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Notes from the Project Directors

About this document

During the last two decades, introductory physics education has experienced much change in how
physics is taught and even what topics are taught. The physics community is now advocating
“physics for all,” while at the same time trying to identify successful practices that improve the
attraction and retention of physics majors, particularly from underrepresented groups. Toward this
end the National Task Force for Undergraduate Physics (NTFUP), a collaborative effort of the
American Association of Physics Teachers (AAPT), the American Institute of Physics (AIP) and
the American Physical Society (APS), conducted 20 site visits of successful physics departments
at four-year colleges and universities.* The Strategic Programs for Innovations in Undergraduate
Physics at Two-Year Colleges (SPIN-UP/TYC) is a parallel and cooperative effort to identify
successful practices among the 1200 community colleges within our country.

The summary of the findings from the SPIN-UP/TYC Project can be found in the Executive
Summary. The Editor’s Comments refer to the impact of this report on the larger community.

Although two-year colleges enroll just under half of all first-time college students in the
United States, many Americans are not aware of the characteristics that set them apart from four-
year colleges and universities. Chapter 1 introduces the two-year college (TYC), its similarities
and differences with four-year colleges/universitis, and the advantageous position these local
colleges have in taking physics to the populace.

In Chapter 2, the different phases of the 18-month project are described: (1) the development
of the instruments for identifying successful TYC physics programs and selecting successful
physics programs to visit; (2) the training of the four-year college and two-year college faculty
in conducting TYC site visits; (3) the visitation and reporting process employed by each of the
10 teams; (4) the development of the 10 Case Studies; and (5) the review of the Case Studies and
the AIP Background Survey leading to the identification of factors contributing to the success of
these exemplary physics programs.

During a special Writing and Planning Conference in July 2003, nine of the project faculty,
representing both two-year and four-year institutions, critiqued the Case Studies and the AIP
Findings from the 2003 Background Survey for the purpose of identifying common factors
contributing to the academic success of the visited physics programs. These factors, which can
be replicated by other physics and science programs, and additional conclusions, are discussed in
Chapter 3.

As described in Chapter 2 of this major report, two-year colleges actually comprise three
constituencies: community colleges, junior colleges and technical colleges. While the 10 physics
programs visited during 2002—-2003 characterize successful academic programs at community
and junior colleges, these programs do not serve strong technical education components.
Therefore the project leadership identified and organized site visits to two technical programs
with demonstrated excellence in physics education. These two visits are a major first effort by
the physics community to better understand the functional differences between physics programs
targeting academic studies and those serving technical/vocational education. The last section of

* Strategic Program for Innovations in Undergraduate Physics (SPIN-UP) was a project sponsored
by AAPT, AIP, and APS with a generous grant through the ExxonMobil Foundation to conduct 20
site visits to successful undergraduate physics programs. The complete report can be downloaded
from: http://www.aapt.org/Projects/ntfup.cfm.
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Notes

Chapter 3 reports these findings.

Chapter 4 reports the activities at the visited two-year colleges, addressing two critical issues
being reviewed by many physics departments, the American Association of Physics Teachers, and
the American Physical Society:

(1) the science preparation of future K-12 teachers, and

(2) the recruitment and retention of members from underrepresented groups to physics
studies.

The SPIN-UP/TYC initiative is a major first-effort of the physics community to document
reasons for programmatic success and to assess the impact of reforms implemented in physics
teaching at two-year colleges. Many outstanding TYC physics programs responded to our Site
Selection Instrument. From these, 10 were selected as exemplary based on the criteria of our
study. Their Case Studies, representing a sample of the many successful physics programs at two-
year colleges in our country, are reported in Chapter 5. During the term of the SPIN-UP/TYC
project, the Statistics Research Division of AIP administered a background survey of the two-year
colleges nationwide. The findings of this survey can also be found in Chapter 5.

Special Acknowledgments

We thank the National Science Foundation, the American Institute of Physics, and our home
institutions—Lee College, Southwest Texas Junior College, and the American Association of
Physics Teachers—for their support of our activities. We are grateful to the members of our
Advisory Committee, our project evaluator, and the editor of this document for helping us gain
the insight we needed to train the visiting teams, identify the indicators for exemplary practices,
and report the findings of our site visits to a broad and diverse audience.

Most importantly, we extend a very special thanks to the physics faculty at each visited
campus, their administrations, science faculties, support staff, and students, and the physics
faculty serving as members/consultants for the SPIN-UP/TYC visiting teams. Their contributions
of time, expertise, and money, described in detail in Chapter 2, were key in helping us identify
and communicate best practices among two-year colleges for recruiting and retaining physics
students.

We list below the colleges visited, their site hosts, and the members of the physics faculty
teams who conducted the visits and prepared the site visit reports.

Training Site Visits
Two training site visits were conducted in July 2002 as a major component of the SPIN-UP/TYC

Training and Planning Conference. These visits were crucial in training the visiting teams to
prepare for, conduct, and report their findings.

Coastal Bend College — Beeville, Texas
Date Conducted: July 26, 2002

Site Host: Ken Stevenson

Site Visit Teams: See Appendix B for list

San Antonio College - San Antonio, Texas
Date Conducted: July 26, 2002

Site Host: Jerry O’Connor

Site Visit Teams: See Appendix B for list
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Ten Primary Site Visits to Exemplary Physics Programs

Through the selection process described in Chapter 2, 10 two-year colleges were visited to study
their exemplary physics program. Each visit produced a Case Study that was written by the
project leader participating in the site visit.

Primary Site Visits
Estrella Mountain Community College — Avondale, AZ
Date Conducted: Dec. 5-6, 2002
Site Host: Dwain Desbien
Site Visit Team:
Mary Beth Monroe, Southwest Texas Junior College in Uvalde, TX - Leader
Len Jossem, The Ohio State University in Columbus, OH
Tom O’Kuma, Lee College in Baytown, TX
John Enger (Editor), Northwest College in Powell, WY

Green River Community College — Auburn, WA

Date Conducted: Feb. 27-28, 2003

Site Host: Keith Clay

Site Visit Team:

Martin Mason, Mt. San Antonio College in Walnut, CA - Leader;
Andy Wallace, Angelo State University in San Angelo, TX

Tom O’Kuma, Lee College in Baytown, TX

Howard Community College — Columbia, MD

Date Conducted: March 20-21, 2003

Site Host: Russ Poch

Site Visit Team:

Marvin Nelson, Green River Community College in Auburn, WA - Leader
Chuck Robertson, University of Washington in Seattle, WA

Warren Hein, American Association of Physics Teachers in College Park, MD

Rose State College — Midwest City, OK

Date Conducted: March 27-28, 2003

Site Host: Jim Gilbert

Site Visit Team:

John Griffith, Linn-Benton Community College in Albany, OR - Leader
Conley Stutz, Bradley University in Peoria, IL

Tom O’Kuma, Lee College in Baytown, TX

Mount San Antonio College — Walnut, CA

Date Conducted: March 27-28, 2003

Site Host: Martin Mason

Site Visit Team:

Maria Bautista, Kapi’olani Community College in Honolulu, HI - Leader
Ruth Howes, Marquette University in Milwaukee, WI

Mary Beth Monroe, Southwest Texas Junior College in Uvalde, TX

SPIN-UP/TYC Project Report
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Primary Site Visits (cont.)
Amarillo College — Amarillo, TX
Date Conducted: April 3-4, 2003
Site Host: Art Schneider
Site Visit Team:
Denise Wetli, Wake Technical Community College in Raleigh, NC - Leader
Sandra Harpole, Mississippi State University in Starksville, MS
Mary Beth Monroe, Southwest Texas Junior College in Uvalde, TX
Karen Johnston, Momentum Group in Ft. Worth, TX - External Evaluator

Delta College — University Center, MI

Date Conducted: April 3-4, 2003

Site Host: Scott Schultz

Site Visit Team:

Bill Waggoner, Creighton University in Omaha, NE - Leader

Tim Dave (Advisor), Chabot College in Hayward, CA

Warren Hein, American Association of Physics Teachers in College Park, MD

Gainesville College — Gainesville, GA

Date Conducted: April 13-14, 2003

Site Host: J.B. Sharma

Site Visit Team:

Todd Leif, Cloud County Community College in Concordia, KS - Leader
Bill Kelly, Towa State University in Ames, [A

Tom O’Kuma, Lee College in Baytown, TX

Lord Fairfax Community College — Middletown, VA

Date Conducted: April 27-28, 2003

Site Host: Bill Warren

Site Visit Team:

Bill Hogan, Joliet Junior College in Joliet, IL - Leader

Marie Plumb, Jamestown Community College in Jamestown, NY

Warren Hein, American Association of Physics Teachers in College Park, MD

Miami Dade College, Wolfson Campus — Miami, FL

Date Conducted: May 29-30, 2003

Site Host: Guillermina Damas

Site Visit Team:

Rick Swanson, Sandhills Community College in Pinehurst, NC - Leader
Shannon Hart, Applied Materials in Austin, TX

Mary Beth Monroe, Southwest Texas Junior College in Uvalde, TX
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Additional Site Visits

Based on a recommendation made at the Writing and Planning Conference, SPIN-UP/TYC
conducted additional site visits during the fall of 2004. The purpose of these visits was to acquire
additional information regarding the roles of physics programs at technical community colleges
and in recruiting and retaining students from underrepresented groups at all two-year colleges.

Additional Site Visits
Prince George’s Community College — Largo, MD
Date Conducted: Oct. 27-28, 2004
Site Host: Scott Sinex
Site Visit Team:
John Griffith, Linn-Benton Community College in Albany, OR - Leader
Warren Hein, American Association of Physics Teachers in College Park, MD

Florence-Darlington Technical College — Florence, SC

Date Conducted: Nov. 4-5, 2004

Site Host: Joshua Phiri

Site Visit Team:

Marvin Nelson, Green River Community College in Auburn, WA - Leader
Tom Olsen, Lewis and Clark College in Portland, OR

Tom O’Kuma, Lee College in Baytown, TX

Wake Technical Community College - Raleigh, NC

Date Conducted: Nov. 4-5, 2004

Site Host: Rob Kimball

Site Visit Team:

David Weaver, Chandler-Gilbert Community College in Mesa, AZ - Leader
Ruth Howes, Marquette University in Milwaukee, W1

Mary Beth Monroe, Southwest Texas Junior College in Uvalde, TX

As you read this document, you will learn that at each site visited, the success of the physics
program can be attributed to faculty and administration who are willing to embrace academic
change when the needs of their students will be better served. While our site visits reveal many
different models for successful physics programs, we realize that these are not the only models
for success. It is our hope that this report, along with the report from the SPIN-UP project,
will produce a cooperative community-wide initiative in physics higher education to improve
the learning and appreciation of physics among STEM (Science Technology Engineering and
Mathematics) majors and our society as a whole.

Thomas L. O'Kuma Mary Beth Monroe Warren Hein

Lee College Southwest Texas Jr. College American Association of Physics Teachers
P.O. Box 818 Department of Physics One Physics Ellipse

Baytown, TX 77522-0818 Uvalde, TX 78801 College Park, MD 20740-3845

Email: tokuma@lee.edu Email: mbmonroe @swtjc.cc.tx.us Email: whein@aapt.org
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Executive Summary

Executive Summary

The National Task Force for Undergraduate Physics, upon the completion of its SPIN-

UP project (Strategic Programs for Innovations in Undergraduate Physics), asked leaders
within the two-year college (TYC) physics community to conduct a parallel site visit study
of exemplary physics programs in two-year colleges. With funding from the National Sci-
ence Foundation, Lee College, and Southwest Texas Junior College and under the auspices
of the American Association of Physics Teachers (AAPT), the two-year college community
identified and described 10 TYC physics programs that are shaping the future with initia-
tives that:

*  Encourage students to pursue degrees in physics or in other STEM (Science Technology
Engineering and Mathematics) areas,

*  Encourage women and underrepresented populations to study physics,

*  Encourage students to pursue teacher preparation programs in physics or related science
disciplines, and

*  Successfully implement instructional and programmatic innovations.

Two-year colleges (TYCs) enroll just less than half of all first-time college students in the
United States and there are approximately 50% more community colleges in our country than
there are four-year institutions that grant bachelor degrees in physics.* Two-year colleges make
higher education an accessible and viable option for many Americans, particularly nontraditional
students. Over the last century, these colleges have evolved in service to their local communities,
maturing as institutions that readily respond to the changing needs of its student populations.

The Training and Planning Conference held at Trinity University in San Antonio, TX, in
July 2002 addressed three major points in preparing physics faculty for the
SPIN-UP/TYC site visits:

® Diversity is a hallmark of two-year colleges due in part to the close ties of these
colleges with their local communities and in part to their open-door admissions policy.
In an effort to engage faculty in contemplating such diversity and its impact on physics
programs, Jack Hehn, AIP Education Director, developed four scenarios depicting
different, but representative, community colleges for the SPIN-UP/TYC Training and
Planning Conference. Through collective dialogue, eight faculty teams, each composed
of three physics faculty from both two-year and four-year institutions, examined the
scenarios for clues as to institutional goals and governance, the role of the physics
programs with respect to the college mission, typical profiles of students collegewide
versus those enrolled in physics, and faculty profiles.

® The conference participants actually experienced a “mini-site visit.” During the second

* Strategic Programs for Innovations in Undergraduate Physics: Project Report by Robert
C. Hilborn, Ruth H. Howes and Kenneth S. Krane, AAPT (2003). Roster of Physics Depart-
ments with Enrollment and Degree Data, 2003, by Starr Nicholson and Patrick J. Mulvey, AIP,
R-394.10, 9/04.
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part of the three-day working conference, four faculty teams conducted a trial site visit
to Coastal Bend College in South Texas, and four teams visited San Antonio College,
one of four colleges in the Alamo Community College District. Coastal Bend College
is a small, rural institution and at the time of the visit had no full-time physics faculty
and two part-time physics faculty. In contrast, San Antonio College, located on a large
campus near downtown San Antonio, employs three full-time physics faculty members
as well as several adjunct faculty to teach physics. Both colleges serve large Hispanic
populations.

Guided by the SPIN-UP/TYC Core Research Questions and Indicators of Success, each
visiting team prepared written and oral reports identifying exemplary features of each
physics program and factors contributing to this success. Again employing collective
dialogue, the conference participants prepared a list of lessons learned to aid them in
preparing for and conducting site visits and the writing of the site visit reports.

uononponu|

e There are fundamental differences between two-year colleges and four-year colleges as
revealed by a study of the TYC scenarios and the trial visitations. The unit of change
at the four-year institution is typically the physics department. Physics faculty at most
two-year colleges do not comprise an autonomous department. The implementation of
academic change at the community college requires the collaboration of the physics
faculty and college administration and, in some instances, the chair of an integrated
science department or division.

