly two-year colleges,
use distance learning to reach geographically isolated and dispersed
groups of students. Distance learning may also appeal to some students
whose work schedules prevent them from participating in classroom
learning. In addition, distance education can also introduce community
college students to four-year university faculty members and coursework;
even laboratory work can be conducted via distance learning.

Research that has been done on the effectiveness of distance learning,
is scant and inconclusive (Rovai, 2002). Two-year students typically
choose community colleges for reasons that seem antithetical to distance
learning, such as the personalized teaching/learning provided by smaller
classes and more interaction with faculty—in other words, a sense of com-
munity. Given the limited amount of data available on the efficacy of dis-
tance learning for community colleges, the committee believes more re-
search should be done in this area.

LOWER LEVEL CURRICULUM

Most of the workshop participants from two-year educational institu-
tions pointed out the problems created for engineering science programs
by the evolution of four-year curricula. As engineering curricula become
more specialized, driven partly by the continual improvement process
required by ABET 2000 criteria, community colleges are finding it increas-
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ingly difficult to offer courses or curricula that satisfy their four-year en-
gineering partners. Because of capacity issues, many community colleges
can only offer a single engineering sciences curriculum. As new courses
are added to four-year engineering programs, the number of four-year
engineering programs to which their students can transfer without losing
credits is decreasing.

One of the weaknesses of articulation agreements is that changes
made to four-year program curricula are often not reflected in the agree-
ments. Some community college representatives also noted that they were
unable to offer the number of lower-division courses defined by the ar-
ticulation agreement because of insufficient faculty, laboratory facilities,
and other resources.

Another weakness cited by representatives of community colleges
was the failure of four-year institutions to consult with them about im-
pending changes or to give them adequate time to adjust their curricula to
reflect these changes. To ensure that community college faculty members
and administrators have time to plan a response to changes, they must
have timely, frequent communication with institutional partners.

Lack of communication between two-year and four-year educational
institutions is a problem, especially for community colleges with numer-
ous four-year transfer partners and those located a good distance from
many of their partners. Since four-year institutions are in the dominant
position in transfer partnerships, they must provide mechanisms for en-
suring frequent communication with their community college partners to
assist them in responding to curricular changes.

There is a growing consensus among engineering educators that the
amount of application coursework should be expanded. Reducing the
emphasis on strictly theoretical expositions and increasing the practical
applications of engineering will benefit students in both two- and four-
year institutions. Many presenters at the workshop cited a need for more
project and design work in lower-division engineering courses for several
reasons: to improve students” understanding of the relevance of course-
work to what engineers actually do; to integrate more new technologies
into coursework; to increase the emphasis on teamwork, communication
skills, and skills required to operate in a global business environment;
and, particularly for community colleges, to establish partnerships with
local industries.

Several exemplary approaches to creating a more active learning en-
vironment were profiled at the workshop (the programs at Three Rivers
Community College, Merrimack College, and Monroe Community Col-
lege are described in previous chapters). Washington State University of-
fers students a variety of real-world engineering (or architecture) ex-
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periences. Students can participate in a regional or national robotics
competition, help create design-and-build projects for a concrete canoe,
participate in bridge building, participate in designing a chemically pow-
ered car, or participate in environmental design competitions. Student
groups have also built a solar-powered boat and a real airplane. More
than 20 student clubs offer a wide variety of activities, and the graduate
program in engineering offers international exchanges.

RESOURCES OF COMMUNITY COLLEGES

Two areas of concern for community colleges attempting to maintain
high standards are faculty professional development and adequate infra-
structure. Community colleges are teaching, not research, institutions. The
committee is not able to generalize about these two areas of concern from
the anecdotal information provided by workshop participants. The ad-
equacy of facilities, in particular, is dependent on a variety of contextual
factors the assessment of which is outside of the committee’s charge. Tes-
timony from workshop participants suggests that closer collaboration be-
tween four-year engineering programs and their two-year transfer part-
ners—e.g., sharing facilities and faculty exchanges—would potentially
enhance both the opportunities for professional development of commu-
nity college faculty and the facilities available to community college stu-
dents and faculty.

ACCREDITATION AND EVALUATION

It would be surprising if the subject of ABET accreditation of commu-
nity college engineering science programs did not arise in the course of
the workshop and the committee’s deliberations, especially with regards
to discussions of curriculum, standards, and quality. Currently, ABET
does not accredit two-year engineering science programs; it does accredit
two-year engineering technology programs. Community colleges are ac-
credited by regional organizations. Some workshop participants ex-
pressed the view that an ABET-style accreditation process would not work
for community colleges. Others felt that community college associations
and engineering societies should address this issue. The committee’s
charge does not include addressing the question of whether or not engi-
neering science programs should be accredited by ABET. However, fur-
ther assessment of the value of accreditation, how accreditation might be
best accomplished, and who might be best able to do so is warranted.
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CONCLUSION

The central topic of this chapter is what a student pursuing a bacca-
laureate degree in engineering needs to know at the end of the first two
years of study and how that knowledge can be demonstrated to a four-
year institution and others. This question involves issues related to cur-
riculum, pedagogy, and quality.

Conclusion 4-1 Institutions of higher education are addressing issues re-
lated to curriculum, pedagogy, and quality, but must do much more to
resolve them.

Conclusion 4-2 As the trends in engineering education move toward
greater diversity and specialization in the lower division course offerings
of four-year engineering programs, engineering science curricula are less
likely to cover the same material or achieve the same results. Thus, the
need for communication and resource sharing between transfer partners
and for the timely updating of articulation agreements is becoming more
urgent.

Conclusion 4-3 The engineering education community, and the profes-
sion as a whole, would benefit from a discussion of the feasibility and
desirability of standardized accreditation for community college engineer-
ing science programs.

Conclusion 4-4 More emphasis in the K-12 curriculum in U.S. schools

needs to be placed on mathematics. Mathematics courses in engineering
should put more emphasis on applied engineering examples.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

athway to Engineering Careers

Diversity in the Engineering Workforce

perative. Historically, engineering has been a white male-domi

nated profession. While other countries have been diversifying
their engineering workforces, mostly in terms of increasing the number of
women engineers, the “face” of the U.S. engineering workforce still does
not reflect the diversity of the population. In spite of efforts by many indi-
viduals and organizations over the past 30 years, economic, cultural, edu-
cational, and institutional barriers continue to discourage or prevent
women and underrepresented minorities from pursuing engineering edu-
cation and the rewarding careers that can follow. To meet the need for the
best and brightest individuals in engineering, as well as in science, tech-
nology, and mathematics, we must develop a domestic talent pool that
looks very different from the one we draw on today.

I I 1 he engineering profession in the United States faces a diversity im-

KEY CHALLENGES

Since World War 1I, the United States has become increasingly depen-
dent on talented individuals from abroad to meet its engineering needs
instead of developing a broad domestic talent base that includes women
and underrepresented minorities. Although the influx of foreign-born stu-
dents into U.S. engineering schools and the engineering workforce has
given U.S. engineering an international cultural and linguistic “feel,” the
creativity and ideas of American women and minorities have yet to be
exploited.

In 2004, 46 percent of master’s degrees and 57 percent of doctoral de-
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grees in engineering were awarded to foreign nationals (EWC, 2004).
However, the United States cannot continue to rely on talent from else-
where to meet its engineering needs. As Chubin et al. (2005) and many,
many others have observed, recent events have raised questions about
the decades-long strategy of drawing engineering talent from other coun-
tries. We must begin to ask ourselves who should be admitted to U.S.
universities, if we want graduates to stay here or return home, if national
security concerns take precedence over the development of a global
workforce, and if a profession rooted in American markets can thrive on
increasingly foreign-born talent.

The demographics of the engineering workforce clearly reflect the
problem. About one-third of the school-age population in the United
States consists of underrepresented minority students. Women constitute
more than half of the U.S. population and 60 percent of the total workforce.
Jackson (2002) observed that women and minorities in the U.S. no longer
are the underrepresented minority, they are the underrepresented major-
ity. Nevertheless, the percentage of freshman women enrolled in engi-
neering has declined recently, from a high of 19.9 percent in 1996 to 16.34
percent in 2004 (EWC, 2004).