The Training and Planning Conference successfully grounded site-visit teams in an
understanding of the organizational structure and institutional differences likely to be encountered
during the site visits and information-gathering techniques to be employed to identify and
substantiate the factors contributing to the success of visited TYC programs. Equally important,
the conference produced cohesion among all project faculty enhancing their skills as team
members throughout the term of the project. Input from the conference participants helped design
the Site Visit Manual used by teams in preparation for the site visits and in writing their site visit
reports.

The selection of two-year college sites was made slowly and deliberately over a four-month
period, beginning in October 2002. Seventy-two colleges responded to the Site Selection
Instrument prepared by the project directors. From these, the project directors identified 10
colleges for site visits based on the following selection criteria:

e Diversity as to the size of the physics department,

* Diversity as to the size of the campus student enrollment and/or college district,

e Diversity as to geographic locations,

*  Success in recruiting and retaining physics and other STEM students,

*  Success in recruiting and retaining future teachers of science and math,

*  Success in recruiting women and other underrepresented populations,

*  Success in implementing innovations, and

*  Success in addressing the needs and learning styles of special student populations.

The first site visit was conducted in December 2002, and the last was conducted in May 2003.
Each visiting team consisted of three members: a two-year physics faculty serving as team leader,
a university physics faculty member, and one project director. Site Visit Reports, prepared by the
visiting team with input from the physics contact person at each visited site, served as the basis

SPIN-UP/TYC Project Report iX




Executive Summary

for the development of the 10 Case Studies.

The SPIN-UP/TYC project additionally contracted with the AIP Statistical Research Center
to conduct a background survey to a representative sample of all community colleges within the
country. Their report contrasted the characteristics of all surveyed colleges to the 72 colleges that
applied for site visits and the 10 sites selected for visitation. The AIP findings substantiated the
site visit teams’ findings of successful physics programs characteristics. (The report of the AIP
findings is presented in Chapter 5.)

During the Writing and Planning Conference in June 2003, six of the project faculty and the
project directors reviewed the Case Studies and the AIP Survey Findings. Factors identified as
contributing to programmatic success fell into three categories.

1. Focus on Students. A comparative review of the Case Studies and the AIP Survey
Findings revealed that outstanding physics programs provide students with a strong laboratory
and hands-on experience in the classroom and a physical environment conducive to outside-
of-class interactions between faculty and students. The exemplary physics programs visited
displayed:

* A nurturing classroom environment,

* A welcoming social environment,

e Co-curricular activities that support the academic program,

* A support system including faculty and peer mentors/tutors,

*  Aplan to assess student learning and program improvements, and

* A plan for student advisement that includes career and transfer advising.

2. Focus on Faculty. Successful physics programs are defined by committed and energetic
faculty. This is amazing since half of the visited physics programs had only one physics
faculty member. However, one-person departments are typical of two-year colleges. AIP
reported in 2002 that most two-year colleges have a small number, one or less, of full-time

physics teaching faculty. The visiting teams also reported that the successful physics
programs displayed:

e Campuswide collegiality,

e Sustained faculty leadership,

e  Reform at the local level,

*  Attention to pedagogy,

e  Recruitment and retention activities,

*  Opportunities for professional development, and

e Scholarship and networking.

3. Working Relationship between Faculty and Administration. The Case Studies revealed
that each exemplary physics program enjoyed a strong working relationship with the college
administration. Establishing and maintaining such a relationship requires frequent visits
between physics faculty and administrators as well as an acceptance of ongoing responsibility
by both faculty and administrators. The Case Studies revealed specific areas of understanding
that the physics faculty had established at the administrative level:

e Physics activities are in alignment with the institutional mission/strategic plan.

X SPIN-UP/TYC Project Report



*  The physics courses realize a stable or growing student enrollment.

e Physics faculty regularly visit with the college administration, describing the activities
occurring within the program and how these activities impact student learning and the
changing needs of the institutional student body.

*  The sphere of influence of the TYC physics program extends to other disciplines and
instructional programs on the TYC campus or at the transfer institution.

Likewise the Case Studies revealed that administrators on the visited campuses:

*  Encourage and support professional development, both on and off campus.
*  Are receptive to and support academic change.
*  Allocate physical resources to provide for academic change.

*  Provide services enhancing the student pipeline from public school to the community
college and from the community college to the university and/or workplace.

*  Promote interactions among STEM faculty.

The three-day writing conference produced a draft of the SPIN-UP/TYC report to the physics
community as well as recommendations for the next appropriate activities of the TYC physics
community.

In response to one of these recommendations, the project directors organized three additional
site visits to two-year colleges. During the fall of 2004, SPIN-UP/TYC teams visited two
technical colleges and a community college serving a student population with 75% enrollment by
African Americans. The reports from these visits provide more in-depth information regarding the
impact that two-year colleges have on the recruitment and retention of underrepresented groups as
well the training of students to enter the workforce.

The 13 sites visited by SPIN-UP/TYC teams included campuses with large percentage
enrollments of African Americans, Hispanics, and Asians. The team reports show that a two-
year college located in a community where the population is predominantly African American,
Hispanic, or Native American will also have a student population that reflects that demographic.
However, the total percentage of minority students enrolled at the two-year colleges is larger than
the four-year college and university. Therefore the two-year college provides an important portal
to these populations within the students’ first two years of college. The site visit reports indicate
that these 13 colleges are successful in recruiting females into physics courses. Each campus
visited reported about 40% enrollment in physics by women; this in contrast to the average 30%
enrollment for all introductory physics courses nationwide.

The review of the visited physics programs with a technical component exhibited the
following features attributing to their success:

*  The physics faculty interact often with the faculty in the technology/technical
education programs.
e The physics faculty are open to change and often initiate instructional change.

*  The physics faculty maintain an awareness of the academic needs and career goals of
their students.

e The physics and technology faculty have the strong support of their college
administration and support staff.

e The physics programs have strong involvement from industry and workplace
employers.

*  The physics faculty regularly attend workshops and conferences for the purpose of

SPIN-UP/TYC Project Report Xi
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Executive Summary

review and training in new content and pedagogies appropriate to their programs of
study.

The SPIN-UP/TYC site visits also sought to determine the colleges’ involvement in the
science preparation of K-12 teachers. Approximately 90% of the visited campuses reported
activities specifically targeting teacher preparation, aside from outreach to in-service teachers and
their students. Some of the colleges have developed individual courses for future teachers. Four
of the visited physics programs have a comprehensive series of courses providing the students
with a seamless transfer into teacher preparation studies at the state universities.

Special presentations concerning the SPIN-UP/TYC findings and their impact on physics
education have been made at AAPT national meetings and meetings of other STEM societies.
With the editorial help of Melanie J. Norton, University of Southern Mississippi, this SPIN-UP/
TYC report has been prepared for wide dissemination, including all two-year colleges, select
representatives of the four-year college/university physics community, and select leaders of
funding organizations and professional organizations. Findings from the SPIN-UP/TYC Case
Studies of two-year colleges combined with findings from the SPIN-UP study of thriving physics
departments at four-year institutions provide a composite picture of best practices in physics
higher education. More importantly the two reports provide insight regarding how academic
change in physics higher education is implemented and maintained.

xii SPIN-UP/TYC Project Report



Editor’'s Comments

Strategic Programs for Innovations in Undergraduate Physics at Two-Year Colleges (SPIN-
UP/TYC), a program of the American Association of Physics Teachers, is another step in the
long path that leaders in the two-year college physics community have undertaken to highlight
the value of two-year college physics education to the larger science and science education
communities. From their initial efforts to strengthen visibility and create a larger network of two-
year college physics faculty with TYC21, to this latest enterprise to explore the best practices in
two-year college physics programs, evidence has accumulated to show that the work of the TYC
physics programs plays a vital and successful role in education.

Two-year colleges have specific characteristics that make them more student-centered such as:
* The ability to be flexible in scheduling to serve students’ needs;
*  The capacity to change quickly in response to the needs of the community or region;

*  The opportunities, because of class size and organizational structure, for faculty to have
a greater interaction with students both in and outside of class; and

*  The creation of a community of students who are striving to learn.

These characteristics are what permit two-year colleges to be such powerful vehicles and
resources for students, both traditional and nontraditional. The best way to describe two-year
colleges is inclusive. The basic premise of open access to afford educational opportunity to all
who seek it reflects the best intentions of our society in striving for the future. More Hispanic
and American Indian or Alaskan Native students enroll in two-year colleges than four-year
institutions; whereas, more other minorities or Caucasian students enroll at four-year institutions
than two-year colleges. Of students who completed a science or engineering baccalaureate degree
in 1997/1998, 15% of women students, 17% of Black non-Hispanic students, 18% of Hispanic
students, and 37% of American Indian or Alaskan Native students had first completed a degree
at a two-year college. Two-year colleges serve 44% of the undergraduate science, mathematics,
engineering, and technology student population (women, minorities, and persons with disabilities
in science and engineering: 2002, NSF 03-312). National Science Foundation research reports
that of the doctorates awarded in science and engineering fields between 1996 and 2000, a higher
proportion of Hispanic and American Indian or Alaskan Native (11% and 17%) attended a two-
year institution than did Caucasian recipients (9%) (NSF 04-315, May 2004). Two-year colleges
are a resource that serves students who might otherwise miss the opportunities that education
affords.

This study supports what we have intuitively known about successful education: students
benefit from access to faculty in the classroom and in less regimented environments where they
can have personal communication; faculty must be engaged and supported by colleagues and
administration to be effective and innovative; education does not occur in a vacuum but rather
within a context that students and faculty can identify with in order to facilitate the essential
exchange of content.

The educational demands of our society are evolving as technology becomes ubiquitous
and economic competition becomes global. The ability to grasp concepts based on science,
technology, engineering, and math is now critical to both professional and personal survival.
Education is the key to continued development for both the individual and society. In the last
century, Americans came to recognize the value of diversity and the need for an inclusive
educational culture to assure the future. However, providing access to education to obtain
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Editor's Comments

economic benefit is not sufficient. It is in supporting students to enable them to successfully
pursue education and seek their own goals in life that is vital.

Students with varying cultural, educational, and economic backgrounds require different
educational support. Two-year colleges recognize the regional characteristics of their students
as well as their educational challenges. Students aspiring to transfer to four-year colleges or
universities, as well as students seeking remediation or vocational specialization are served by
two-year colleges. Students are supported by faculty who are engaged—faculty who are involved
with both classroom and practical experiences and are focused on providing education. Faculty
who are active communicants and who are supported by colleagues and administration are able to
provide students with relevant academic and practical skills. This study details the investigation
of two-year college physics programs to expose the best practices that support a successful and
inclusive educational culture.

To attend to changing learning requirements and styles, educators must adapt. Educators must
become accustomed to change to keep current with the technological, cultural, and economic
revolutions in society and their classrooms. Practical research to address this transformation for
future students and employers is under way. Examining programs to identify best practices in
the field quickly reveals key aspects to fully serving the educational needs of our society. But
the implementation of best practices relies on the ability to respond quickly to change. Three
key characteristics that engender the capacity for change in education are: first, faculty openness
to change, the mere willingness to investigate alternatives the standard; second, organizational
structures that permit change to occur; and third, the willingness to undertake change. These three
characteristics also underlie the best practices identified in the AAPT SPIN-UP/TYC research
presented here.

True to form, the SPIN-UP/TYC leaders utilized the project as a method to network. The
visiting teams all included two-year and four-year college faculty for each site visit. They were
engaged in the project in the role of students as well as investigators. Meetings to plan and train
for the visits provided an opportunity to introduce the faculties from two-year and four-year
colleges to each other’s worlds.

Follow-up work to compare the results of this project to those of other best practices studies
should yield information about similarities and differences among the various STEM programs.
The importance of interaction with colleagues, administration, and students was found in
both the SPIN-UP site visits to four-year colleges conducted by the National Task Force for
Undergraduate Physics and the SPIN-UP/TYC site visits conducted by AAPT. What does
this imply about the importance of collegiality and collaboration in making STEM programs
successful? How can this information be translated into action to develop better programs?
How can this information be used to assist faculty and students at other institutions or in other
disciplines? The implications for collaboration among two-year and four-year faculty are
significant and certainly should be explored further.
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Chapter 1
The TYC Story

Two-year colleges hold a unique place in the American education system. Beginning as post-
secondary schools to serve specific regional populations, they have evolved to become today’s
junior colleges, technical colleges, and community colleges. The 1960s witnessed tremendous
growth in two-year colleges as an intermediate level between secondary education and four-
year studies. As of 2000, 42% of students begin higher education for the first time at a two-year
college.! Perceptions of two-year colleges vary as much as the individual colleges themselves.
Some would say that a two-year college is merely an alternate choice of post-secondary
education.? Others would argue that it is an institution designed to provide workforce training,
serve non-traditional students, and be a source for lifelong learning.3’4 Also, there still exists
the view that two-year colleges serve as remedial schools outside the mainstream of higher
education.*?

The subordinate role for two-year colleges in education is fading, as governments, business,
industry, and social institutions are turning to two-year colleges and increasing the expectations
of what two-year colleges can and should provide.® The overall mission of the two-year
college is difficult to agree upon, even among two-year college stakeholders. Many consider
the role two-year colleges now play in our local and national communities to be crucial for
economic competitiveness. Organizational flexibility, local relevance, and attention to markets
allow two-year colleges to address rapidly changing technologies and identify and serve basic
literacy issues. Some primary functions of the two-year college are: acting as a bridge between
high school and further post-secondary studies, providing a return route for those who left the
education pipeline, providing a means for vocational training and re-certification to future and
current W%rkers, and acting as a resource for adult education regardless of academic background
or goals.”>

It is the very nature of the two-year college that allows and requires it to adapt. The assets
enjoyed by two-year colleges include accessibility, local orientation, flexibility, and environments
that provide “studies on a human scale.”® They often do their work with a relatively small
amount of resources and dedicated faculty, staff, and administrators who are committed to
providing opportunities for effective learning. Two-year colleges’ unique histories, locations,
and populations create distinctive hierarchs within disciplines or technical areas. For example,
mathematics may be part of a science department, or engineering may itself be a larger technical
division. Individual colleges can also offer one-of-a-kind programs. Students at Central Piedmont
Community College in Charlotte, NC, can earn a Welding Certificate with specialization in race
car welding, while at Brevard Community College in Cocoa, FL, they can earn an Aerospace
Technology degree with a dual enrollment option for high school students. Recognizing the
opportunity to provide access to work venues specific to the region is an important contribution to
the local economy and characteristic of the adaptability of two-year colleges.

No longer neglected, two-year colleges have the important opportunity and responsibility to
become proactive in making changes that serve their populations’ needs. The ability to multi-
task to produce positive outcomes for technical and academic studies, two-year colleges are
expected to achieve goals from many “agendas.” Because of their sandwiched nature between

SPIN-UP/TYC Project Report 1




The TYC Story

high school and four-year institutions, they are well positioned to build, maintain, or strengthen
existing partnerships in both of these directions. Their ties to local business and industry provide
a rich resource for bringing current applications into the classroom, for career advising, and for
employment opportunities for their graduates. They also are in stronger positions than ever to
seek out and receive additional funding from government agencies to improve their ability to
provide quality education and gain the respect of peers from all academic levels.!?

Students

Enrollment at a two-year college is seen as a viable option for a significant number of students
graduating from high school and enrolling in higher education programs. The latest statistics on
high school outcomes for 18-year-old students from the U.S. Department of Education!! show
that nearly as many students are enrolled in two-year colleges as four-year colleges in a given
year (approximately 1.2 million). Although the typical two-year college physics department is
small, when added up the approximately 119,000 two-year college students taking physics in a
given year account for about 25% of the total number of students taking introductory physics
nationwide.!? The two-year colleges play a major role in higher education in general and
specifically in physics.

Students choose to attend two-year colleges for a number of reasons. First, tuition and fees
for a course at a two-year college is a small fraction of the cost to take the same course at most
four-year institutions (typically 20 to 25%).!3 The student frequently chooses to live at home,
which further reduces the cost of attendance. This factor alone may make it possible for a student
to begin or resume a college education without incurring a large amount of debt or producing
financial hardship for their family. As long as the courses transfer to four-year institutions or
satisfy the student’s career objectives, choosing to attend a two-year college can be a viable
option for many students.!*

Students also choose to attend two-year colleges because of smaller class sizes and more
welcoming environments. Class sizes of 25 to 40 are typical for introductory courses at two-year
colleges, whereas the same courses at four-year institutions might have 200 to 300 students. A
typical introductory physics course at a two-year college will have 24 students in the class, and
the same faculty member will teach both the lecture and the laboratory, often in an integrated
setting. The faculty members are readily accessible outside of the classroom and get to know
their students as individuals, making it easier to develop true learning communities. In contrast,
many introductory physics courses at four-year institutions are taught in large lecture sections
of 100 or more students. The faculty member serving as lecturer for the course may be less
accessible outside of class, and the laboratory accompanying the course is often taught by a
teaching assistant who may not be aware of what is occurring in the lecture portion of the course
and may have little interest in the student learning that takes place in the laboratory.!?

The location of the two-year college in the local community and the welcoming and non-
threatening environment typically found at the two-year college makes it an especially good
option for non-traditional students, women, and underrepresented minorities (Native Americans,
Hispanics, and African American students). In their recent book, Phillippe and Patton illustrated
why location is so attractive to women: !0

“Women with young children, for instance, put a premium on convenience because
they frequently take classes around their own and their spouses’ work schedules,
and babysitters’ availability. For women entering the workforce for the first time
or reentering after a hiatus, community colleges’ proximity eases their transition to
work.”
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Phillippe and Patton also give a rationale for why two-year colleges are so attractive to
underrepresented minorities:!”

“Community college’s commitment to being actively involved in local
communities also helps attract minority students. Collaborations with businesses
and social service agencies extend community colleges’ presence beyond their
architecture. In this way they are familiar, more approachable institutions,
especially for people whose families do not have experience with higher education.
In family-centered cultures that like to keep teenagers and young adults close to
home, community colleges provide the opportunity for people to advance their
education at places they know firsthand while retaining their family ties.”
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Those returning to school after some time in the workforce, or after serving as caregivers, are
able to pursue a post-secondary degree without quitting their jobs or leaving their families. An
associate’s degree or certificate program at a two-year institution may be adequate education for
their career goals. Others will go on to pursue a baccalaureate degree with less impact on their
families than if they had completed their entire education at a four-year institution.

Two-year colleges generally award only an Associate of Arts degree, an Associate of Applied
Science degree and/or an Associate of Science degree. In recent years, some community colleges
have established discipline-specific degrees, which ultimately lead to baccalaureate degrees in the
identified disciplines at the university level. However, these are few in number. Underrepresented
minorities attending local two-year colleges can take advantage of their families and other
support mechanisms to bridge the transition into post-secondary education. Minority students
may actually be in the majority population, as in the case of Native Americans attending tribal
colleges, Hispanic students attending Hispanic-serving institutions, or African Americans
attending African American-serving institutions.!® The lack of peer support by members of
their own ethnic community is one of the main reasons underrepresented students drop out
of four-year institutions during their first two years of attendance. However, the number of
underrepresented students who complete their study whether for an associate, bachelor, master,
or doctorate degree, decreases proportionally as you increase the number level of education.!?
Because two-year colleges generally have a more welcoming environment and supportive
learning community, those two-year colleges that serve large numbers of underrepresented
minorities can and should play a major role in recruiting these students as Science, Technology,
Engineering, and Mathematics (STEM) majors.

Organizational Issues:
Departments, Programs, and Faculty

In order to understand how academic change is typically implemented at two-year colleges, one
needs to understand their organizational structure. A mere review of organizational charts can
be misleading as both two-year and four-year institutions commonly use the same names for
organizational units, even though the units function differently. For example, “department” has
implications at the university level that are not suitable for most two-year colleges in the United
States.

University Organizational Structure

A typical university uses the department as the basic functional unit. Departments are generally
organized around a specific discipline, often with a research focus, with a departmental chair and
associated budget lines. Departments at many state universities have four or more faculty along
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with multiple graduate research and teaching assistants. Most significantly, the university physics
department generally has a large degree of autonomy in affecting academic change impacting its
sphere of influence.

University Faculty Roles and Rewards

University faculty generally teach several lecture classes each year with the rest of their time
devoted to research, publication, and directing undergraduate majors and graduate students.
Some of this allocation of time is possible merely because of the number of physics faculty at
four-year and university institutions and the availability of undergraduate majors and graduate
students.2Y Teaching assistants teach most of the labs and some of the lectures. In science
departments, introductory/service course lectures are often large and there is frequently a
sequencing challenge between topics covered in lecture and those in lab. Getting research
grants and/or gaining national and international recognition for research is generally rewarded
at universities.20 University reward structures may include a merit-pay system and most use

a rigorous and highly competitive tenure-track system to gain permanent positions. Most
universities use a differential title/pay structure (e.g. Associate and Full Professor).

Instructional Flexibility at the University

With the large number of students, faculty, and TAs involved, curricular change is challenging

at many universities. Furthermore, the university-wide curricular structure makes creating (or
eliminating) courses and, moreover, entire programs of study very time consuming. Departmental
committees, college councils, and university-wide governing bodies may have to consent to
changing course titles, numbering or content. Proposing a new course at the university level

may involve several committees and related time delays such that it could take a year to get new
courses approved. Universities have necessarily complex policies and procedures for scheduling
the many courses they offer, so there is limited flexibility in providing courses based on when
groups of students may wish to take them. Size-related institutional inertia makes it difficult for
universities to offer many courses off campus at various sites and in various formats.

Two-Year College Organizational Structure

Many two-year colleges have adopted the use of “department” used in the older, four-year
college/university system, but they share little similarity as to their governance or how they
implement instructional reform. Because of the comprehensive nature of two-year colleges, TYC
faculty tend to be housed with faculty teaching related disciplines within a larger organizational
unit, such as the division of science and math, or the department of physics and engineering. In
some two-year colleges, the term “physics department” is not even used.

The most analogous TYC functional unit to the university department structure is what is
called a “program of study.” The individual programs within a TYC organizational unit usually
have little budget autonomy.

Physics programs differ from one two-year college to another, and the programs likely include
different activities, in part due to the diversity of institutional missions and physics teaching
faculty. Such activities include, but are not limited to:

e Delivery of physics courses,

e Club (physics or any STEM type) or Society of Physics Students activities,
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*  Advising/counseling,
*  Supplemental instruction,

e Tutoring,
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*  Formal/informal interactions between physics faculty and students,
*  Articulation with public schools or four-year colleges/universities,
*  Outreach (e.g. science fairs, science shows, career day, etc.),

* Independent student projects supervised by physics faculty,

*  Mentoring of adjunct faculty,

e Student tutors/mentor activities,

*  Active membership in professional organizations,

e Participation in professional development activities, and

* Recruitment and retention activities by physics faculty.

Two-Year College Faculty Roles and Rewards

Since TYCs generally do not have a research focus, faculty are responsible for teaching two to
three times as many courses as their university colleagues (typically without the assistance of lab
or teaching assistants or graders). The larger teaching load and smaller class size usually means
that TYC faculty teach both lecture and lab for most science courses. Smaller class size also
typically results in a much closer student/faculty relationship.

The 1996 AIP survey of two-year colleges indicated that most of these institutions have only
one physics faculty member.2! Many of these physics faculty teach additional subjects (such as
chemistry, mathematics, and engineering) as part of their full-time teaching responsibilities, thus
the need to distinguish between full-time physics faculty and full-time physics teaching faculty.

National recognition for extra-curricular activities such as academic research or professional
service is often not rewarded or recognized at TYCs when determining pay raises or tenure.
Tenure, or continuing contracts and pay increases, are usually linked to longevity at the TYC.

Instructional Flexibility at the Two-Year College

Tighter integration between lecture and lab as well as greater curricular flexibility are possible
benefits of the smaller class and program sizes found in TYCs. If TYC faculty decide that a
class needs more time on a specific topic, they can often modify their lecture and lab schedules
to accommodate that decision. Changing texts, labs, and even entire pedagogical approaches

is usually far less challenging in the TYC environment. The overall TYC structure is such that
the creation/deletion of courses and entire programs of study is a fairly streamlined process.
Furthermore, there is usually a great deal of time, space, and format flexibility with course
offerings. However, curricular changes at TYCs are restricted by factors such as articulation
agreements that affect credit transfer to a four-year institution, workforce needs, and funding
limitations.
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Table 1.

Some Contrasts between Four-Year Institutions and Two-Year Colleges

Four-Year Institution

Two-Year College

Organizational Structure

Functional Unit Department Program
Budget autonomy Yes No
Unit size 4+ ~1

Faculty Roles and Rewards

Faculty Roles (other than commit-
tee work)

Teach ~4 lectures/yr [w/
grading & teaching assis-
tance (TA)], research, direct
grad students, publication

Teach 6 lectures and 6 labs
per year and sometimes
overload courses

Faculty emphasis on teaching

No

Yes

Teaches lectures

Faculty, Lecturers, some TAs

Full-Time (FT) and Adjunct
Faculty

Teaches labs TAs FT and Adjunct Faculty
Intro/service lecture size Large (100+) Small (~24)
Merit pay Yes No, usually

Tenure process

Rigorous and competitive

Usually based on longevity if
present

and space)

Flexibility
Flexibility for curricular change Limited Usually flexible
(within a course)
Create/delete courses and pro- Very difficult Not very difficult
grams
Flexibility in course offerings (time Limited Usually flexible

Even though it appears that TYC physics faculty have more flexibility in course offerings and
implementing instructional reform, a significant distinction between two-year colleges and four-
year institutions concerns the location of decision-making responsibilities. The responsibilities
of TYC physics faculty vary significantly from one two-year college to another. It is difficult
to point to the unit of change at the two-year college. At the four-year institution, the unit
responsible for change is most likely the department. However, at many two-year colleges,
change is affected by key faculty and one or two key administrators. For the two-year college
with a small number of science faculty, the decision-making responsibilities leading to change
will most likely reside with the physics faculty and one administrator, typically the instructional
dean or vice president. For two-year colleges with large science-math divisions, the personnel
responsible for change could typically be the physics faculty, the divisional chair, and the college
administrator supervising instruction.

SPIN-UP/TYC Project Report




References

1. Michael Neuschatz, Geneva Blake, Julie Friesner, and Mark McFarling, Physics in the Two-Year
Colleges (AIP, College Park, MD, 1998).

2. AIP(1998), p. 1.

3. John Tsapogas, The Role of Community Colleges in the Education of Recent Science and Engineering
Graduates (InfoBrief, NSF04-315, National Science Foundation, 2004).

4.  Educational Testing Service, The American Community College Turns 100: A Look at its Students,
Programs, and Prospects (Educational Testing Service, Princeton, NJ, 2000).

5. Arthur Cohen and Florence Brawer, The American Community College (Jossey-Bass Publishers, San
Francisco, 1996).

6. ETS, pp. 25-29.

7. Cohen and Brawer, chapters 6, 8, 9, 10, 11, 12 & 14.

8. ETS, p. 4.

9. A Model for Reform Two Year-Colleges in the Twenty-First Century: Breaking Down Barriers
(American Association of Physics Teachers, College Park, MD, 2000).

10. Cohen and Brawer, chapter 15.

11. National Center for Education Statistics, Digest of Education Statistics, 2001 (U.S. Department of
Education, Office of Educational Research and Improvement, Washington, D.C., 2002).

12. Patrick Mulvey and Starr Nicholson, Enrollments and Degrees Report (American Institute of Physics,
College Park, MD, 1999-2003).

13. Kent Phillippe, and Madeline Patton, National Profile of Community Colleges: Trends and Statistics,
3rd ed. (Community College Press, American Association of Community Colleges, Washington, D.C.,
2000).

14. Cohen and Brawer, chapter 2.

15. AIP (1998), pp. 14-15.

16. Phillippe and Patton, p. 22.

17. Phillippe and Patton, p. 23.

18. ETS, p. 11.

19. National Center for Education Statistics, Digest of Education Statistics, 2000 (U.S. Department of
Education, Washington, D.C., 2001).

20. U.S. Bureau of Labor Statistics, Occupational Outlook Handbook, 2004-05 Edition (U.S. Department of
Labor, Washington, D.C.); web: http://stats.bls.gov/oco/ocos066.htm.