The lack of diversity in the engineering workforce and in the engi-
neering-education pipeline, poses significant, and growing, costs and risks
for the engineering profession. First and foremost, the extreme under-
representation of major segments of American society in engineering
poses a moral and social dilemma, and, unless actions are taken to change
the situation, the opportunity costs to the engineering enterprise and the
nation will increase in the coming decades. Second, experience in indus-
try and the classroom shows that creativity is increased and the range of
potential solutions to problems is expanded when teams of people ap-
proach problems from diverse personal, cultural, and disciplinary per-
spectives. The scarcity of women and underrepresented minorities in U.S.
engineering classrooms, research laboratories, design studios, and corpo-
rate boardrooms limits the perspectives and diversity of ideas/solutions
(Wulf, 2002). Finally, although the long-term demand for engineering is
notoriously difficult to predict, demographic trends guarantee that the
current “underrepresented majority” in the United States will account for
an increasing share of the population and workforce as the new century
progresses.

Community colleges have long been recognized as providing oppor-
tunities to advance the goal of diversifying the U.S. engineering work-
force, especially racial and ethnic diversity. Although the makeup of com-
munity colleges student bodies varies by geographic location, a larger
percentage of students from some minority groups, notably Hispanics and
American Indians, attend community colleges than white students. Con-
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comitantly, community colleges have become an educational pipeline for
underrepresented minorities entering the higher education system.

In 1992, enrollments of minority students accounted for about 25 per-
cent of total enrollment in community colleges: 9.9 percent African Ameri-
can students; 1.1 percent American Indian students; 5.0 percent Asian/
Pacific Islanders; and 9.3 percent Hispanic students (Table 5-1). By 1995,
Hispanics enrolled in community colleges outnumbered African Ameri-
cans (AACC, 2000). By 2002, the minority subtotal of community college
enrollments had grown to 33 percent. Changes in the representation of
subgroups of minority students between 1992 and 2002, although small,
are likely to be predictive of future demographic changes. In 2002, Afri-
can American students comprised 36.0 percent of minority enrollments—
a slight decrease from 1992. Hispanic student representation rose to 41.2
percent, and American Indian student representation rose to 3.7. The larg-
est increase—from 5.0 to 19.0 percent—was for Asian/Pacific Islanders
(Phillippe and Gonzalez Sullivan, 2005).

Community college students differ from their counterparts at four-
year institutions both demographically (i.e., in age, enrollment status, so-
cioeconomic status, and educational background) and in student out-
comes (i.e., grade point average, time to degree, and dropout rates). As
Table 5-1 shows, community college students are more likely to be part-
time students, more likely to be older, less likely to be dependents, more
likely to have dependents, more likely to be minority students, and more
likely to be working full time. In addition, some community college stu-
dents are first-generation students, whose circumstances and worldview
differ in many ways from students whose parents attended college (Inman
and Mayes, 1999).

TABLE 5-1 Percentage of Bachelor’s, Master’s, and Doctoral Degrees in
Academic Year 20032004, by Race/Ethnicity and Foreign-National
Status

Race/Ethnicity )
Foreign-
Type of White White  Asian Hispanic ~ African Native National
Degree Male  Female American American American American Status
Bachelor’s  57% 12% 13% 6% 5% <1% 7%
Master’s 32 8 9 3 3 <1 46
Doctoral 27 7 6 2 2 <1 56

SOURCE: EWC, 2004.
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TABLE 5-2 Percentage Distribution for 1999-2000 of Undergraduates
According to Selected Student Characteristics, by Type of Institution.

Public 4-year Private not-for-profit Public
Student characteristics Tatal' 4-year total’ Detoral  Nondoctoml Dextoral  Nendoctoral 2-wear
Tetal 1m0.0 100.0 100.0 1m0.0 100.0 100.0 100.0
Sex
Mals 3.7 447 471 25 46.0 414 437
Famala 56.3 55.3 52.8 57.5 S4.0 58.6 56,3
Racelathnicity’
American Indian 10 ne 0.7 o8 s 1.2 1.3
Aziarv Pacific Elander X (&) 8.0 [ X 34 [H]
Elack 12.6 g nz 12.7 g 0o 13.2
White B1.E o 724 B89 691 na Be.4
Hizpanic 12.2 w3 [ 1.2 g 133 (FL]
Bge
12 and under 8.5 mne g 10.0 40 .1 a5
19-23 4.7 58.3 621 53.3 65.2 ale 385
24-29 17.0 145 155 16.7 (X7 131 124
30-33 13.8 B4 (&) 12.0 6.1 14.1 125
dhand above 1.8 [E) 48 an 67 g 174
Byarage &3e 26.4 24.2 214 26.0 23.0 25.7 229
Depandency status
Diapandsnt 4.1 62,7 6.0 §6.3 714 56,7 3683
Indapandant 50.8 3713 34.0 43.7 26.6 43.3 637
Rezpondant hes dependents
M 73.1 221 85.3 T1.5 871.% 713 B5.5
Ve 26.8 18.0 147 22.5 128 22.1 34.5
Singls parant’
M 867 21.0 1.8 288 231 a0z 238
W 13.3 [ 8.1 1.1 [ 98 164
Erplogment
Full-tims 39.3 26.4 21.7 32 20.3% 3ie 534
Part-tims 40.8 a0.7 53.8 4.7 52.4 46.3 30.4
Mot warking 18.8 228 244 20.3 213 188 154
Dizabdity statie”
Mo disabilicy 0.7 823 825 s Lok E-] a6 8oy
Diisability or difficuley a3 7 15 a2 6.1 85 (%)
Citizenzhip
Citizens 2.0 23.8 2.8 4.0 o217 25.5 B2.2
Student ard parentis) forsign.tam 4.2 35 33 [X] 45 2.4 50
Crily parentis) forsign-borm 101 (5] 104 89 145 5.2 100
Al othar citizens T8.6 20.5 20.0 a1.0 T8 26.% 7.5
Parmanent residents 5.1 38 4.1 45 3.7 25 6.1
Forsign soudents with viza 20 2.3 2.2 1.5 45 2.1 1.7
Sig rotas o and o abl.
Public d-year Private not-for-profit Public
Student characteristics Tatal' d-year total® Dcetoral  Nondoctoral Dicetoral  Nondoctoral Zyear
Hemz langusge
Englizh 473 0.3 2.1 481 1.2 21.4 855
Cther than English 127 107 108 110 128 8.6 14.4
Brrendance
Full-tims 21 545 .1 827 1.3 0.3 3.5
Part-time 47.8 31.5 30.8 37.3 22.1 30.7 625
Delayed arrellmant’
Cid not delay 54.5 a1.8 e 827 72.5 B1.8 413
Dalayed 455 32.2 28.1 37.3 21.5 8.3 587
High schael attainmert
High school diploma 34 91.3 20,4 61 20,4 95.6 800
GED or other aquivalency 5.2 21 11 24 1.0 3.7 74
High school completion certificate 0.3 0.z 0.z 0.2 0.z 0.3 04
Mo diploma or equivalent 11 03 03 0.4 04 04 1.7

"Iotal inchudks students in insttutan bypas et Isted hesa and stuckats whe sfended nor than one instiutan.

T s vl ches rot o stedans arvobdin pivatn broprof niteiars.

Enrdants wha idonified thair 13 a5 "otha” {gboat 1 precend] are not inchaced in this varisbls in arder ta maks i compwrabe 19 the WPSAS 1991 camoories. In 1999-2001 2
than ons: race. Thaesa siudens wes than asked which singks race best doarri bed tham and ware cocked s such. Amorican Indian ind uder Hasks Natw, Pacific Kasdar ind
friean Amsrican, and Hispanic incl wdas Latina, Raos cag clnda Hispanic angin unles paeifed.

finchs some stuct:, with deponduat: ather thas chidan

Fapdars wha ware ornploged fall time warkad 38 o s bouss par 3 ek

Ttpdars repaned sy o okt i on o secthr candion et cravad dffukien

Sipdants we cordrsctin b ddaed ewollmant # thers wes | s o o bebwsen thai figh schecl radastion dee and dee of st envclment in prtcnsday sdszion

Stpdark: who atsrced a feuign bigh scheed fsbous | pescent] v net inckekd in this areble in a2 rnka it cormpareble o tha NPEAD 1560 cotagarias.

NOTE: Datsd w1 2 - totafs bacana of iounding. Sas s 82 ] for chrfinitiane of tha ragiabsthn coiagais. S 125 for information sbpat pranecrdary insdousan
chasifications.

SURE: U5 Deparirent of Educaiion, NEES, 1933- 301 Meiionel Pasizacondary Soudent fid Sisdy [WPERSZ000).