21. AIP (1998), p. 9.

SPIN-UP/TYC Project Report

| Jydey)d



Chapter 2

Project Overview

The Strategic Programs for Innovations in Undergraduate Physics at Two-Year Colleges
(SPIN-UP/TYC) project was initiated in 2002 as a cooperative effort between the American
Association of Physics Teachers (AAPT) and the National Task Force on Undergraduate Physics
(NTFUP).! At that time, NTFUP was completing its initiative, called SPIN-UP,? conducting site
visits to determine why some physics departments at four-year institutions were successful in
revitalizing their academic programs. In addition, SPIN-UP tried to determine why some physics
departments were more successful at recruiting and retaining physics majors and related majors
of science, math, and engineering. The members of the national task force wanted to learn about
“best practices” at community colleges. The task force suggested that findings from site visits

to community colleges combined with the findings from the SPIN-UP project would provide

a comprehensive picture on how colleges and universities implement academic change. Two
surveys conducted by the American Institute of Physics in 1996 and 2001 revealed that two-year
colleges enroll almost half of all undergraduate students in the United States.3* Of the students
enrolled in introductory physics at two-year colleges, 31% are female and 23% are minorities.
Comparatively, at four-year institutions, 25% of introductory physics students are female and
15% are minorities. Therefore the members of the task force anticipated that the site visits to
two-year colleges would also identify reproducible strategies to increase the number of successful
physics majors from underrepresented populations.

Brief Background History

In 1989, AAPT, with funding from the National Science Foundation (NSF), conducted the first
conference for two-year college (TYC) physics faculty.) At this conference a number of critical
issues common to community colleges were identified. These issues included the feeling of
isolation experienced by many TYC physics faculty, the need to network with other TYC faculty,
a need to remain current in pedagogical approaches to teaching physics, a need to know how
many students take physics at two-year colleges, and what encompasses a physics program at
TYCs. In response to the recommendations emanating from this TYC conference, two major
TYC efforts evolved.

The first initiative involved two projects to communicate and provide first-hand experience
with new physics teaching innovations based on the findings of the physics education research
(PER) community. The Two-Year College Workshops project® (1991-2006), under the
leadership of Curtis Hieggelke and Tom O’Kuma and with funding from the NSF, developed

a series of curricular-innovation type workshops for community college physics faculty that
were held at various TYCs around the country. The Physics Enhancement Project for Two-
Year College (PEP-TYC) physics faculty’ (1991-2005), under the leadership of Robert Beck
Clark and Tom O’Kuma and with funding from the NSF, conducted a series of professional
development programs to enhance the participants’ knowledge of teaching strategies as well as
new discoveries in modern physics.
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The second initiative was the Two-Year Colleges in the Twenty-First Century: Breaking Down
Barriers (TYC21)8 project under the leadership of Mary Beth Monroe and Marvin Nelson.
The TYC21 vision proposed to develop a self-sustaining national network of TYC physics
faculty under the auspices of AAPT. This six-year AAPT project began in 1994 with initial
funding from AAPT, and in 1995 the AAPT project was awarded funding for five years by
the NSF. By the end of the project term, a national network of 15 regional networks involving
more than 500 TYC physics faculty was formed. The AAPT Committee on Physics in Two-
Year Colleges now provides the leadership for the national network.

In parallel with the TYC21 activities, the Statistical Research Center of the American Institute
of Physics (AIP) in 19963 conducted the first-ever survey of physics activities at two-year
colleges. The results of that national survey gave the physics and larger science community an
initial understanding of what physics was being taught at TYCs and the type of students enrolled.
AIP conducted a second survey in 20014 that provided additional insight regarding physics
activities at two-year colleges.’

SPIN-UP/TYC Project

Projects funded by the NSF during the 1990s identified a number of characteristics about physics
offerings, physics faculty, and physics students at two-year colleges.3->8 They, however, did not
address the comprehensive physics programs at two-year colleges, nor what factors contribute to
a successful TYC physics program.* Consequently, conversations between NTFUP members and
AAPT/TYC leadership produced an effort paralleling that of the SPIN-UP project but targeting
the two-year college community. Between June 2002 and June 2003, the SPIN-UP/TYC project
conducted 10 site visits and surveyed the physics programs at two-year colleges nation-wide for
the purpose of collecting information that would:

1. Identify and describe two-year college physics programs that are shaping the future with
initiatives that:

e Encourage students to pursue degrees in physics or in other science, technology,
engineering, and mathematics (STEM) areas;

e Encourage women and minorities to study physics;

e Encourage students to pursue teacher preparation programs in physics or related
STEM programs; and

*  Encourage two-year colleges to implement programmatic change.

2. Contribute to a report containing a set of Case Studies of Exemplary Two-Year College
Physics Programs that could be widely distributed in the higher education community.

The project was funded by the Advanced Technological Education program of the National
Science Foundation, the American Association of Physics Teachers, Lee College (Baytown,
Texas), and Southwest Texas Junior College (Uvalde, Texas).

*  Physics programs at a community college most closely correspond to physics
departments at the four-year college/university level. It refers to the collective
physics activities that facilitate the learning and appreciation of physics, including
physics outreach to community and local schools. For more discussion refer to
Chapter 1, The TYC Story.
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Project Overview

Project Leadership

The SPIN-UP/TYC Project was led by Tom O’Kuma of Lee College, Mary Beth Monroe

of Southwest Texas Junior College, both TYC physics faculty, and Warren Hein, Associate
Executive Officer of AAPT and former Physics Department chair of South Dakota State
University. Karen Johnston of Momentum Group served as external evaluator for the project.

Advisory Committee and Site Visit Team Members

Members of the Advisory Committee provided guidance and oversight individually and
collectively throughout the project. Partial Advisory Committee meetings were held at the
summer and winter meetings of AAPT during the period 2002-2005. A complete Advisory
Committee meeting was held in April 2003 in between completion of the site visits and
preparation of Case Studies of the exemplary TYC physics programs. Additionally, two members
of the Advisory Committee served as resource personnel for the two conferences organized by
the project leadership, and one member of the committee served as a site-visit team member.
Committee members were also sent electronic status reports during the term between meetings.
The members of the Advisory Committee are listed below.

Advisory Committee Members

Alexander Dickison Seminole Community College

J.D. Garcia University of Arizona

Carolyn Haas Salem Community College

Jack Hehn American Institute of Physics

Ruth Howes Marquette University

Bernard Khoury American Association of Physics Teachers
Jim Palmer Illinois State University

Fred Stein American Physical Society

David Wilkinson* Princeton University

Susan Wood J. Sargeant Reynolds Community College

By design, each site visiting team (SVT) consisted of a physics faculty member from a two-
year college (also serving as team leader), a physics faculty member from a four-year institution
or an industrial physicist, and one of the project principal investigators. Twenty-four physics
faculty from both two-year and four-year institutions were recruited as potential visiting team
members and subsequently attended the Training and Planning Conference (TPC) held in June
2002 (See Table 2). Four “extra faculty” provided flexibility in the assignment of teams and the
scheduling of site visit dates.

The Purpose of Site Visits

The SPIN-UP/TYC site visits were designed to collect and report in-depth information
identifying and describing practices contributing to success in implementing and maintaining
programmatic change at two-year colleges. Interviews with faculty, students, administrators, and
alumni helped to verify and provide insight apart from institutional documentation concerning
indicators for academic success. The reports prepared by the site visit teams (SVTs) formed the
basis for the development of Case Studies of Exemplary Programs at Two-Year Colleges.

*  We note, with sadness, the untimely death of David Wilkinson

in September 2002. J.D. Garcia agreed to serve on the Advisory
Commitee in October 2002.
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Table 2.
Participants of the Training and Planning Conference

Maria Bautista Kapi'olani Community College Marv Nelson Green River Community College
Tim Dave Chabot College Thomas Olsen Lewis and Clark College

John Enger Northwest College Marie Plumb Jamestown Community College
John Griffith Linn-Benton Community College Chuck Robertson University of Washington

Sandra Harpole  Mississippi State University Conley Stutz Bradley University

Shannon Hart Applied Materials, TX and CA Rick Swanson Sandhills Community College

Bill Hogan Joliet Junior College Fred Thomas Sinclair Community College

Ruth Howes Marquette University Bill Waggoner Creighton University

Len Jossem Ohio State University Andy Wallace Angelo State University

Bill Kelly lowa State University David Weaver Chandler-Gilbert Community College
Todd Leif Cloud County Community College Denise Wetli Wake Technical Community College
Martin Mason Mt. San Antonio College Ali Yazdi Jefferson State Community College

In preparation for the site visits, the project directors developed five Core Research Questions
addressing the defined goals of the project and identified 10 Indicators of Success for an
exemplary physics program. These Core Research Questions and Indicators served as guidelines
for each visiting team as it prepared and conducted the visit as well as writing the report of its
findings.

After consulting with its Advisory Committee, the project leadership elected not to produce
one template for all site visits and team reports. It was their collective judgment that such a
template would not adequately accommodate the diversity of the colleges to be visited or the
difference in personalities of the visiting teams. It was also felt that a standard template might
inadvertently stifle the identification of factors contributing to the success of the TYC physics
program.

The Training and Planning Conference

The project directors organized the Training and Planning Conference (TPC) for all potential site-
visit team members July 25-27, 2002, at Trinity University in San Antonio, TX. (See Appendix B
for the agenda of this meeting.)

Conference goals (see Table 3) addressed two needs perceived by the project leadership.
Many of the university faculty recruited as site-visit team members had little or no experience
with two-year institutions or their physics programs. Also, many community college faculty
were not aware of the diversity among two-year colleges. Consequently, it was important that
some time be spent in identifying and examining the institutions and programs most likely to be
encountered during the site visits. Secondly, community colleges’ experiences with site visits are
typically limited to those conducted by regional accrediting agencies. The conference participants
were therefore engaged in activities that would help them convey to the visited administration
and faculty (1) that the site visits were being conducted to learn about the success of the physics
programs while at the same time (2) emphasizing that the 10 selected sites should regard
themselves as 10 exemplary programs, but not necessarily the “top 10.”
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Project Overview

Table 3.
Goals of the Training and Planning Conference

1. To discuss how the SPIN-UP/TYC project was a natural next step for
TYC21 and NTFUP/SPIN-UP activities;

2. To help participants define the role of site visits in identifying and describing
“best practices” in two-year college (TYC) physics programs; and

3. To train participants to collect and report in-depth information that can
be used to verify and explain information collected through formal and
informal surveys of TYC physics programs.

The participants analyzed the meaning of the SPIN-UP/TYC Core Research Questions
prepared by the project directors. Working in teams of three (one university faculty and two
community college faculty), the participants studied the Core Research Questions (see Table 4)
and proposed site visit strategies that could be used to address these questions.

Table 4.
SPIN-UP/TYC Core Research Questions

1. What type of classroom environments and course structures are effective in

preparing two-year college students for success

at the transfer institution? (academic/technology students)

in the workplace? (technical/technology/vocational students)

for self improvement? (non-credit students)
What activities and practices of the physics program and faculty effectively
address the educational and career needs of the diverse student population
characterizing two-year colleges?

2. What institutional and faculty activities and practices are effective in promoting
change
in the classroom?
in the physics program?

3. What institutional and faculty initiatives are effective in recruiting and retaining
STEM majors?

women and underrepresented populations?

future K-12 teachers, especially STEM teachers?

4. What formal (articulation agreements, bridging program courses) and informal
(professional interactions) mechanisms are most effective in insuring a seamless
transition for students from the two-year college to

the four-year institution?
the workplace?
both of these?

5. What institutional and faculty initiatives are effective in establishing cooperative
activities with local schools (pre-college), private and public?
civic clubs and/or youth organizations (e.g., Boy Scouts of America)?
the general public?
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The participants critiqued and refined SPIN-UP/TYC Indicators describing a successful TYC

physics program. Prior to the Training Conference, the project directors defined characteristics
that would identify “successful” physics programs at two-year colleges. During the second
session of the Training Conference, Jack Hehn led the participants in a discussion of the
indicators for a successful two-year college physics program and how the indicators might

manifest themselves during a site visit. An abbreviation of the 10 indicators is given in Table 5.
(Complete statements of the indicators are provided in Appendix A.)

Table 5.
Indicators of a Successful TYC Physics Program

SPIN-UP/TYC considers a two-year college physics program successful if:
1.

The enrollment in physics courses offered at the TYC is stable at a level that the
physics program and administration consider satisfactory or shows significant
and sustained growth toward that number.

Most of the students completing their physics studies in an academic program at
the TYC transfer to a four-year institution with many of the transfers pursuing a
bachelor’s degree in physics and physics education. Most of the students
completing physics studies in a technical program successfully receive an
associate in applied science degree or a certificate in a technical program, with
many students successfully finding employment in a field relating to their
technical studies.

Morale is high among physics faculty (full-time and part-time) and physics
students.

Other science, technology, engineering and math (STEM) faculty and the
divisional chairs, deans, and president respect the physics program and all
college students find the program attractive.

The physics faculty work cooperatively with STEM faculty and college
administration in the development and promotion of science-related events or
projects, on-campus and off, targeting the general college student population and
the college’s service community.

The physics faculty, in cooperation with other STEM faculty, attract and retain
women and underrepresented populations as STEM majors, particularly physics.

. The physics faculty regularly participate in on-campus and off-campus

professional development activities addressing introductory and/or technical
physics content and pedagogy.

. The physics program routinely assesses the needs and learning styles of its

students and their misconceptions concerning physics, and evaluates the success
of the physics program in addressing these needs and misconceptions.

. The physics faculty work cooperatively and collaboratively with the faculty of

science departments, engineering departments, and health-related programs of
four-year transfer institutions and representatives from business and industry
concerning course content and offerings in introductory and technical physics.

10.The physics faculty, in collaboration with other STEM faculty, provide courses

that recruit and target the science preparation of future teachers.

SPIN-UP/TYC Project Report
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The participants proposed a set of site visit protocol questions addressing the SPIN-UP/TYC
Core Research Questions and Indicators of a successful TYC physics program. Specifically
for this Training Conference, Jack Hehn developed four scenarios depicting four fictitious,

but representative, community colleges. Using collective dialogue and guided by the Core
Research Questions and Indicators, the faculty teams prepared questions that could be used in
the collection of data as well as identifying TYC personnel to whom the questions should be
directed. (See Appendix B for the four scenarios.)