Source: Department of Education, 2003.
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EXEMPLARY APPROACHES

Several of the community colleges represented at the workshop had
substantial numbers of minority students in their engineering programs.
They attributed the numbers to the geographic area from which they draw
students, rather than to strategies for recruitment and retention. A rep-
resentative of one institution with a considerable number of black stu-
dents noted that they were mostly from outside the United States and
that, despite its efforts, little progress had been made in recruiting Ameri-
can-born black students.

National Action Council for Minorities in Engineering

The mission of the National Action Council for Minorities in Engi-
neering (NACME) is to provide leadership and support for a national ef-
fort to increase the representation of African American, American Indian,
and Latino women and men in engineering and technology and math-
ematics- and science-based careers. NACME is the nation’s largest source
of private-sector scholarships for minorities in engineering. Approxi-
mately 75 students annually are awarded full tuition and housing to at-
tend one of nine institutions that participate in the NACME Engineering
Vanguard Program. More than 15 percent of all minority graduates in
engineering since 1974 received NACME scholarships (SWE, 2004).

Currently enrolled, full-time engineering students can also apply to
participate in the NACME Corporate Internship Program, attend leader-
ship-development seminars, and are mentored by corporate profession-
als. NACME also provides diversity interventions to schools, government
agencies, organizations, and corporations. These include cultural audits,
awareness seminars, and mentor training. For K-12 teachers, NACME
offers professional development with training in use of the WorldCom
MarcoPolo Internet Content for the Classroom, which provides standards-
based materials in mathematics, science, and other subjects. NACME
works with university admissions personnel and program directors to
help them assess student potentials and trains them to use the assessment
protocol developed in its Engineering Vanguard Program.

NACME hosts two Web sites—www.guidemenacme.org and www.
mathispower.org—designed for precollege students, parents, and educa-
tors. GuideMe offers information on a variety of scholarship opportuni-
ties; pointers on preparing for and applying to engineering schools; and
guidelines for selecting schools that meet student needs. The Math Is Power
Web site features interactive games and puzzles, links to national Web-
based resources, and a registry of local events.

The annual NACME Forum attracts public- and private-sector lead-
ers from more than 200 organizations to discuss issues that effect minority
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achievement in engineering, share best practices, and develop strategies
for recruiting and retaining minorities in engineering and technology.

Georgia Institute of Technology College of Engineering

Georgia Tech ranks first in the country in the number of engineering
degrees it awards to women and underrepresented minorities. To attain
that status, the Regents” Engineering Transfer Program was created to
address the engineering needs of Georgia; to expand access to engineer-
ing education; and to do these two things in the context of the University
System of Georgia. The program addresses the needs of many students: a
desire to attend college close to home; a need to reduce the costs of educa-
tion; and smaller classes, individual attention, and greater access to fac-
ulty members, typically offered by community colleges, to increase the
chances of academic success. Georgia Tech’s program is discussed in
greater detail in Chapter 2 of the report.

Emerson Electric Company Minority Engineering Scholarship

This program, funded by Emerson Electric Company, provides op-
portunities for aspiring engineers to earn engineering degrees through
St. Louis Community College and the University of Missouri at Rolla.
Founded in St. Louis in 1890, Emerson is a global manufacturer of a vari-
ety of electrical and electronic products and systems for commercial, in-
dustrial, and consumer markets. The company has more than 100,000
employees at more than 300 manufacturing facilities worldwide.

The scholarship program makes it possible for participating students
who keep their grades up to earn degrees in mechanical, electrical, or com-
puter engineering from prestigious engineering schools—with nearly all
expenses paid. Participating students follow a specific pre-engineering
curriculum at one of the three campuses of St. Louis Community College
and then transfer to the University of Missouri at Rolla to complete their
engineering degrees. The Emerson scholarships—eight are awarded an-
nually—cover the cost of tuition and fees for as many as six consecutive
semesters at any of the community college campuses. The scholarship,
which is awarded and reviewed on a semester-to-semester basis, contin-
ues when students transfer to the University of Missouri at Rolla.

CONCLUSION

Diversity among engineering students is an important goal, both for
the U.S. S&E business community and for the higher education commu-
nity. Equality of opportunity is a moral imperative in America, which is
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backed up by substantial legislation (e.g., the Civil Rights Act for minori-
ties and Title IX for women). In addition, diversity has been shown to
enhance education for all students (ACE and AAUP, 2000), and a diverse
student body will lead to a more diverse workforce. Women and under-
represented minorities represent an untapped potential for the U.S. S&E
workforce. Successful women and minority engineers in the workforce
and on engineering faculties will also provide role models, thus reinforc-
ing the confidence of others to follow in their footsteps.

Although some community colleges have very diverse student bod-
ies, for geographic or other reasons, very few underrepresented minority
students actually obtain engineering degrees. And four-year universities,
although they are generally interested in increasing the diversity of their
student populations, do not reach out enough to community colleges, by
providing advisors, academic support, scholarships, student networking,
and so on, to establish an effective mechanism for transfer.

The committee reviewed materials and heard expert testimony on the
effectiveness of minority bridge programs in moving underrepresented
minorities into engineering programs, as well as preparing them for the
transition from high school to college (both two- and four-year programs)
and from two-year to four-year programs. Some of these bridge programs
begin working with students in middle, or even elementary, schools, and
some focus primarily on easing the transition between community college
engineering science or technology programs and four-year programs for
all students. The MESA program, described in detail in Chapter 2 of the
report was identified by the committee as an exemplary bridge program.

Conclusion 5-1 Lessons learned from programs designed for under-
represented groups in engineering could be applied to engineering stu-
dents generally. This will require more research to identify the compo-
nents of successful outreach/bridge programs that could be scaled to a
larger engineering student population.

Conclusion 5-2 Four-year programs could be more proactive in develop-
ing bridge strategies with community college partners and collaborating
in outreach to K-12 teachers and students. Four-year engineering pro-
grams could identify community colleges with large numbers of under-
represented minority students and establish relationships with these
schools through faculty exchanges, invitations to students to visit their
campus, speakers from their school, scholarships earmarked for transfer
students, and other mechanisms that demonstrate their interest in attract-
ing minority students to engineering careers.
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Conclusion 5-3 Organizations in the engineering educational and pro-
fessional communities could work together to increase awareness of the
need for diversity in the engineering workforce and educate state and
federal legislators. State and federal funding for community college stu-
dents and incentives for four-year engineering institutions to reach out to
community colleges and their students could help increase the number of
underrepresented minorities in engineering.

Conclusion 5-4 Research could focus on identifying factors that are asso-
ciated with the successful recruitment and retention of underrepresented
minorities and women in science and engineering programs in two-year
and four-year institutions and on assessing the success rate of the transfer
mission for these students.
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Data Collection

e know that 20 percent of engineers began their academic ca-
Wreers with at least 10 credits from a community college and

that 40 percent of the recipients of engineering bachelor’s and
master’s degrees in 1999 and 2000 attended a community college. How-
ever, there are a great many things about the community college pathway
to engineering degrees and careers we do not know. A first step is simply
to locate lower division engineering programs at community colleges—
programs which may not be listed by a standard name. The committee’s
perception—echoed by the workshop participants—is that there are im-
portant gaps in the data, mostly in reference to students. For example, did
students earn their credits from community colleges during their senior
year of high school, during the summer before they entered four-year en-
gineering programs, or as students in engineering science who left before
obtaining A.S. degrees? This question and a number of others may not be
answerable with existing data. What percentage of those who hold engi-
neering degrees transferred to four-year engineering programs (1) with
A.S.degrees and (2) without A.S.degrees? What percentage of students
who transferred to four-year engineering programs went on to earn un-
dergraduate or graduate degrees in engineering?

Answers to these questions would provide valuable information on
the retention of transfer students in four-year programs and on the value
of completing A.S. degrees prior to transfer. Policies and programs would
be designed differently, depending on the answers to these questions.

The lack of information (especially longitudinal and comparative in-
formation that can be disaggregated by gender, race/ethnicity, and other
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background variables) on the successes and failures of students who be-
gin their engineering educations in two-year and four-year programs pre-
sents serious problems for an analysis of the transfer function of commu-
nity colleges. Most often, community colleges lose sight of students once
they transfer to four-year institutions, precisely when they should begin
tracking the educational and career trajectories of their students. Compil-
ing and publicizing data on transfer students’ success in obtaining B.S. or
advanced engineering degrees would demonstrate the effectiveness of
engineering studies in community colleges nationally and improve their
recruitment rates or point to the need to strengthen community college
programs.