An important point emerging from the discussion was the need to confirm the data collected.
That is, some of the same questions should target personnel at different positions within the
visited community college. It was also stressed that the team should work with the site hosts,
both before and during the visit, in identifying documentation that might be available confirming
the responses and thus strengthening the research aspects of the SPIN-UP/TYC project.

The conference teams conducted trial site visits and prepared reports of their findings. Two
groups of four teams conducted half-day visits to two nearby community colleges, Coastal Bend
College in Beeville, TX, and San Antonio College, San Antonio, TX. Prior to the trial site visit,
each team reviewed the responses to a Physics Program Questionnaire and other documentation
submitted by the host institution.

o Coastal Bend College (CBC) is a small, rural community college with a large minority
student population. At the time of the trial site visit, the college did not have a full-
time physics faculty member. Physics courses were taught by other STEM faculty. Ken
Stevenson was the local site host for the visit. The physics program at Coastal Bend
College is part of a math and science division and has no support personnel directly
responsible to the physics program.

e San Antonio College (SAC), in contrast to CBC, is a large, urban two-year college with
a sizable population of minority students. Jerry O’Connor was the local site host for the
visit. This college has three full-time physics faculty and several adjunct faculty. The
physics program at SAC is part of a physics and engineering department chaired by a
physics faculty member, and has support personnel directly responsible to the physics
program.

Due to the time constraints of the Training Conference, the trial visits were abbreviated in
duration and activities, and different members of each team investigated different aspects of the
college.

Working together, the conference teams prepared and critiqued site visit reports. After
returning from the trial site visits, each team prepared a site visit report. During the site visits,
members from each team attended different aspects of the visit. Therefore in writing their report,
team members combined individual observations and sometimes compared notes with other
teams on the same site visit.

Each team also prepared an oral report on one of the four areas of study: the general physics
program at the visited site, physics and STEM faculty, college administration and support staff,
and students. Two teams (one for each site visited) then presented their oral reports on the four
areas. The oral reports, critiqued by all the participants and a “panel of experts” (Jack Hehn,
Karen Johnston, and Bernard Khoury), produced a list of “17 lessons learned.” These lessons
addressed better ways to collect, verify, and report the information as well as interpret its value
with respect to the success of the physics program, (see Appendix B for the list).
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The participants reviewed the current documentation profiling TYC physics/physics programs
(e.g. 1998 AIP report on “Physics in the Two-Year Colleges”). Participants at the Training
and Planning Conference were given both pre- and post-conference assignments. The purpose of
the pre-conference assignment was twofold. The faculty selected to conduct site visits had quite
varied experience with two-year colleges. Therefore some of the pre-conference questions asked
the participants to review and report characteristics of students attending two-year colleges and
contrast these with students that might typically be found in four-year institutions. Additionally,
participants were asked to describe a typical two-year college. While the project directors
anticipated that some would answer according to their own experience, the directors anticipated
that the participants would reference documentation describing TYC physics programs and
students. Copies of these documents were made available to all participants.

Post-conference assignments asked participants to reflect on what they had learned or had
verified concerning physics programs at community colleges during the San Antonio meeting.
The participants were asked to comment on the difficulty they encountered in collecting data,
describing aspects of their own physics program in the pre-conference assignment. This question
was asked so that the teams would better understand the lead time and assistance the site hosts
might require from the visiting teams in providing requested documentation .

The answers to the special assignments were not as important as actually asking the questions
and the experiences each participant had in answering. The completion of the assignments
improved the awareness among the visiting faculty to the differences among community colleges
and differences between two-year institutions and four-year institutions.

Selection Process for the TYC Site Visits
The process to select the visited TYC physics programs involved four distinct steps.

1. The site selection criteria, finalized in September 2002, had two parts—general selection
criteria and specific selection criteria. The general selection criteria were concerned with:

® Diversity as to size of physics program,
® Diversity as to size of campus student enrollment and/or college district, and
® Diversity as to geographic location (including location within the country and site
status as to urban or rural area).
The specific selection criteria were concerned with

® Success in recruitment and retention of physics and other STEM students,

® Success in recruitment and retention of future teachers of science and math,

® Success in recruiting women and underrepresented populations,

® Success in implementing innovations, and

® Success in addressing the needs and learning styles of special student populations.
Additional information on the site selection criteria can be found in Appendix C.

2. The Site Selection Instrument (the site visit application form to be completed by colleges
volunteering for site visits) was finalized by mid-September 2002. (A copy of this form
is included in Appendix C.) Emails announcing the site visit program were sent to all
TYC physics faculty who were members of AAPT (more than 700) and approximately
1000 announcement letters were mailed to presidents of the community college members
of the American Association of Community Colleges, inviting them to complete and
submit the selection instrument. Individuals were asked to fill out the survey on-line but
could request a paper copy if they preferred. A total of 72 two-year colleges filled out
and submitted their completed instrument.
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The map below indicates in dark the states in which a two-year college submitted a
selection instrument. Responses were received from 30 states and one U.S. territory.

l.‘-’ 72 Responses
»

The project leadership, in consultation with the SPIN-UP/TYC Advisory Committee,
selected the TYC physics programs to be visited. Selection of the initial sites occurred
in late October 2002. Additional sites were selected in December and again in January
2003 after meeting with the Advisory Committee at the AAPT Winter Meeting in
Austin, TX. The selection of the sites was based on the selection criteria previously
described and the responses to the Site Selection Instrument. The project directors
developed a point system for the responses to the selection instrument that would
identify the stronger physics programs. The project leadership reviewed the responses,
both multiple choice and open-ended, for each high-ranking program and cross-

matched their reviews with the selection criteria and project goals before completing the
selection.

Once the sites were selected, the local physics program chair/coordinator was contacted
to see if they were still interested in being visited. Each program coordinator was sent
a package that contained a letter explaining the purpose of the visit, a contract, and
responses to the Physics Program Questionnaire (see Appendix D for copies of these
items). The contract had to be signed and completed before a site visit could officially
be scheduled. The Questionnaire solicited information about the physics program, its
students and faculty, as well as information about the college and the college’s service
community.

Subsequently, the project directors selected the site visit team members. In selecting the
team members, consideration was given to their geographic proximity to the two-year
college and the possible experience of the visiting faculty that would make him/her
particularly suited for the visit. Each team had a two-year college faculty member who
served as team leader, a university faculty member, and one principal investigator.

The Questionnaire and all requested documents had to be in the hands of the visiting
team at least two weeks before the scheduled visit. Once the project director received
the signed contract and the team members were confirmed, the team leader coordinated
all communication between the site host and the visiting team.
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The Site Visits

Prior to conducting a site visit, each visiting team member was provided with a Site Visit
Manual. The manual contained information about the site visit process, the site visit protocol, site
visit preparation, the actual site visit, the site visit report, and other relevant information. (The
manual’s Table of Contents can be found in Appendix A). In preparation for the site visit, each
team member was also sent the Program Questionnaire completed by the physics contact person
and other appropriate information such as college catalogs and brochures of special program
activities provided by the site host.

After a review of the mailed materials, but prior to the visit, the team leader and the site’s
contact person prepared the visit agenda as to tours and interviews and coordinated all travel and
hotel arrangements. Teams were encouraged to have phone conference calls before the actual
visit to discuss the characteristic of the physics program, what special interviews and tours should
be scheduled, what aspects of the physics program should especially be explored during the visit,
and additional documentation the team would like to see during the visit.

During the visit, the team met with students, staff, administration, the physics program contact
person, and other physics and STEM faculty. The visit included a tour of the physics program
area and other areas that the physics chair and team leader thought appropriate. Before the site
visit was completed, the entire team met with the physics contact person to convey their initial
findings and any other points that needed to be discussed. Most visits normally took one and a
half days.

The 10 TYC physics programs that were visited as part of the SPIN-UP/TYC project were

Estrella Mountain Community College, Avondale, AZ

Contact person: Dwain Desbien Date Visited: Dec. 5-6, 2002

Team: Mary Beth Monroe, Leader; Len Jossem; Tom O’Kuma; John Enger*
(Editor)

Green River Community College, Auburn, WA
Contact person: Keith Clay Date Visited: Feb. 27-28, 2003
Team: Martin Mason, Leader; Andy Wallace; Tom O’Kuma

Howard Community College, Columbia, MD
Contact person: Russ Poch Date Visited: March 20-21, 2003
Team: Marvin Nelson, Leader; Chuck Robertson; Warren Hein

Rose State College, Midwest City, OK
Contact person: Jim Gilbert Date Visited: March 27-28, 2003
Team: John Griffith, Leader; Conley Stutz; Tom O’Kuma

Mount San Antonio College, Walnut, CA
Contact person: Martin Mason Date Visited: March 27-28, 2003
Team: Maria Bautista, Leader; Ruth Howes; Mary Beth Monroe

*  John Enger served as a Team Leader in the preparation of site visits.
Unfortunately, at the time of the scheduled site visit he was unable to
travel to the site due to inclement weather. Therefore he served in an
advisory capacity as the site visit reports were prepared.
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Amarillo College, Amarillo, TX

Contact person: Art Schneider Date Visited: April 3-4, 2003

Team: Denise Wetli, Leader; Sandra Harpole; Mary Beth Monroe; and Karen
Johnston, External Evaluator

Delta College, University Center, MI
Contact person: Scott Schultz Date Visited: April 3-4, 2003
Team: Bill Waggoner, Leader; Tim Dave* (Advisor); Warren Hein

Gainesville College, Gainesville, GA
Contact person: J.B. Sharma Date Visited: April 13-14, 2003
Team: Todd Leif, Leader; Bill Kelly; Tom O’Kuma

Lord Fairfax Community College, Middletown, VA
Contact person: Bill Warren Date Visited: April 27-28, 2003
Team: Bill Hogan, Leader; Marie Plumb; Warren Hein

Miami Dade College, Wolfson Campus, Miami, FL
Contact person: Guillermina Damas Date Visited: May 29-30, 2003
Team: Rick Swanson, Leader; Shannon Hart; Mary Beth Monroe

The site visit reports were prepared according to the following scheme.

e The site visit team completed the draft of the site visit report within approximately
two weeks of the site visit.

e The team leader sent a draft report to the physics program contact person for his/her
review as to the factual correctness of the report. The contact person was asked to
return the report with any corrections noted within a week.

e After incorporating any corrections and/or revisions and upon approval by the team,
the team leader sent the finalized report to the SPIN-UP/TYC project director.

e The project director sent the final report to the program’s contact person and the other
SPIN-UP/TYC principal investigators.

The last report was completed in June 2003. All project personnel regarded the site visit
reports as confidential documents.

In April 2003, the Advisory Committee met with the project leaders at the American Center
for Physics in College Park, MD. Following a discussion of the project’s status, the members of
the committee made recommendations on the writing of the Case Studies and the final project
report of the findings of the site visit teams and the AIP Background Survey.

Preparation of Case Studies

Upon the completion of each site visit report, the principal investigators prepared draft Case
Studies for the sites they visited. After incorporating any changes suggested by the site visit team
leader, the “amended” Case Studies were sent to the physics contact person at each visited site.
Upon receiving input from the site hosts, the Case Studies were finalized. Each site visit resulted
in the development of a Case Study.

*  Tim Dave served as a Team Leader in the preparation of site visits.
Unfortunately, at the time of the scheduled site visit he was unable to
travel to the site due to inclement weather. Therefore he served in an
advisory capacity as the site visit reports were prepared.
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Writing and Planning Conference

A special Writing and Planning Conference (WPC) was held June 26-29, 2003, in Dayton, OH, at
the Sinclair Center. The goals of this working conference were to

e Discuss the findings in the Case Studies and the formats/models used for each study,

e Review and comment on the findings of the AIP Background Survey of TYC physics
programs,

e Define the target audience for the SPIN-UP/TYC Final Report,
*  Prepare a skeleton draft of the Final Report, and

e Make recommendations concerning the appropriate next steps for the TYC physics
community.

The project leadership envisioned this meeting to be an intense working conference to
deliberate and articulate what the Case Studies and the AIP Background Survey revealed
concerning best practices among TYC physics programs. Therefore, they carefully selected a
small group of participants from among the faculty who served on site visit teams and attended
the Training and Planning Conference. Participants included the three principal investigators,
six two-year college and four-year college physics faculty, Jack Hehn as Project Consultant, and
Karen Johnston, Project Evaluator (See Table 6). The completed Case Studies and the AIP report
of its survey findings were sent to the WPC participants for their review prior to conference time.

Table 6.

Participants of the Writing and Planning Conference
John Griffith Linn-Benton Community College
Sandra Harpole Mississippi State University
Warren Hein American Association of Physics Teachers
Mary Beth Monroe Southwest Texas Junior College
Marv Nelson Green River Community College
Tom O'Kuma Lee College
Bill Waggoner Creighton University
David Weaver Chandler-Gilbert Community College
Denise Wetli Wake Technical Community College

During the first two introductory conference sessions, the principal investigators explained
the goals and outcomes of the conference and reviewed the actions of the project to date. At
this time, the participants shared their first thoughts concerning the reasons contributing to the
success of the 10 programs visited and apparent common characteristics among these exemplary
programs.

To facilitate the working nature of this conference, the principal investigators defined specific
outcomes for the meeting but did not prepare a rigid agenda for the meeting. Instead, after the
initial sessions, project leaders asked conference participants to establish the working plan for
the weekend meeting. In response to this assignment, the participants refined the goals of the
conference, producing a set of “seed” ideas for study and discussion throughout the conference:
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*  What are the main topics for the final report?

*  What are some of the “key ideas” about two-year colleges the audience needs to know?
*  What makes an exemplary TYC physics program?

*  What impact do we want the final report to have?

The formulated working plan consisted of three writing teams of three members each (two
TYC physics faculty and one four-year college physics faculty), working in two- to three-hour
writing sessions on specified topics. One member of each team was a principal investigator who
served as the team’s scribe. Between writing sessions, the conference participants reconvened for
a roundtable discussion to share what each team had written and new points they felt should be
included in the project report. These periodic roundtable discussions were extremely valuable in
providing insight into the lessons to be learned from the Case Studies as well as providing advice
regarding the content and format for the SPIN-UP/TYC final report.

Upon a review of their initial discussions, the participants recognized that the characteristics
of the successful physics programs could be divided into three categories: a focus on students, a
focus on administration, and a focus on physics faculty. During the first set of writing sessions,
each team prepared a report on one of the three focus categories. As the writing and the round-
table discussions progressed, the participants identified additional ideas that should be addressed
in the final report. The additional ideas eventually converged to define three new sections to
be written by the teams: a description of the two-year college (its similarities and differences
in comparison to four-year institutions); what constitutes a TYC physics program (a report of
the typical organizational structure of a two-year college); and the TYC involvement with K-12
education (a description of the TYC physics courses and course sequences specifically addressing
the science preparation of future pre-college teachers).

By the conclusion of the Writing Conference, the writing teams produced good draft
reports (three to five pages in length) on each of the six assigned writing topics that captured
the essential points of the conference discussions. The roundtable discussions profiled the
target audience for the report to include all TYC physics faculty and TYC presidents, physics
departments at four-year colleges and universities, select leaders of professional science and math
organizations, and select government and funding agencies.

During the concluding session of the conference, the participants proposed activities that
would be appropriate “next steps” for the two-year college physics community. Their suggestions
included:

e A follow-up project to SPIN-UP/TYC to conduct at least 10 more site visits to TYC
physics programs, especially to those at technical colleges;

* A series of professional development workshops on the “best practices” evidenced in the
10 site visits;

e A conference for TYC physics faculty and their administrations;

*  Alarge array of projects at AAPT addressing different critical issues at two-year
colleges;

* A meeting of two-year college physics faculty held in tandem with a national AAPT
meeting, akin to the tandem meeting held in recent years by the Physics Education
Research community; and

* A strategy to determine the impact of recent TYC projects and workshops on classroom
teaching and student learning.
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Following the Writing and Planning Conference, the project leadership revised the Case
Studies according to the recommendations emanating from the conference. The Case Studies
were posted on the AAPT website in November 2003 at http://www.aapt.org/Projects/
spinup-tyc-casestudies.cfm.

2 Jaxdeyd

AIP Background Survey of TYC Physics Programs

Development of the questions for the AIP Background Survey began in early summer 2002. A
preliminary form of the survey was presented to the TPC (Training and Planning Conference)
participants in July 2002 and the Advisory Committee in August 2002. Using input from the TPC
participants and the Advisory Committee members, the project leadership developed a draft of
the survey by mid fall 2002. After meeting with Michael Neuschatz of AIP’s Statistical Research
Center (SRC), the final survey was completed by early spring 2003 and was posted on the AIP
website. A copy of the survey can be found in Appendix F.

® AIP selected one in four TYCs nationwide, yielding a sample of 263 TYCs, of which
178 responded to the survey (67%). This group became the “Sample Schools” in the
survey results.!0

In this sample of 263 TYCs were a few of the TYCs that had completed the Selection
Survey Instrument (SSI). To get adequate numbers from the TYCs that had completed
the SSI, AIP then surveyed all the SSI colleges.

® Of the 70 TYCs who had filled out the SSI, 65 completed the background survey (93%).
This group became the “Pool Schools” in the survey results.

® Finally, AIP also surveyed the 10 TYCs that had been visited as part of the SPIN-UP/
TYC project. By the time the survey closed, nine of the 10 TYCs visited had completed
the survey. This group became the “Visited Campuses” in the survey results.

Some very preliminary results of the survey were presented to the Advisory Committee
meeting in late April 2003. The first complete draft results were available at the WPC in June
2003. The final results were presented to the project leadership in September 2003. The final
report was placed on the AIP website in April 2004 at: http://www.aip.org/statistics/trends/
undergradtrends.html. The Case Studies and the AIP Findings of the Background Survey of Two-
Year College Physics Programs were published by AAPT in booklet form in January 2004.10 To
date, more than 1100 copies have been distributed nationwide. The 10 Case Studies and the AIP
Background Survey Findings are published in Chapter 5 of this major report.

Additional Site Visits

In the fall of 2004, the project directors organized three additional site visits to two-year colleges.
One of these site visits was to a TYC having a large African American student population and
two site visits were to technical TYCs training students for immediate entry into the workforce.
The project directors felt that these visits would provide more in-depth information regarding

the impact that the two-year college community has on the recruitment and retention of
underrepresented groups as well as the training of students to enter the workforce.

SPIN-UP/TYC Project Report 21



Project Overview

The three TYC physics programs that were visited were:

Prince George’s Community College, Largo, MD
Contact Person: Scott Sinex Date Visited: Oct. 27-28, 2004
Team: John Griffith, Leader; Warren Hein

Florence-Darlington Technical College, Florence, SC
Contact Person: Joshua Phiri Date Visited: Nov. 4-5, 2004
Team: Marvin Nelson, Leader; Tom Olsen; Tom O’Kuma

Wake Technical Community College, Raleigh, NC
Contact Person: Rob Kimball Date Visited: Nov. 4-5, 2004
Team: David Weaver, Leader; Ruth Howes; Mary Beth Monroe

Each visiting team prepared a report of its visit. Following a review by the physics contact

person at the site program, the team completed the report and submitted it to the project directors
by December 2004.
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Chapter 3

Best Practices

During the SPIN-UP/TYC Writing and Planning Conference in the summer 2003, two-year
college and university physics faculty reviewed the Case Studies of the site visits conducted from
December 2002 to June 2003 and the findings from the 2003 Background Survey of Two-Year
College Physics Programs. Their studies (which were similar to conclusions from the 10 site

visit teams) produced three sets of “best practices” contributing to the success of these physics
programs. They are characterized as “a focus on faculty,” “a focus on students,” and “a focus on
the relationship between faculty and administration.” Two site visits conducted during the fall

of 2004 provided further insight contributing to the identification of “best practices of two-year
colleges serving technical programs in physics.”

Focus on Faculty

A key for a successful physics program is its enthusiastic and energetic faculty committed to the
successful transition of students to other institutions and the workplace. Each of the 10 two-year
college physics programs visited had one or more enthusiastic and energetic faculty member. The
exemplary physics programs are defined by committed faculty, with supportive administration,
who seek and utilize resources to provide a physics program that integrates proven instructional
strategies and includes student program enhancement activities.

Characteristics that contribute to the success include:
*  Collegiality,
e Sustained faculty leadership,
e  Reform at the local level,
*  Attention to pedagogy,
e Recruitment and retention,
*  Opportunities for professional development, and

e Scholarship and networking

For a single-person department/program, this wide variety of characteristics is particularly
difficult to attain since the physics faculty member has to administer the entire physics program
alone. For multi-person departments/programs, the wide variety of activities and interests
can be shared with physics faculty colleagues. According to a recent AIP report! on Physics
in the Two-Year Colleges: 2001-2002, most two-year college physics programs have a small
number of faculty. The findings of the 2001-2002 report (which were similar to a 1998 AIP
report?), indicates that 61% of all two-year colleges (TYCs) have one or less full-time physics
faculty members, 25% have two full-time faculty, and 14% have three or more full-time faculty
members. Five, or 50%, of the TYC physics programs visited as part of the SPIN-UP/TYC

SPIN-UP/TYC Project Report 23



Best Practices

project were one-faculty programs, three (30%) were two-faculty programs, and two (20%) had
three or more faculty programs.

Collegiality

All two-year college physics programs visited during the SPIN-UP/TYC project cited the
importance of interactions with colleagues, administration, and students as necessary
components for developing and sustaining a vibrant physics program.

Administration “buy-in” to the physics program can lead to cooperative efforts for desired
program changes. The administration of Estrella Mountain Community College (Maricopa
Community College District in Arizona) collaborated with existing STEM faculty to develop
criteria for hiring the first full-time physics faculty member there. The administration and science
faculty wanted a person who advocated inquiry-oriented learning® and would continue to seek
professional pedagogical growth after being hired. The administration continues to be receptive
to program change that is initiated by the faculty and works cooperatively with them to provide
necessary resources.

At Florida’s Miami Dade College, Wolfson Campus (MDC), the administration encourages
and supports a variety of physics program changes, including requests for new technology to
provide cutting-edge technology skills for students and requests for internal resources (financial
and physical) to accommodate programmatic changes. To implement microcomputer-based
laboratories (MBL) at MDC, the faculty first obtained external funding through a National
Science Foundation (NSF) grant in 1994 to buy computers and equipment. Later, through internal
allocations, the MBL was upgraded and expanded, accommodating the faculty’s experience and
training in the usage of microcomputer-based laboratories. In 2002 these labs were equipped with
new computers, new interfaces and sensors, additional analysis equipment, a computer projection
system, document viewer, and other media. Additionally, the laboratory facility was extensively
modified to better accommodate MBL usage and presentation.

At Gainesville College (University System of Georgia two-year institution), the administration
has empowered deans, division chairs, and program directors to experiment, develop new ideas
and programs, and receive training for the betterment of education and teaching in general. This
“shared governance” has substantially enhanced the physics program. When designing their new
science building which houses the physics program, faculty were given resources to tour other
facilities and to work with external Project Kaleidoscope** faculty in developing a “state-of-the-
art” science building.

Supportive STEM faculty can lead to a supportive atmosphere and even interdisciplinary
collaborations. At Amarillo College (AC) in Texas, five physics faculty also have program
responsibilities in astronomy, geology, computer science, mathematics, and engineering. The
AC faculty feel their involvement in these similar program areas has helped develop a stronger
physics program. Another example of interdisciplinary collaborations reported by site visit teams

*  The inquiry-oriented learning desired was an “active engagement” of students in the
scientific process and not just the “traditional” lecture and laboratory approach. The
faculty member who was employed uses a “studio approach” that blends together
both lecture and laboratory activities in a seamless approach.

**  Project Kaleidoscope is an informal national alliance working to build strong
learning environments for undergraduate students in mathematics, engineering and
the various fields of science.
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includes the supportive geology instructor at Howard Community College (Maryland) who was
instrumental in developing an inquiry-based physics course for future teachers. At Green River
Community College (Washington), several faculty developed a three-quarter course sequence for
future pre-college teachers, incorporating inquiry-based curriculum. This sequence, designed by
physics, geology, chemistry and biology faculty, has an integrated, activity-based curriculum that
prepares students to teach science at the elementary and middle school levels.

During many of the SPIN-UP/TYC site visits, students interviewed cited “caring teachers”
and “faculty enthusiasm” as important ingredients contributing to a successful experience in
physics. Students at Rose State College (Oklahoma) feel a sense of ownership in the physics
program because of the extensive faculty-student interactions. These interactions occur daily as
faculty make themselves available at all times while they are on campus for students, both in
curricular and extracurricular activities. Physics students participating in honors projects enhance
the student “buy-in” of the physics program. For the last three years, a physics student has been
awarded the best honors project in a college-wide competition.

Sustained Faculty Leadership

The leadership for many successful physics programs is provided by one faculty member with
significant experience.

Experience not only includes years of teaching and service to the college, but more importantly
“soft skills” (team building, communication, collaboration, relationships with constituents), and
involvement in professional development activities that promote a focus on student learning and
contribute to successful K-12 teacher preparation and outreach. For example, the physics faculty
member at Howard Community College (HCC) in Maryland has been teaching physics there

for 31 years. Using professional development opportunities to learn about technology in the mid
1980s, this faculty member was able to convince administration to convert the physics laboratory
to a microcomputer-based laboratory. By participating in a number of campus, regional, and state
committees, this faculty member also built support for a strong pre-service elementary education
teacher program at HCC. Similar sustained leadership at Lord Fairfax Community College
(Virginia) led to changes and growth in their physics program.

Physics programs that report several full-time faculty members may include faculty whose
responsibility is not only teaching physics but also teaching other disciplines. As previously
described, Amarillo College (Texas) has several faculty who teach physics as well as other
STEM disciplines. They have built a successful program in part due to their diversity and the
experiences that the multi-discipline faculty bring to the physics program. AC also uses an
adjunct faculty member (a retired physics teacher from the Amarillo school district) to serve as a
consultant to the teacher preparation program and to coordinate the students’ experiences with in-
service teachers.

The role that faculty enthusiasm and commitment plays in successful programs underscores
the importance of preparing for sustaining faculty leadership in physics over a long period of
time. The Rose State College Case Study (Oklahoma) indicates a program can die without, and
be revived with, faculty leadership. Prior to 1999, the physics program at RSC had practically
disappeared because it did not have enough classes to make a full load for a physics faculty
member. Since his hiring in the fall 1999, James Gilbert has steadily increased the physics
enrollment so that a second full-time physics faculty member was hired in the fall 2002 and now
adjunct faculty are needed to teach additional classes.

A successful transfer of leadership is necessary if a physics program is to remain strong
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during a transition in senior faculty. The colleges visited by SPIN-UP/TYC teams experienced
such successful transfers with designed plans of action that incorporated commitments from
the college administration to support activities to develop new leadership and to implement
programmatic change when warranted.

Green River Community College (Washington) crafted a plan for its transfer of leadership
when a 30-year veteran faculty member retired. During the five-year process, a new faculty
person was “groomed” for the physics program leadership role. The faculty at both Delta College
(Michigan) and Mount San Antonio College (California) had many years of experience and
for that reason each college chose to hire new faculty to begin the transition of leadership to a
younger faculty.

Reform at the Local Level

A strength of the two-year college is the flexibility two-year college faculty have to implement
program innovations and changes without multiple layers of an approval process.

Usually TYC faculty have the authority to make programmatic changes that do not require
money or the use of additional college facilities. However, any changes must be consistent with
the mission of the institution and be compatible with transfer institutions or programs. This
flexibility extends to incorporating innovations that fit individual teaching situations and student
populations. According to the Survey of Two-Year College Physics Program3 conducted by the
AIP Statistical Research Center:

*  47% of two-year colleges engaged in some programmatic change during the last five
years.

+  Of the TYCs that completed the SPIN-UP/TYC Project’s site selection survey,*
75% have engaged in programmatic changes during the last five years.

e Of the 10 TYC sites visited, all (100%) have engaged in programmatic changes during
the last five years.

The data (collected from the 2003 AIP Background Survey”) reported in Table 7 indicates
what type of physics course was most frequently impacted by curricular changes at the surveyed
two-year colleges. [Note: “Sample TYCs” refer to all the TYCs that responded to the AIP survey
(January 2004) including some from the ‘“Pool” TYCs. “Pool” TYCs refer to all TYCs that
completed the Site Selection Instrument. “Visited Campuses” represent the TYCs visited as part
of the SPIN-UP/TYC Project.] Reform efforts are more common for the “transfer courses,”
which include the conceptual physics course, the algebra/trigonometry-based physics course, and
the calculus-based physics course. A majority of two-year colleges visited during the SPIN-UP/
TYC Project made curricular changes in the pre-service education course for K-12 teachers.