Less specific factors (e.g., economic, geographic, political, and social
factors) also influence the effectiveness of attempts to improve the recruit-
ment, retention, transfer, persistence to degrees (A.S., B.S., and advanced
degrees), and the diversity of students on the community college path-
way to engineering careers. Compiling and analyzing data on these fac-
tors, which are sometimes crucial to decisions, require more financial and
personnel resources than smaller schools can afford.

KEY CHALLENGE

Some useful information is being collected. For example, primary data
are collected by the National Center for Education Statistics at the U.S.
Department of Education, National Science Foundation, and American
Association of Engineering Societies Engineering Workforce Commission,
which collects data on student enrollments and degrees. All of these data
are necessary for policy makers and institutions to facilitate and evaluate
the transfer process. However, the comparability and periodicity of data
have yet to be determined. In fact, we do not know how many community
colleges offer engineering sciences programs! The key challenge is to col-
lect information disaggregated by institution and student characteristics,
that is, longitudinal information. The Department of Education’s data are
noteworthy examples of useful longitudinal data.

EXEMPLARY APPROACHES

Among the workshop participants who reported that their institu-
tions do compile data on their students, four-year educational institutions
were more likely than community colleges to undertake elaborate data
collection and analyses and to gather quantitative as well as qualita-
tive data.
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University of California, Davis

A considerable amount of data on transfer students is collected at
UCD, where a student information system integrates information associ-
ated with a student’s admissions application, transfer coursework, and
UCD academic record. The Student Affairs Research and Information Unit
frequently surveys students regarding their experiences during orienta-
tion, advising, retention, and extracurricular activities. The research unit
also conducts surveys at intervals of 1, 10, 20, and 30 years after gradua-
tion. Alumni survey data are then linked to student data.

The workshop representative from UCD reported that much of the
data has not been analyzed, especially with respect to community college
transfer students, although the university hopes to do so when resources
become available. One study of the persistence of community college
transfer students showed that 89 percent of engineering transfer students
completed a bachelor’s degree at UCD. Students who transfer and stu-
dents entering as freshmen have virtually the same graduation rate.

Tidewater Community College/Old Dominion University/
Virginia Polytechnic Institute and State University

Community colleges usually do not collect data on their students, and
when they do, it is more limited in scope than student data collected by
four-year institutions and qualitative rather than quantitative in nature.
The Tidewater Community College Office of Institutional Research col-
lects information primarily from voluntary postgraduation surveys. The
surveys included questions about the college to which the student trans-
ferred, satisfaction with the preparation for transfer, and satisfaction with
the program and instructors at TCC. Information from these surveys is
typically available upon request.

Virginia Polytechnic Institute and State University share data on
transfer students at articulation conferences, including (1) the overall ac-
ceptance rate for transfer students and TCC students and (2) grades
(anonymously) for TCC transfer students.

West Kentucky Community and Technical College

In 1999, West Kentucky Community (WKC) and Technical College
implemented a student survey to evaluate its programs and prepare for
ABET accreditation. The surveys include questions about student back-
grounds (e.g., age, family educational attainment, access to computers at
home); commuting requirements; degree objectives; scheduling needs/
preferences, reasons for choosing a collaborative program; and whether
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they plan to continue complete an A.S. degree at WKC and/or transfer to
a four-year engineering program. The response rate for these annual sur-
veys has been 2040 percent, and the results have been used in the ABET
self-study. Recent surveys have also been conducted by the mathematics
department to determine the effectiveness of the calculus series. WKC
also collects information on students’ evaluations of their community col-
lege experience during advising sessions when students discuss course
selections and career goals. Responses are not quantified, but certain inci-
dents are documented for internal purposes.

CONCLUSION

Workshop participants whose institutions do not collect data on stu-
dent outcomes cited cost as a barrier. Even schools that do collect data on
students cited the cost of analyzing these data as a barrier to using them to
evaluate the effectiveness of programs. Systematic data collection pro-
grams are needed to determine educational and career outcomes for
students who begin and complete their educations in community colleges
and for students transferring from community colleges to four-year
programs.

A recent discussion, convened by the National Governors Associa-
tion—an initiative that was created in hopes of influencing the impending
reauthorization of the Higher Education Act and other major educational
laws—explored ways to track students through elementary, secondary,
and higher education, which would provide better data on dropout rates
and other weaknesses in American education (Chronicle of Higher Edu-
cation, 2005; Cunningham and Milan, 2005). Other information that pan-
elists suggested would be useful were data on students receiving student
aid, the number who need remedial work when they enter college, the
number who enter college, especially part-time students who may not
enroll directly after high school. The discussion explored ways to improve
those stages of education by “aligning” the federal laws that govern them,
an initiative the association announced in February, 2005.

The initiative has been opposed by groups citing privacy concerns. To
address this issue, the state of Delaware uses randomly assigned numbers
to track K-12 students’ dropout rates. Delaware is working to extend the
use of those numbers to track the progress of students who attend public
and private colleges in the state.

Conclusion 6-1 A comprehensive, systematic strategy for data collection
on educational and career outcomes for community college and transfer
students would require leadership in the engineering profession and from
funding agencies to define the most relevant data items, to encourage col-
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laboration between two- and four-year educational institutions, to pro-
vide for privacy of students, and to develop vehicles for dissemination.

Conclusion 6-2 A meeting of data-collecting agencies (e.g., National Cen-
ter for Education Statistics, National Science Foundation Division of Sci-
ence Resources Statistics, American Association of Community Colleges,
and American Society for Engineering Education) would be an ideal fo-
rum for developing criteria for collecting data from different kinds of in-
stitutions.
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hanced by improving the enabling mechanisms related to articula

tion and transfer. Statewide and institution-to-institution articula-
tion agreements must be more transparent to students and their parents,
and they must be more encompassing to address the many exigencies
community college students experience. Articulation agreements should
reflect the differences in resources available to two- and four-year educa-
tional institutions and provide flexibility for students and transfer part-
ners, such as resistance to shocks (e.g., changes in course numbering and
content). These enhancements will only be made when communication
and collaboration improves between two- and four-year educational
institutions; four-year colleges and universities are in the best position to
initiate more interactive relationships with their community college
partners.

The retention rate and persistence to the B.S. degree of transfer stu-
dents is likely to improve only when two- and four-year institutions have
established partnerships that are driven by mutual interest and invest-
ment, as opposed to the personal interest and commitment of individual
faculty members or administrators. For this to happen, two- and four-
year educational institutions will need to see themselves as stakeholders
in students” outcomes such as recruitment, retention, and persistence to
the B.S. degree.

A more comprehensive discussion in the engineering community on
the question of standardization versus flexibility in the A.S. and four-year
lower-division curricula and on measuring student learning outcomes

I I 1he community college pathway to engineering careers can be en-
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would be beneficial. If these issues can be resolved, students are likely to
have a higher comfort level about their chances of transferring success-
fully and more confidence in quality assurances.

The general public, as well as many community college students and
their parents, are not aware of the community college transfer mission.
Students who do not realize they can obtain a four-year engineering de-
gree through the community college pathway tend to set their sights too
low. In addition, a lack of understanding of what engineers do, or worse,
a negative image of engineers and the engineering profession, also con-
tribute to students” decisions to end their secondary education with a cer-
tificate or A.S. degree or to elect another major if they plan to transfer to a
four-year institution. Engineering professional societies and other key
stakeholders must work together to generate positive, compelling mes-
sages about the opportunities for engineers to improve the quality of life
and sustainability, domestically and globally.

To increase public awareness of the community college mission, state
and national policy makers must address the issue of community college
capacity. In California, for example, students were reported being turned
away from community colleges due to lack of capacity. Increasing capac-
ity will require increased funding for community colleges, as well as for
community college and transfer students.

Accessible, reliable data about student and institutional outcomes
would make it possible to prioritize and address many of the problems
outlined in this report. Currently, however, not enough data are available
on community college student educational pathways, and institutions rep-
resented at the workshop reported that they do not have the funds to
collect and analyze data on students. As community colleges become more
important in higher education in the United States, data will be necessary
to evaluate both student and institutional outcomes and to answer the
questions raised in this report and elsewhere about the relationship be-
tween articulation agreements and recruitment, retention, and persistence
to the B.S. degree of community college transfer students.

The majority of workshop participants reported that community col-
lege transfer students perform as well academically and have comparable
retention rates to those of students who began as freshmen in four-year
engineering programs. However, there is little systematic data to support
this claim. Many workshop participants from four-year programs noted
that community college students’ performance often falters temporarily
following transfer, but improves as students regain their confidence and
become acclimated to their new environments. Information on the effec-
tiveness of programs/approaches to reducing the culture shock would be
helpful.
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Fortunately, many institutions are already working to create or
strengthen some of the enabling mechanisms noted above. Greater pub-
licity of their efforts and more research into approaches that smooth the
transfer experience for community college students would be beneficial.

ISSUES FOR FURTHER RESEARCH

During the committee’s information-gathering activities for this re-
port, a number of unresolved issues came to light that could be addressed
through further research

* identification of ways to improve the clarity, transparency, and
accessibility to documentation in two-year/four-year institutional part-
nerships

¢ identification of ways of institutionalizing transfer partnerships
and improving communication between transfer partners

* identification of competencies/learning outcomes (rather than
course lists or credits)—for community college students and other stu-
dents—required for upper-division engineering courses

¢ the success rate of transfers before and after completion of the
A.S. degree

® documentation of performance outcomes related to recruitment,
transfer, retention, and persistence to degrees in undergraduate engineer-
ing education

¢ determination of who should collect data relevant to transfers

® the impact of financial aid on enrollment, retention, and comple-
tion in community college engineering science programs

¢ assessment of different approaches to K-12 outreach programs

* the best ways to publicize the transfer mission of community
colleges

® assessment of curricular content and pedagogy in mathematics

* synchronization of engineering science coursework and lower-
division coursework in four-year B.S. programs to facilitate smoother
transfers

* assessments of distance learning, especially for community col-
lege students, including a detailed survey of engineering courses avail-
able on line, data on quality (e.g., student outcomes), and comparative
costs of distance education and traditional classroom teaching

® costs and benefits of recruiting industry experts to teach at com-
munity colleges

* the feasibility and desirability of standardized accreditation of
community college programs
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¢ data on the recruitment and retention of underrepresented mi-
nority students and women in science and engineering programs in two-
year and four-year institutions

® success rate of women and underrepresented minority students
who transfer from two-year to four-year programs

RESEARCH QUESTIONS

A surprising number of engineering graduates begin their studies in
community colleges. However, large numbers do not necessarily trans-
late into effectiveness. Based on expert testimony and workshop discus-
sions, several broad, overarching questions on this topic arose:

¢ What is the attrition rate of students who begin their engineering
studies at community colleges (including those who fail to transfer and
those who fail to receive a baccalaureate degree)?

¢ How many community college graduates later attend four-year
degree granting educational institutions? How many are admitted to Re-
search I Institutions?

e How many obtain graduate degrees?

*  What career paths do students with A.S. degrees follow?

* Do engineering students who begin at community colleges per-
form as well, better than, or not as well as other students? What factors
influence their success rate?

Transfers

Different types of transfer partnerships have been developed for dif-
ferent reasons and from different starting points. Additional research
would be helpful to identify the underlying characteristics of successful
partnerships. The committee identified the following critical areas for fur-
ther research:

1. Do engineering students who begin at community colleges per-
form as well, better than, or not as well as other students?

2. What factors influence their success rate?

3. Minimum GPA requirements for transfer students vary among
four-year institutions. Are community college transfer students held to a
higher standard than students who begin in four-year engineering
programs?

4. What is an appropriate minimum GPA for transfer students?
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Recruitment and Retention

1. To what extent are stakeholders (e.g., the public, industry) aware
that an engineering degree can be pursued starting at the community col-
lege level? Are there regional variations in awareness and, if so, what
strategies are effective in raising public awareness?

2. How can community colleges and four-year institutions attract
more high school students to engineering?

3. What factors in the culture, student services, and learning envi-
ronments of community colleges correlate with the successful completion
of coursework and transfer to four-year engineering programs?

4. What factors in the culture, student services, and learning envi-
ronment of four-year engineering programs correlate with the retention
of transfer students through completion of the B.S. degree?

5. What can community colleges and four-year engineering pro-
grams learn from bridge programs? Can exemplary bridge programs be
scaled up to improve recruitment and retention outcomes for both two-
and four-year institutions?

6. What is the impact of financial aid on recruitment, retention, and
transfer of community college students and on their retention to the B.S.
and more advanced degrees?

Curricular Content, Quality, and Standards

1.  What competencies should students have after two years in engi-
neering science programs?

2. Should there be a common lower division curriculum, or should
the curriculum be tailored to specific fields of engineering?

3. How can mathematics teaching be focused on engineering appli-
cations?

4. How can community colleges enlist industry engineers to share
their skills and knowledge?

5. Can distance learning fill gaps in engineering science coursework
at two-year programs?

6. What evidence is there that community college engineering sci-
ence students learn effectively via online courses?

7. What impact would replacing in-person courses with online
courses have on the engineering science infrastructure at community
colleges?

8. Would online courses result in a decline in engineering science
faculty? If so, how would this affect K-12 outreach activities, academic
advisement, student clubs, and mentoring programs?
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Diversity

1. Why is diversity among students and faculty important?

2. Isitnecessary that students have same-race and same-gender role
models?

3. What features of the academic environment are associated with
recruitment and retention of women and minorities to engineering sci-
ence and engineering programs?

Data Collection

1. What data would be useful for improving engineering pathways
(e.g., data disaggregated by race/ethnicity or gender on transfer and
completion rates)?

2. Who should collect important data?

3. How should data collection, especially by community colleges,
be funded?

Although this study examines partnerships between community colleges
and four-year engineering programs, the primary focus is on the needs of
community colleges and their students related to articulation agreements
and transfer processes. Further research is needed to better understand
the perspectives of four-year educational institutions. Another direction
for further research would be an in-depth examination of the experiences
of a cohort of students entering and progressing through the community
college pathway to an engineering career, using both quantitative and
qualitative data collection methods.
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Committee on Enhancing the
Community College Pathway to
Engineering Careers

April 1, 2004
Agenda
OPEN SESSION
8:30 Continental Breakfast (available in the committee room)
9:00 Welcome and Introductions, James M. Rosser
9:15 Comments on Charge from National Science Foundation
Panel:

Elizabeth Teles, Program Director, Education and Human
Resources, NSF

Bruce Kramer, Division Director, Engineering Directorate,
NSF

9:45 National and State Perspectives on the Community College
Transfer Mission

Panel:

Warren Baker, President, California Polytechnic State Uni-
versity, San Luis Obispo

William Beston, Adjunct Professor of Physics, Texas A&M
University-Corpus Christi

11:00 Break
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12:15 p.m.
1:00
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Curricular Reform and Diversity Issues

Panel:

Ilene Busch-Vishniac, Professor, Department of Mechanical
Engineering, Johns Hopkins University

Margaret (Peggie) Weeks, Program Officer, ABET

Lunch

Successful Community College-Engineering Educational In-
stitution Partnerships

Panel:

Don Day, Professor of Engineering, Montgomery College,
Rockville, Maryland

Aaron Wenger, Professor Emeritus, Itasca Community Col-
lege

CLOSED SESSION

2:00

3:15

4:00

Committee Discussion

Deliberation of Panel Presentations

Discussion of Key Research Questions for July Workshop
and Phase I Report

Committee’s Next Steps
Review of Work Plan
Process for Selection of Participants for July Workshop

Adjourn
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Workshop on Key Issues and
Exemplary Practices in
Community College Engineering
Science Programs and Transfer

July 7-8, 2004

Agenda
Wednesday, July 7
8:30 Continental Breakfast
9:00 Welcome and Overview of the Workshop: The Importance

of Enhancing the Community College Pathway to

Engineering Careers

James M. Rosser, President, California State University,
Los Angeles, and Chair of the Committee on Enhancing
the Community College Pathway to Engineering
Careers

John Slaughter, President and CEO, NACME

William Wulf, President, National Academy of
Engineering

9:30 Charge to the Study Committee and Purpose of Workshop:
Perspectives of the National Science Foundation, Project
Sponsor
Bruce Kramer, Division Director, Division of Engineering
Education and Centers

9:45 Keynote Address: Opportunities and Challenges in
Improving the Community College Transfer Mission
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Lucy Casale, Director of Community College Programs,
Mathematics Engineering Science Achievement
Program (MESA)

Sandy K. Brooks, Program Manager, Hewlett-Packard
Philanthropy and Education

10:30 Break

10:45 Articulation, Transfer, and Curriculum: Perspectives of

Two- and Four-Year Institutions

Moderator: Richard Culver, Committee Member

Presentations by:

— Itasca Community College and University of North
Dakota

— Hudson Valley Community College and RPI

— Jones County Jr. College and Mississippi State
University

— Montgomery College and University of Maryland

— Tidewater Community College and Old Dominion
University

11:45 Break-out Sessions
12:30 p.m.  Lunch (and Poster Sessions)