Table 7. Type of Physics Course Most Frequently Impacted in Curricular Changes

Responding TYCs Sample TYCs Pool TYCs Visited Campuses

Of TYCs that made a change, type of

physics course changed:

Conceptual 48% 39% 56%
Algebra/Trig. based 75% 92% 89%
Calculus based 69% 86% 100%
Technical 31% 43% 44%

For K-12 teachers 19% 37% 89%

Other 15% 10% 1%
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Also from the 2003 AIP survey,® Table 8 indicates where the most frequent aspect of change to
the curriculum was made. The introductory physics laboratory was the most common area where
curricular changes were made. However, the majority of all responding TYCs made pedagogical
changes in their courses: 51% at the “Sample” TYCs, 74% of the “Pool” TYCs and 100% of the
Visited Campuses.

Table 8. Most Frequently Indicated Aspect of Change to Curriculum

Responding TYCs Sample TYCs Pool TYCs Visited Campuses

Of TYCs that made a change, % that:

Added course 45% 39% 56%
Removed course 18% 10% 0%
Changed course content 33% 55% 56%
Changed course pedagogy 51% 74% 100%
Upgraded lab equipment 60% 76% 89%
Revised lab content 55% 71% 78%

For example, when the new physics faculty member at Estrella Mountain Community College
(Arizona) was hired in 2001, he decided to implement a Modeling Approach” in all the physics
classes. He also implemented a class management technique known as Modeling Discourse
Management which he had developed during his dissertation work. This pedagogical strategy*
has become very successful for him resulting in increased enrollment, high retention, and
exceptionally high student assessment scores. Using this pedagogical approach, EMCC has had
over 90% retention of students during the last two years. In using assessment instruments such
as the Force Concept Inventory (FCI), the Mechanics Baseline Test (MBT), and the Conceptual
Survey of Electricity and Magnetism (CSEM), EMCC physics students have scored much higher
than national averages— .69 and .60 normalized gains on the FCI for calculus-based and algebra/
trigonogne(t)ry—based students respectively; post-test averages of 72% on the MBT; and 71% on the
CSEM .31

Another example of reform can be found at Lord Fairfax Community College (Virginia). The
physics instructor attended a professional development workshop, returned to his college, and
immediately began to teach all his physics courses in the style of Workshop Physics.!! Although
his student evaluations initially dropped, they improved overtime as the approach worked well
for his students. This pedagogical change has led to more student interest and higher student
performance on national assessment instruments.3-10

At Amarillo College (Texas), programmatic reform is strongly supported by the administration.
During interviews between the site visit team and the college’s vice president and dean of
instruction, the administration described their style as “hiring of good people and giving them
support to carry out their job.” The administrators characterized the general attitude of the college
as one of having “no fear of failure; the fear is not to try.”!2

*  Modeling Discourse Management is a student-centered management that focuses
on the epistemology of science. Modeling discourse is social constructivist in
nature and was designed to encourage students to present classroom material to
each other. In modeling discourse management, the instructor’s primary role is of
questioner rather than provider of knowledge.
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Many of the visited programs implemented pedagogical reform with funding from their own
institutions. Physics faculty at Gainesville College (Georgia) and Miami Dade College, Wolfson
Campus (Florida) attended workshops on microcomputer-based laboratories (MBL) and upon
their return were able to convince their administrations of the virtues of MBL. Within a year,
each physics program had a fully equipped MBL laboratory. The instructor at Gainesville College
also redesigned the physics laboratory room to accommodate his modular adaptation of MBL
with all his physics classes.

Two-year physics faculty can respond relatively quickly not only to the changing needs of the
students enrolled in physics, but also to the needs of other academic programs serviced by the
physics program. For example, at Delta College (Michigan) a new course, Ultrasound Physics,
was developed for students in the sonography program. This two-credit hour course is taught in
a half-semester with a second half-semester course on the same subject taught by an ultrasound
technician. At Green River Community College (Washington) a special course in electricity and
magnetism was created for physics and electrical engineering majors to better prepare them for
their upper-division undergraduate courses once they transfer to a four-year institution. At Rose
State College (Oklahoma), a special two-credit hour advanced laboratory course was created to
provide additional laboratory experiences for physics and engineering majors.

Several of the visited two-year colleges have created special courses or programs for the
training of future teachers. For a discussion of these see “Two-Year College Involvement with
Teacher Preparation” in Chapter 4.

Attention to Pedagogy

One of the characteristics that contributes to the success of a two-year college physics program
is the ability of the faculty to devote attention to pedagogy.

From the AIP “2003 SPIN-UP/TYC Background Survey of Two-Year College Physics Programs”
report,? preparing students for transfer was rated as the principal priority of the majority of the
TYC physics programs surveyed. The responses ranged from 72% of the Sample Schools to
100% of the Visited Campuses. In tune with this emphasis, many TYCs have implemented a
number of curricular changes.

The 2003 AIP Background Survey reports that an average of 9.3 curricular changes were
made during the last five years at the Visited Campuses, 5.2 changes at the Pool Schools and 2.3
changes at the Sample Schools. Furthermore, this AIP report “reveals the greatest differences
between the three categories of schools were in areas like changes in the pedagogical approach
used in conceptual physics courses, which were found in roughly two-thirds of the Visited
Campuses, one third of the Pool Schools, and less than a fifth of the Sample Schools.”!3 In the
revision of laboratory curriculum for the calculus-based introductory course, “revisions were
undertaken by two-thirds of the Visited Campuses, over one-half of the Pool Schools, and less
than a third of the Sample Schools.”!3

Additionally, the 2003 AIP Background Survey shows “that the most widely taught courses,
calculus-based and algebra/trig-based introductory physics, are most likely to be the subject of
reform efforts.”4 However, it is worth noting that the largest contrast is in the proportion of
site-selected schools that had added and/or revised the content of courses aimed specifically at
introducing physics to K-12 teachers. This report also states “that laboratories are most often the
focus of reform efforts, specifically involving major revisions in lab curriculum and/or upgrades
in equipment.” 14
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At Green River Community College (Washington), this emphasis on pedagogy has evolved
over the years to the point where all physics courses are taught using the inquiry method. All
faculty, including both full-time and adjunct faculty, use the active engagement method as well.
The physics faculty are so convinced that this pedagogical method leads to superior results that
they will only hire new faculty who are committed to teaching by inquiry. GRCC successfully
transfers a large number of engineering, physics, and other STEM majors who have been taught
using the inquiry approach. In a recent survey of its transferring engineering and physics majors,
GRCC reports that 94% intend to get a baccalaureate degree in a STEM field and 54% plan to
pursue an advanced degree. The physics program at GRCC also credits the inquiry approach for
improving its retention rates: more than 80% in the calculus-based sequence and more than 80%
in the interdisciplinary science sequence for future teachers.!3

At Mount San Antonio College (MSAC) in California, the physics program also places a
high emphasis on the pedagogy in its physics courses. The physics faculty have successfully
implemented inquiry-based activities within all physics levels. The conceptual physics course
uses materials adapted from Physics by Inquiry and CASTLE in an integrated lecture/lab
format.!6-17 The laboratory section of algebra-based physics uses interactive materials from
RealTime Physics'® and Workshop Physics.!! The third semester of calculus-based physics has
introduced Just in Time Teaching'® with desktop experiments, McDermott’s Tutorials?® and
white boarding.* Initial assessment tools show positive gains in student learning. The physics-
engineering faculty have biweekly department meetings where they share information about what
works and what will not work in the laboratory exercises or share ideas on methodology. Lecture
notes, belonging to all faculty teaching the same course, are available to all enrolled students.

Recruitment and Retention

In addition to institutional recruitment activities, most of the visited two-year colleges have
a recruiting program that seeks to attract students to STEM fields and emphasizes the
recruitment of underrepresented groups.

Preliminary findings from the 2003 AIP Background Survey of Two-Year College Physics
Programs? indicate that Visited Campuses have a higher average of recruitment and retention
activities than Sample Schools (3.3 activities as compared to 1.2). Specific strategies targeting
K-12 teachers and students for visited campuses are substantially larger than Sample Schools.
Forty-four percent of the Visited Campuses offer summer workshops for K-12 students as
compared with 8% of the Sample Schools. Student or faculty visits to local schools were reported
by 44% of the Visited Campuses while only 23% of the Sample Schools promoted such visits.
Workshops for local K-12 teachers are important recruitment activities for 56% of the Visited
Campuses. Only 10% of the Sample Schools conduct K-12 teacher workshops.

An effective method of recruitment reported by Visited Campuses is “word of mouth”,
evidence of the success of physics programs and high regard for the education provided by
the institutions to their students. Mount San Antonio College (California) actively recruits
students from the local high schools. Its Society of Physics Students conducts a High School
Outreach Day. At Gainesville College (Georgia), the Society of Physics Students (SPS) works
with the faculty to conduct science education activities for the community and K-12 schools,
including science shows and professional development opportunities for K-12 teachers. At Green

*  White boarding in this context is the use of a white board by a group to
discuss and write down a solution to a posed question. The solution is
then shared with the rest of the class by the students of the group.
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River Community College (Washington), the SPS chapter was recently revived and presented
demonstrations at local high schools to recruit future students. Rose State College (Oklahoma)
physics faculty visit local schools with a traveling science show that is used as a recruitment tool.

Estrella Mountain Community College (Arizona) hosted an NSF-funded symposium?! for
two-year college STEM faculty from Hispanic-Serving Institutions (HSI). The proceedings of
this symposium highlight the educational needs of a growing Hispanic student population and
describes the best practices of HSIs.

Several two-year colleges have received NSF Computer Science, Engineering and
Mathematics Scholarships (CSEMS) grants. The CSEMS program at Amarillo College (Texas)
attracted 51 CSEM majors from the fall 2000 to spring 2003. Forty-eight percent of these students
are minority students. Florida’s Miami Dade College, Wolfson Campus, has had two CSEMS
scholarship programs, increasing the visibility of the Wolfson Campus within its local community.
Forty CSEMS scholarships were awarded during the first NSF funding term in 2000. The physics
enrollment for the Wolfson Campus for the fall of 2001 displayed a marked increase, indicating
that the NSF award was serving as a positive recruitment tool for the physics program. Twelve
of the CSEMS student graduates received scholarships to universities in the fall 2003. Seventy
students received CSEMS scholarships in 2002. Due to improved screening of the candidates
for 2002, the physics faculty anticipated that the student performance and retention among these
scholarship students would be higher.

The findings of the SPIN-UP/TYC site visit teams substantiate that a supportive and open
environment for student learning successfully impacts the retention of students in physics courses.
These reports also reveal how the faculty play an important role in creating a sense of community
or family for physics students. They are accessible to students and foster learning environments
in which the students are actively engaged. In several cases, faculty offices are located in close
proximity to student lounges, work areas, or laboratories. The administration at Miami Dade
College, Wolfson Campus, attribute the high retention rate of their students in physics courses
(a range of 78.8% in basic physics to 95% in noncalculus physics) to improved student attitudes
about the physics programs brought about by innovations in teaching, improved laboratory
facilities, and increased use of technology.

The Mount San Antonio College (California) faculty have designated a room centrally
located among the faculty offices as a study room for students. The study area is well used and
is equipped with computers, Internet access, whiteboards, and reference materials. Students
(typically four) actively tutor and mentor other students either as student instructors in the
college’s Supplemental Instruction Program or as departmental tutors/lab assistants. At Rose
State College in Oklahoma, the faculty open the physics laboratory during non-instructional time
periods, making it the central place for students to meet. Students have access to not only the
faculty, but also computers with Internet access and instructional software for use in their classes.

Based on their interviews with students, the site visit teams confirmed that faculty advising
and mentoring contribute to the students’ successful retention. At Green River Community
College (Washington) students are assigned to a faculty advisor in their discipline. Students at
Amarillo College (Texas) must see the division chair before they are allowed to register for
classes. These required visits help to guarantee that students are placed in the correct courses and
at the appropriate level to meet their entry-level skills and expressed majors or fields of study.

In addition these visits foster interactions between the faculty and students that continue beyond
registration.
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Opportunities for Professional Development

Faculty in exemplary programs take advantage of institutional support for professional
development activities both on and off campus.

Participation in national meetings and workshops introduces faculty to teaching innovations and
develops networking capacity. All of the Visited Campuses provide a variety of professional
development (PD) support opportunities for their faculty. In turn, the faculty at all sites

are interested in and participate in a number of PD opportunities. On-campus professional
development is planned with input from faculty. Many of the Visited Campuses provide on-
campus PD opportunities for both full-time and part-time faculty. Sabbatical opportunities are
generally available at every TYC, but the availability and design of the sabbatical policies vary
greatly among institutions.

¢ 1odeyd

At Amarillo College (Texas), professional development is required for promotion and tenure,
and faculty are granted semester or year-long sabbaticals. All new faculty are required to take a
sequence of four courses taught by West Texas, Texas A&M, and Texas Tech Universities that
provide an orientation to the culture, mission, and objectives of community colleges. On-campus
professional development is planned jointly by faculty, administration, and staff and includes
significant training in the use of media technology. Three of the AC faculty have participated in
multi-year professional development programs to enhance their innovative teaching methods and
uses of instructional technology in their physics program.

Green River Community College (Washington) provides professional development funds
for full-time faculty and part-time faculty. These funds can be used for workshops, travel to
professional activities, and other professional development opportunities. Recently, two of the
GRCC part-time faculty received PD funds to develop optics materials for their conceptual
physics classes. Mount San Antonio College (California) encourages participation in regular
professional development activities and provides support for attending national meetings.

Delta College (Michigan) provides $825 per year to every full-time faculty member to use for
faculty development. Additionally, Delta College provides support for curricular improvement
in the form of grants and release time. Faculty at Gainesville College in Georgia regularly
participate in on- and off-campus professional development, hosting and attending AAPT section
meetings and attending Project Kaleidoscope conferences. All faculty (including adjunct) at Lord
Fairfax Community College (Virginia) are eligible for up to $550 of PD funds, and additional
travel monies are available through other resources.

There are a variety of professional development opportunities available for two-year college
faculty—some permanently established and some temporary. Professional organizations, such
as the American Association of Physics Teachers, provide on a permanent basis a number of
PD opportunities at its national and sectional meetings. There are a number of funded grants,
primarily through the National Science Foundation, that provide PD opportunities for TYC
faculty for a limited time period. Some grants have provided PD opportunities to TYC faculty
over a fairly long period of time. Projects that have received funding over a long period include
the Chautauqua series, the Two Year College Physics Workshop Project,?2 and the Physics
Enhancement Project for Two Year College Physics Faculty.?3

Scholarship and Networking

Scholarship in the context of a two-year college is a process of instituting, evaluating, and
reporting curricular or pedagogical change made in a physics program.