1:30 Key Issues in Enhancing the Community College Pathway

Moderator: James Rosser, Committee Chair

Susan Hackwood, Professor of Electrical Engineering,
University of California-Riverside, and Executive
Director, California Council on Science and Technology

Frank Hart, Dean, Educational Institution of Engineering
and Computer Science, Bluefield State College, West
Virginia

Jane Weyant, Assistant Dean, College of Engineering,
Georgia Institute of Technology

2:30 Break-out Sessions
3:15 Break (and Poster Sessions)
3:45 Recruitment, Retention, Financial Aid and Diversity:

Perspectives of Two- and Four-Year Institutions

Moderator: Aaron Wenger, Committee Member

Presentations by:

— Lenoir Community College and North Carolina State
University
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— Northern Essex Community College and Merrimack
College

— Pima Community College and University of Arizona

— Prince Georges Community College and Howard
University

— Three Rivers Community College and University of
Massachusetts-Lowell

4:45 Break-out Sessions

5:30 Reception (and Poster Sessions)

Thursday, July 8

8:30 Continental Breakfast

9:00 Community College Transfer and Higher Education
Clifford Adelman, Senior Research Analyst, Department of

Education
9:45 Standards and Quality: Perspectives of Two- and Four-

Year Educational Institutions

Moderator: Peggie Weeks, Committee Member

Presentations by:

— Los Rios Community College and University of
California-Davis

- Monroe Community College and Rochester Institute of
Technology

— San Antonio College and University of Texas

— Highline Community College and Seattle University

10:45 Break
11:00 Break-out Sessions
11:30 Report Out to Plenary Session

12:15p. m.  Closing Remarks
James M. Rosser, Committee Chair

12:30 Adjourn
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Workshop on Key Issues and
Exemplary Practices in
Community College Engineering
Science Programs and Transfer

July 7-8, 2004

Attendees
Jack Adamst Margaret Andersont
Chair, Department of Electrical Assistant Dean
and Computer Engineering Rochester Institute of Technology
Merrimack College
Sherry Anderson
Clifford Adelman* Dean of Academic Affairs
Senior Research Analyst West Kentucky Community and
Institute of Education Sciences Technical College

U.S. Department of Education
J. Lyle Bagleyt

Ashok Agrawal* Dean of Engineering and
Vice Chair, ASEE Two Year Industrial Technology
College Division Tidewater Community College
St. Louis Community College
John Bailey?t
Associate Professor, Engineering
Coordinator
Prince George’s Community
* = Steering Committee Member College
* = Project Liaison
* = Speaker
t = Presenter
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Oktay Baysalt

Dean, Frank Batten College of
Engineering and Technology

Old Dominion University

Bill Beston®

Adjunct Professor of Physics

Texas A&M University-Corpus
Christi

Mary Bolewaref
Physics Instructor
Jones County Junior College

Sandy K. Brooks*

HP Scholar Program Manager

Hewlett-Packard Philanthropy
and Education

Lucy Casale'

Director of Community College
Programs

Mathematics Engineering Science
Achievement Program

Edward V. Clancy

Professor, Engineering Technology

California State Polytechnic
University, Pomona

Bob Cornwellt

Associate Professor of Mechanical
Engineering

Seattle University

* = Steering Committee Member
* = Project Liaison

* = Speaker

f = Presenter

APPENDIX D
Richard Culver*
Bartle Professor in Mechanical
Engineering

Binghamton University
State University of New York

Donald K. Day#

Department of Physics and
Engineering

Montgomery College

Martie De La Paz

Director of New and Transitioning
Students

College of Engineering

Texas A&M University-Kingsville

Connie Della-Piana

Evaluation Consultant

Division of Undergraduate
Education

National Science Foundation

Dan Dimitriu*f
Engineering Program Coordinator
San Antonio College

Stephen W. Director (Chair,
Committee on Engineering
Education)*

Robert J. Vlasic Dean of
Engineering

Robert H. Lurie Engineering
Center

University of Michigan

Elizabeth M. Dorland

Program Director

Division of Undergraduate
Education

National Science Foundation
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David Finley

Dean, Allen Educational
Institution of Engineering and
Technology

Tri-State University

Gary Ford?#

Associate Dean for Undergraduate
Studies

University of California, Davis

Bill Fortney
Director of Industrial Programs
Lenoir Community College

Terrence L. Freeman

Professor and Engineering Science
Coordinator

St. Louis Community College

F. E. Gerlitz

Professor, Faculty
(INCOMPLETE?)

Washtenaw Community College

Paul Gordy

Associate Professor and
Engineering Program Head

Tidewater Community College

Tim Grebner
Engineering Instructor
Century College

* = Steering Committee Member
* = Project Liaison

* = Speaker

f = Presenter

89

Robert A. Greent

Undergraduate Coordinator

James Worth Bagley College of
Engineering

Mississippi State University

Susan Hackwood?

Executive Director, California
Council on Science and
Technology, and Professor of
Electrical Engineering

University of California, Riverside

E. Frank Hart!

Dean, Educational institution of
Engineering Technology and
Computer Science

Bluefield State College

Cheryl Hayden
Counselor
Glen Oaks Community College

Peter J. Hudleston

Associate Dean

IT Student Affairs

University of Minnesota Twin
Cities

Jeffrey P. Jarosz
Baltimore, Md.

Muhammad Kehnemouyit
Professor and Chair
Montgomery College

Richard Keltiet

Associate Dean for Academic
Affairs

North Carolina State University

College of Engineering
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Bruce Kramer®

Director

Division of Engineering Education
and Centers

National Science Foundation

Jack R. Lohmann*

Associate Provost for Institutional
Development

Georgia Institute of Technology

Kenneth Manningt

Department Chair, Mathematics
and Engineering

Hudson Valley Community
College

William Murphy

Director and Professor of
Mechanical Engineering

University of Kentucky Extended
Campus

Greg Ogdent
Faculty, ATE Project Director
Pima Community College

Barbara Olds

Director, Division of Research,
Evaluation and Communication

National Science Foundation

Zorica Pantic-Tanner}

Dean, College of Engineering

The University of Texas at San
Antonio

* = Steering Committee Member
* = Project Liaison

* = Speaker

f = Presenter

APPENDIX D

George Randy Parker?

Vice President for Instruction and
Student Services

Lenoir Community College

Laura B. Parr
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Del Mar College

Mike Pelletiert

Chair, Computer Technology and
Engineering Department

Northern Essex Community
College

Ken Rennels

Associate Dean for Undergraduate
Education

Indiana University-Purdue
University, Indianapolis

Ron Rockland

Associate Dean, Newark College
of Engineering, and Associate
Professor, Engineering
Technology/Biomedical
Engineering

New Jersey Institute of
Technology

James M. Rosser (Chair)*

President

California State University, Los
Angeles

Debbie Schatz

Assistant Director, Transfer
Programs

University of Missouri at Rolla
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Three Rivers Community College
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President and CEO
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Rebecca Sligert
Highline Community College

Richard Tapia (Chair, Board on
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Noah Harding Professor

Rice University

Elizabeth J. Teles

Program Director

Advanced Technological
Education

Division of Undergraduate
Education

National Science Foundation
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College of Engineering,
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Ron Ulsetht
Instructor of Engineering
Itasca Community College

John Wadach?

Professor, Engineering Science and
Physics

Monroe Community College

Jack Waintraub

Professor and Chairman
EET Department
Middlesex County College

John Watson?

Dean, Educational institution of
Engineering and Mines

University of North Dakota

Margaret Weeks*
Program Officer
ABET

Hofstra University

Aaron Wenger*
Professor Emeritus
Itasca Community College
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Studies

College of Engineering
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Transfer Data

I I 1he following data on transfer students has been collected
(Kozeracki, 2001):

e gender, race, age, socioeconomic status, major or program, and
full- or part-time status (often cross-tabulated with other findings

¢ student goals and aspirations

* impact of completing general education requirements or having
to take developmental courses

e effects of special programs, such as honors programs, and choice
of major on achievement

* grades (at the two-year and four-year institution)

* number of credits attempted and received

e withdrawal, persistence, graduation, and transfer rates

* time to degree

NATIONAL DATA

These data are available on three levels: national, state, and institu-
tional.! In addition, some researchers have conducted one-time studies on
particular questions, using primary research collection, such as student
surveys. At the national level, sources of information include the National

1A review of data on transfer students (including an extensive reference section) can be
found in Kozeracki (2001).

93
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Science Foundation (NSF), U.S. Department of Education National Center
for Education Statistics (NCES), and Transfer Assembly Project.

For the purposes of this study, NSF data on transfers are especially
relevant because they focus on science and engineering. Information from
graduate students regarding their experiences in community colleges is
collected in the NSF National Survey of Recent College Graduates
(NSRCG). “The survey questionnaire asks graduates who have received
bachelor’s or master’s degrees in science or engineering fields whether
they have ever attended a community college. The data collected do not
distinguish between graduates who attended community college by tak-
ing one course and those who were enrolled full time (Tsapogas, 2004).”
Because the survey also includes demographic questions, the findings can
be disaggregated by marital status, race/ethnicity, age, and parents” edu-
cation. In addition, some graduates were asked to give their reasons for
attending community colleges. “Many S&E [science and engineering]
graduates used community colleges for reasons other than to earn an
associate’s degree. In the 1999 survey cycle, 1997 and 1998 S&E graduates
were asked why they decided to attend a community college. This ques-
tion was not asked in the 2001 survey cycle” (Tsapogas, 2004).

Other sources of national-level data sources are useful for putting
transfers to context but do not focus directly on engineering. NCES, for
example, conducts a variety of surveys, including multiple surveys on
postsecondary education, the most relevant of which is the Beginning
Postsecondary Students (BPS) Longitudinal Study. Other surveys that in-
clude questions about attendance at community colleges are the Bacca-
laureate and Beyond Survey; National Postsecondary Student Aid Study
(NPSAS), which focuses on financing a college education; National Lon-
gitudinal Study of the High School Class of 1972 (NLS-72); High School
and Beyond (HS&B); and the National Education Longitudinal Study of
1988 (NELS:88). Analyses of these datasets for insights into the role of
community colleges revealed the findings described below.

BPS includes several questions specifically about transfers. Accord-
ing to the NCES Web site (2004):

[BPS] is designed specifically to collect data related to persistence in and
completion of postsecondary education programs; relationships between
work and education efforts; and the effect of postsecondary education on
the lives of individuals. The current BPS Longitudinal Study is made up
of people who first entered postsecondary education in the 1995-1996
academic year. These students were part of the National Postsecondary
Student Aid Study (NPSAS). NPSAS includes everyone in postsecondary
education, regardless of age or level of postsecondary enrollment. For
BPS, students included in NPSAS who had just started their postsec-
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ondary education were interviewed two additional times throughout
their education and into the work force. The last interview took place in
2001 (NCES, 2004).

A final national data source on transfer students is the Transfer As-
sembly Project at the University of California, Los Angeles (UCLA) Com-
munity College Studies Program (2004).

[The project] is the longest standing study focusing on statewide mea-
sures of transfers from community college to baccalaureate. Since 1989
the project has collected data on transfer rates using the following mea-
sure: The transfer rate is the percentage of all first-time community col-
lege students who complete at least 12 units at that college and who take
at least one class at a public in-state university within four years of leav-
ing the community college. Data are collected from individual institu-
tions in a state, sometimes through the statewide agency, and are aggre-
gated into a statewide rate, which is subsequently reaggregated into a
national transfer rate. Because of confidentiality agreements, data are not
published for individual institutions or for the states. Analysis of the
changes in the rates, however, indicates that there are larger disparities
in transfer rates between institutions in states than there are between
states.

The Transfer Assembly Project assesses the transfer rate for students
who enter two-year colleges with no prior college experience and com-
plete at least 12 college credits in four years. This group is then compared
to students who subsequently take one or more classes at a public in-state
university in the next four years.

STATEWIDE DATA

At the state level, a number of entities, such as state higher education
offices, collect data on student enrollments, including transfers, for insti-
tutions in the state (Welsh, 2002; Welsh and Kjorlien, 2001). Although
many states collect some data, they have been slow to develop student-
tracking databases. In addition, there are substantial differences among
states in terms of the periodicity of collection and the scope of the surveys.
Moreover, some of the data are not available on the web. A search of data
that are available online suggested that much of the data cannot be disag-
gregated by gender, race and ethnicity, or field. Most important, research
suggests that state higher education agencies do very little with the data
they do collect (Welsh, 2002).

Some examples follow to illustrate the types of data collected by states.
The California Postsecondary Education Commission collects data on full-
year transfer information regarding the flow of community college stu-
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dents to four-year colleges and universities for the academic years be-
tween 1989-1990 and 2003-2004 (CPEC, 2004).

The state of Oregon has collected information since the 1995-1996 aca-
demic year on the number of students enrolled for credit at an Oregon
community college one year and then at an Oregon university-system in-
stitution the next. Enrollment data are disaggregated by gender and race/
ethnicity. Data are also collected on university majors declared by Oregon
community college associate-degree-holders enrolled at Oregon univer-
sity-system institutions the year after community college graduation;
these data are aggregated by the community college degree and by uni-
versity discipline. In addition, data are collected on the academic perfor-
mance of undergraduate students—measured in grade point average
(GPA)—enrolled at a community college in one year and at an Oregon
university-system institution the next; the GPAs are compared to the
GPAs of all students (Oregon University System, 2002).

INSTITUTION-SPECIFIC DATA

Individual institutions, both community colleges and four-year insti-
tutions, also collect transfer data. For example, Clark College, a two-year
institution in Vancouver, Washington, released a transfer study in July
2002 based on a survey of 881 students who indicated on the registration
form that they “intended to transfer” (Clark College, 2002). Students were
grouped into three categories: (1) those who had just received associate’s
degrees; (2) those who had received associate’s degrees and were still at-
tending Clark; (3) and those who were no longer enrolled but were con-
sidered ready for transfer. The survey response rate was 66 percent (578
students). Of the 578 respondents, 411 (71 percent) transferred to four-
year institutions (18 percent planned to transfer, 7 percent were not cer-
tain, and 4 percent would not transfer). About half of the students trans-
ferred to Washington State University. Engineering was the fourth-most
common major among transfer students from Clark College.

SCOPE OF AVAILABLE DATA

Number of Students in Engineering Sciences and Engineering

We might address the question of how many students are in engi-
neering sciences or engineering programs by looking at enrollment or the
intention to major. Every year, the Higher Education Research Institute
(HERI) conducts a survey of freshmen that includes a question regarding
their intended majors. Of the freshmen who intend to major in S&E, the
percentage that select engineering has been fairly stable, with a high of
36.3 percent in 1980 and a low of 25.8 percent in 1995; the average is about
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31 percent. In 2002, the percentage of male freshmen intending to major in
engineering was 44 percent of those intending to major in S&E. For
women, the percentage was 11.5, down from the percentage of women in
the 1980s and early 1990s. (More men selected engineering among the
S&E fields; women tended to select biological or agricultural sciences or
social or behavioral sciences over engineering, although engineering beat
out the remaining sciences.) By ethnicity, the data suggest that the per-
centage of white freshmen who select engineering is relatively stable, be-
tween 8 and 10 percent. Asian Americans were more likely to select engi-
neering during the 1980s. Interest among blacks and Mexican American
and Puerto Rican American freshmen has increased slightly (NSB, 2004).

However, the HERI survey involves students at both community col-
leges and four-year institutions (primarily the latter). To separate these
groups, the best strategy is to use NCES data. The NCES IPEDS database
includes fall enrollments from all primary providers of postsecondary
education, but these are not disaggregated by discipline.

A second way to identify the number of students in engineering is in
terms of degree completion, for which NSF collects data. Table E-1 shows
the number of associate degrees awarded in engineering sciences. Table
E-2 shows the number of bachelor’s degrees awarded in engineering.

As Table E-1 shows, the total number of associate degrees has not
changed much for women since 1990; the number has declined for men.
Because most associate degrees are awarded to white students, much of
the decline can be explained by the decline in the number of white males
who receive associate degrees. It should be stressed, however, that many
students transfer prior to receiving associate degrees, so the potential
number of transfer students in engineering is not evident from these data.

Table E-2 describes recent trends in the number of bachelor’s degrees
awarded. Since 1990, the number awarded to women has increased; the
number awarded to men has remained relatively stable. At the bachelor’s
level, the number of white students receiving degrees has declined, while
the number of minority students in all groups has increased. Enrollments
are a less preferred measure, since they only include students who in-
tended to major in engineering and succeeded in so doing at the end of
their program. Not included are students who might have wanted to be
engineers but dropped out of such programs at either the two-year or
four-year institution.

Number of Transfers into Four-Year Engineering Programs

The group of students who could transfer from community colleges
in engineering includes all students who are interested in pursuing this
program, with or without a two-year institutional credential.> Once again,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

%)
&
[
o
2
IS

©]
o

£
=
@
)
£
<)
c

L
o)
=
>
o]
S

98

"G00T “ASN :HDYNOS

020'T  ¥86 €Tl 9UT  L0€T  SPFT Te8T G99l 9€8'T  LL9T €4S 9[eN SruedsIH-uoON ‘SIym
[4:1" [44¢ Sic 861 g6l 01¢ e 1e€¢ 05¢ 061 L6l o[ewag oruedsIp-uoN ‘@M
¥Sl 09T 891 01 €1l 9¢1 911 ()88 801 LTl LL 9[eN orredsty
43 8¢ 8¢ 0t 6l °14 [43 o4 ¥C 9¢ 1c oew_ druedsip
S01 el jigs 8¢l [48 8¢l 8¥1 ¥l P91 8¢l i1 9[eN Jopue[s] SIIdE 10 UeIsy
°ré €C °1 0¢ 48 ¥ 9¢ 48 1c 81 LT Sewa] Iopuels] djoe 10 UelSY
€l €l L1 [14 6 6l 91 L 48 81 (U8 O[EJN  SAREN UBNSE[Y 10 UBTpU] ULOLIDUWY
€ ¥ g € 4 € 4 1 4 € 4 o[eWd  9AlEN UPBNSE[Y .0 UeTpu] UedLUY
68 10T a8 01 ()88 (48 8¥1 €L1 ¥01 901 €L 9[eN oruedstH-uoN “pe[g
o [44 i ¥¢ ¥ 8¢ 1e 8¢ 1€ 0¢ Sl SeWa] oruedstH-uoN “pe[g
VeVl TeP'T  ¥8LT LI9T  64LT  8L6'T  99¥'C  Sel'T  09€T  1€C’T  ¥IIC o[eIN SOLDIUYY] @ SI90BY [[V JO [BI0L
L6¢ 8¢€¢C €Ce 1/¢ 69¢ £0€ 9¢ 0ge q9¢ 6/C 88¢ STewa] SONDIUL}] 39 SIOvY [[V JO [BI0L
100C  000C 8661 L661 9661 G661 ¥661 €661 661 1661 0661  19pUeD) Loy 3 ey

1002-0661 “I9puan) pue AUy Aq ‘SULIeauIduy Ul paplemy S99139(] 91e0ssy -7 A 1dV.L

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11438.html

way to Engineering Careers

APPENDIX E 99

TABLE E-2 Bachelor’s Degrees Awarded in Engineering, by Sex, Race/
Ethnicity, and Citizenship, 1990-2002

U.S. Citizen/Permanent Resident

American
Asian/ Indian/
Pacific Alaskan  Temporary

Year Total Female Male White Islander Black Hispanic Native Resident

1990 65,967 10,130 55,837 50,099 5,989 2,173 2,473 112 5,121
1991 63,986 10,016 53,970 48,028 6,305 2,304 2,663 146 4,540
1992 63,653 9,972 53,681 47,540 6,479 2,374 2,708 163 4,389
1993 65,001 10,453 54,548 47,976 6,764 2,637 2,845 175 4,604
1994 64,946 10,800 54,146 47,136 6,881 2,769 3,045 207 4,908
1995 64,749 11,303 53,446 46,264 7,056 2,897 3,409 230 4,893
1996 65,267 11,737 53,530 45,952 7,333 3,120 3,557 263 5,042
1997 65,091 12,160 52,931 44,976 7,625 3,203 4,005 265 5,017
1998 63,271 11,797 51,474 43,623 7,131 3,144 3,939 351 5,083
1999 62,500 12,360 50,140 42,650 7,226 3,171 4,073 328 5,052
2000 63,635 13,140 50,495 43,437 7,529 3,150 4,124 347 5,048
2001 65,195 13,195 52,000 44,407 8,340 3,182 4,152 275 4,839
2002 68,648 14,102 54,546 47,149 8,669 3,358 4,298 315 4,859

NOTES: Racial/ethnic breakouts are for U.S. citizens and permanent residents only. Tempo-
rary resident includes all racial/ethnic groups.

SOURCE: Engineering Workforce Commission, Engineering and Technology Degrees, 2002
(Washington, DC, 2002), cited in NSF (2004), Table C-8.

more data are available on general transfers than on transfers specifically
in engineering. At the national level, one estimate places the transfer rate
of students at around 25 percent (MacNeil, 2001).

Based on the NCES Beginning Postsecondary Students Longitudinal
Study, we can make some general comments about transfers. For the 1989—
1990 cohort of students assessed in 1994, the NCES study found, in gen-
eral, that 25 percent of community college students indicated in their re-
sponses that they were working toward bachelor’s degrees, and 39 percent
of these students had transferred directly to four-year institutions by 1994.
Of community college students identified as prospective transfers, those
who were enrolled full time in their first year of community college were
about twice as likely to transfer to four-year institutions within five years.
Among community college beginners who transferred to four-year insti-

2A methodological note is important here. The transfer rate is the number of students who
transfer from a two-year institution to a four-year institution divided by the number of stu-
dents who could potentially transfer. There are different ways of defining both the numera-
tor and denominator. See Bradburn and Hurst (2001).
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tutions, 65 percent transferred without degrees; in other words, only about
one out of three had completed associate degrees before transferring. One
out of four community college transfers had received bachelor’s degrees
by 1994, while another 44 percent were still enrolled in four-year institu-
tions, for an overall persistence rate of 70 percent. The bachelor’s degree
attainment rate was much higher among the minority of community col-
lege transfers who had completed associate degrees before transferring:
43 percent had received bachelor’s degrees by 1994 compared with 17
percent of those who had transferred with no credential (McCormick and
Carroll, 1997).

A second group of students who began at two-year institutions in
1995-1996, was also studied. This analysis showed that about one-quarter
of students who started at community colleges said they intended to trans-
fer to four-year institutions and complete bachelor’s degrees. About one-
half of those who intended to pursue bachelor’s degrees did transfer (see
Table E-3).

Adelman (1998) used the NCES Higher Educational Institution and
Beyond Survey (which describes the activities of seniors and sophomores
as they progress through higher educational institutions, postsecondary
education, and into the workplace from 1980 through 1992) to examine
the engineering pathway. The principal relevant findings are listed
below:

e 20.1 percent of students who earned bachelor’s degrees in engi-
neering started in community colleges.

®  One-third of students who reached the threshold of the baccalau-
reate engineering path, but who did not cross the threshold, started in
community colleges.

e Of the students who left engineering, 14.8 percent started at com-
munity colleges (compared with 50.2 percent who started at comprehen-
sive institutions and 25.8 percent who started at doctoral-degree-confer-
ring institutions).

* The degree-completion rates (65.8 percent) of students who trans-
ferred from community colleges were equivalent to those of four-year-
only college students (60.4 percent).

e Transfer students account for one-sixth of the degrees awarded in
engineering.

The NCES Baccalaureate and Beyond Survey identifies bachelor’s de-
gree recipients for 1999-2000 by various characteristics, including first in-
stitution type and undergraduate major. Of students with bachelor’s de-
grees in engineering, 17.8 percent began at two-year institutions. As Table
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102 APPENDIX E

E-4 shows, a two-year institution is the second-most-frequent starting
point for students who received bachelor’s degrees in engineering.

Number of Students with Experience in Community Colleges

It is possible to survey students who received degrees at the bachelor’s
level or higher from the top down and ask whether they had experience in
community colleges. According to data collected by the NSF, community
college attendance among 1999 and 2000 (total) engineering bachelor’s
degree recipients was 44 percent; for master’s degree recipients, it was 29
percent (NSF, 2003). The combined percentage of engineering bachelor’s
and master’s degree recipients who attended community colleges was 40
percent (Tsapogas, 2004). The number of engineering bachelor’s degree
recipients who also earned associate degrees was 10 percent; the percent-
age for those who earned master’s degrees was 8 percent (NSF, 2003).
Together, the percentage of engineering bachelor’s and master’s degree
recipients who received associate degrees in engineering was 22 percent
(Tsapogas, 2004).

NSF also estimated data for students who received doctorates from
1991 to 1995; 8.2 percent of doctoral recipients in engineering had attended
community colleges (NSF, 1996). Tsapogas (2004) updated this informa-
tion for 1996-2000 (for all S&E) and again found that 8 percent had at-
tended community colleges.
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