Scholarship is a very important feature of the exemplary programs visited by SPIN-UP/TYC
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teams. Reporting instructional changes implies that some level of networking is occurring.
Multiple-person departments have a convenient “built-in” network. The biweekly meetings of the
physics-engineering faculty at Mount San Antonio College (MSAC) is a good example of an in-
house network. Members of small departments often must look outside their own department for
networking opportunities, such as their STEM colleagues and regional and national professional
groups. The TYC2124 program of AAPT established several regional and national networks
across the country. These networks were an effective communication system for many people in
the TYC physics community for years. (The creation of a national network of smaller, regional
networks by the TYC21 Project is detailed in its monogram, A Model for Reform.?>)

AAPT provides a more permanent venue for TYC scholarship and networking through a
variety of services. AAPT offers national and sectional meetings where many two-year college
physics faculty report on their curricular or pedagogical changes. Networking opportunities exist
through the Committee on Physics at the Two-Year College (CPTYC) which has a listserv and
occasional publications.2® AAPT has scholarly journals?” in which TYC faculty can, in a more
permanent manner, report curricular or pedagogical changes. A product of the TYC21 program
was the continued special emphasis on TYC scholarship through activities sponsored by the
CPTYC. These activities include sponsoring workshops, sessions, cracker barrels, and a TYC
resource room at national AAPT summer meetings.

Findings from the 2003 AIP Background Survey indicate that nearly 50% of sampled
TYCs and all of the TYCs visited reported involvement in curricular or pedagogical changes.
While many faculty at TYCs are involved in change, few of their results appear in print or are
communicated to their colleagues.
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Focus on Students

Two-year colleges (TYCs) are well placed in the higher education community to help students
make the transition from high school to college. The supportive environment provided by an
institution close to the students’ home and family are especially important to the success of non-
traditional students, women, and minority students who are underrepresented in STEM (science,
technology, engineering, and mathematics) majors. In fact, students who are typically considered
a minority (Hispanics, Native Americans and African Americans) might actually form a majority
population on some two-year campuses such as the tribal colleges and Hispanic-serving
institutions. The support provided by family and friends in these community environments
frequently makes the difference between a student being able to complete a baccalaureate degree
and one who drops out of the higher education system.

An outstanding physics program that supports and encourages students to pursue a STEM
major will focus on all students and have the following characteristics:
* A nurturing classroom environment,
* A welcoming social environment,
e Co-curricular activities that support the academic program,
e A support system including faculty and peer mentors/tutors,
*  Aplan to assess student learning and program improvements, and
* A plan for student advisement that includes career and transfer advising.

Each of these points is discussed in the following paragraphs. In discussing these points,
reference is made to the AIP Background Survey conducted for this project by the American
Institute of Physics in 2003 (see Appendix F). This survey was sent to a random sample of TYC
institutions, the pool of TYC institutions that filled out the Site Selection Survey from which
the institutions visited were selected, and the 10 visited institutions. These are referred to as

the “Sample Schools,” “Pool Schools,” and “Visited Campuses,” respectively in the following
discussion, and the survey will be referred to as the 2003 AIP Background Survey.

A Nurturing Classroom Environment

The classroom environments typified by exemplary physics programs that foster effective
student learning tend to be small in size, have lectures integrated with lab activities, and use
active engagement strategies tailored to student needs.

The visited institutions reported curricular changes such as:

*  Addition of courses in response to increased demand from students, transfer universities,
and the workplace,

e Changes in the content and/or pedagogy based on the results of frequent assessments of
student learning, and

e Upgrades to lab equipment and lab instruction.
Estrella Mountain Community College (Arizona) takes advantage of its small size and
nurtures interactions among faculty and students through the integration of physics within the

science and math division. The site visit team reported that the science-math faculty and support
services staff provide a community support for both the physics faculty and the physics students.

The 2003 AIP Background Survey reports that visited institutions dramatically increased
physics courses and physics activities targeting K-12 teachers over the past five years (56% of
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the Visited Campuses vs. 8% for Sample Schools). As an example, Mount San Antonio College
(California) offers a specific section of physical science designed for pre-service teachers. Eighty
percent of the 60 students enrolled are pursuing an elementary education major. In fulfillment

of the course requirements, students prepare presentations for nearby elementary schools.
Gainesville College (Georgia) involves science education students in community programs such
as K-12 science shows. Howard Community College (Maryland) has a two-semester physical
science sequence that is required of all pre-service elementary education majors.

Changes within other programs of study also influence the makeup of physics courses at
two-year colleges. Delta College (Michigan) reports that a “total transformation” occurred in its
introductory physics course due to the addition of a Diagnostic Medical Sonography program.
As a result, the course now consists of a majority of female students, and a second course was
added that includes an in-depth treatment of the acoustics underlying sonograms.

The SPIN-UP/TYC Case Studies report that visited physics programs place a strong emphasis
on pedagogy, especially in the conceptual physics courses. Sixty-seven percent of the visited
programs made pedagogical changes in their conceptual physics courses and 56% of these
programs made changes in their courses for K-12 pre-service teachers. Howard Community

College makes special efforts to identify student misconceptions using pre-tests. Then, the faculty

design in-class activities utilizing interactive lecture demonstrations and web-based interactive
activities to correct the misconceptions. Gainesville College uses wireless keypads to poll
students during instruction to provide immediate feedback.*

Many of the visited institutions have reformatted their scheduled times for physics courses to
create flexible integrated lecture-lab studio environments. Gainesville College (Georgia) reports
90% of its physics students agree that this combined arrangement “made for a more effective
learning environment.”! These settings also allow for flexibility in the delivery approach. The
2003 AIP Background Survey shows that although many physics programs upgrade their labs
with new equipment, the Visited Campuses upgraded the accompanying curriculum more often
than other institutions from the Sample Schools. Lord Fairfax Community College (Virginia)
utilizes the Workshop Physics curriculum.? This teaching strategy allowed low-enrollment
courses to be offered and students to work at different levels and paces. The inquiry-based
philosophy of Workshop Physics in the integrated lecture-lab format, such as that used at Lord
Fairfax, thrives because students see no distinction between “lecture” and “lab,” thus allowing
the students’ attention to be focused on the process of science and not just the content.

A Welcoming Social Environment

An environment such as a student club or study lounge that encourages student interactions
with their peers and faculty members shows a commitment by two-year institutions to students
and their needs.

An inviting, nonthreatening atmosphere within a physics program appears to make physics
attractive and accessible to increasing numbers and a greater diversity of TYC students. During
interviews with SPIN-UP/TYC visiting teams, physics and other science faculty suggested that
their student-friendly environments also help to retain students in STEM studies and careers.

*  Typically, the physics instructor will cover a specific topic and then ask students
what they think on a conceptual exercise such as a ranking task. Students are
given a set time period to respond on their wireless keypads. Their responses are
tabulated automatically on a computer and the results displayed. The instructor
can then use the results to decide to further discuss the topic or move on to
another topic.
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At Mount San Antonio College in California, the Physics-Engineering Department has
designated a room centrally located among the faculty offices as a student study. This room
is equipped with computers, Internet access, whiteboards, and reference materials. Students
(typically four) actively tutor and mentor other students either as student instructors in the
college’s Supplemental Instruction Program or as departmental tutors/lab assistants.

The college facilities at Amarillo College (Texas) include informal student lounge areas
located near the science-engineering classrooms and laboratories, which serve as sites for student
study groups.

Student-led activities at the visited two-year colleges contribute to the students’ sense of
community as well as play an important role in recruiting students. Students taking astronomy
at Delta College (Michigan) assist in planetarium shows that are conducted for the public and
visiting school children. The findings from the 2003 AIP Background Survey revealed that
exemplary TYC physics programs have clubs for physics or STEM majors more often than TYCs
in general (78% of Visited Campuses compared to 10% of the Sample Schools). These clubs,
such as the Society of Physics Students, conduct outreach activities serving the physics program
and institution, provide students with materials from professional societies, and introduce
students to representatives from transfer universities, research industries, and industry. Often the
SPS students conduct outreach activities, serving both the physics program and institution.

Co-Curricular Activities That Support the Academic Program

Physics programs that have emerged as exemplary programs offer their students a wide range
of learning opportunities and experiences, including internships, cooperative programs,
research experiences, and special projects.

The 2003 AIP Background Survey reported that 100% of the Visited Campuses had co-curricular
program enhancement activities as compared to 94% for the Pool Schools and 75% for the
Sample Schools. The average number of activities offered annually at the Visited Campuses

was 7.1 compared to 4.2 at the Pool Schools and 2.0 at the Sample Schools.? The percentage

of campuses that had a summer research program was 56% for Visited Campuses compared to
32% for Pool Schools and only 9% for Sample Schools. Similar percentages were found for
cooperative education programs with 57% of Visited Campuses having these programs compared
to 23% for the Pool Schools and only 8% for the Sample Schools.

Mount San Antonio College (MSAC) in California provides research opportunities for its
students and places several students per year in summer internships at the Jet Propulsion Lab,
California Institute of Technology, as well as in REU (Research Experiences for Undergraduates)
programs at other institutions. A special projects course at Mount San Antonio College allows
students to conduct special research projects, typically two per year. For example, four students
worked with Martin Mason, assistant professor of physics at MSAC, to develop a sound analysis
program that utilized both LabVIEW* and LabPro? interfaces to take and analyze data. Rose
State College (Oklahoma) encourages individual student honors projects that generate a great
deal of student interest.

A Support System Including Faculty and Peer Mentors/Tutors
Many students enter college with a knowledge transmittal model of learning, where teachers are
mostly active and students are mostly passive learners.

Exemplary TYC physics programs recognize that student success depends on students adopting
a community of learners model where faculty, tutors, and students all work together.
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The use of faculty and peer mentors/tutors encourages students to become active partners in

the learning process and breaks down the student-faculty “barrier.” Mount San Antonio College
(California) typically uses four students to actively tutor and mentor other students. Amarillo
College (Texas) furthers its commitment to student success by providing basic skills development
and peer tutoring. Delta College (Michigan) has a peer-mentoring program that uses former
students to work with current students, both in class (as lab assistants) and out (as tutors).
Student-to-student interactions like these help students realize their place as a colleague in the
learning community. However, there is another important level of mentoring that seems to take
place with some regularity in exemplary programs.

Faculty can serve as powerful mentors for students, further breaking down the perceived
barriers between student and teacher. Several of the exemplary TYC physics programs indicated
a conscious effort to encourage one-on-one interaction between the faculty and students. In
addition to the office-hour level of tutoring, dialog about transfer and careers often takes place.
The physics faculty members at Rose State College are available to their students at all times
and spend many hours outside of class interacting with students. Furthermore, students who
serve as peer mentors often are, themselves, mentored by a supervising faculty. At Lord Fairfax
Community College (Virginia), a student mentor decided to become a STEM major and then
went on to become a high school teacher as a result of a positive mentoring experience.

A Plan To Assess Student Learning and Program Improvements

Exemplary physics programs use various assessment techniques to continuously monitor
student outcomes and improve courses and programs of study with the overall goal of
improving student learning and their future academic and career success.

The 2003 AIP Background Survey reported that 78% of the Visited Campuses did outcome
tracking versus 60% for the Pool Schools and only 36% for the Sample Schools. This tracking
included surveys of employment/transfer outcomes and periodic surveys of former students. In
terms of changing the physics curriculum, the survey reported that 100% of the Visited Campuses
and 75% of the Pool Schools changed at least one course compared to 47% for the Sample
Schools. In terms of the type of change that occurred, the Visited Campuses reported a change

in course content 56% of the time and a change in pedagogy 100% of the time compared to 55%
and 74% for the Pool Schools and 33% and 51% for the Sample Schools.®

The physics program at Howard Community College (Maryland) gives misconception pre-
tests before most units in the trig-based physics sequence. The test results identify concepts
that need extra attention in the classroom presentation. Estrella Mountain Community
College (Arizona) uses the Force Concept Inventory (FCI), the Mechanics Baseline Test, and
other standardized assessment instruments’ as both pre- and post-tests to measure student
understanding and learning gains. Green River Community College (Washington) tracks the
success of its transfer students. Out of approximately 400 students who have graduated with
a pre-engineering degree, only one has failed to complete a bachelor’s degree in engineering.
Florida’s Miami Dade College, Wolfson Campus, improved performance in its calculus-based
physics sequence by developing a one-semester bridging course as a prerequisite for students
who had not completed high school physics.

A Plan for Student Advisement that Includes Career and Transfer Advising

Many successful TYC physics programs recognize the importance of regular student advising
for STEM students.

The 2003 AIP Background Survey identified 78% of Visited Campuses as providing for regular
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advisement of STEM students.!? Program faculty and institutional advisors can assess student
preparation, provide information on course selection, and provide career and transfer information.
This advisement, formal and informal, helps the student to better understand how the physics
courses are relevant to their degree plan and career goals. This understanding will often enhance
the student’s performance within the course.

The physics program at Green River Community College (Washington) has “a well-
defined and functional advising process, which supports its strong minority and female student
enrollments”!! as well as the large numbers of physics and STEM majors who enroll in their
courses. Amarillo College (Texas), in accord with its institution-wide policy, requires that all
science and math majors receive advisement from the chair of the Science Division prior to
registration.

A number of the visited physics programs indicate that they encourage one-on-one
conversations between students and faculty and these conversations often include transfer
and career topics. Furthermore, some of these programs use visitations (visitors coming to the
classroom as well as students visiting other sites) to expand their informal advisement. These
interactions with external “experts” enhances the credibility of the advice that TYC physics
faculty give their students. The physics program at Estrella Mountain Community College (a
Hispanic Serving Institution in Arizona with a Hispanic physics student population of nearly
40%) focuses on providing relevant transfer and career information through student visitations
to transfer universities and classroom visits by representatives from both industry and transfer
universities. These visits provide a motivational incentive that aids retention.

In an effort to ensure a seamless transfer for their STEM students, the exemplary physics
programs visited by SPIN-UP/TYC have developed articulation agreements with their transfer
institutions. For example, Miami Dade College, Wolfson Campus (Florida), has articulation
agreements with 60 engineering schools, including Georgia Tech and Kettering University. The
state of Virginia has instituted a Master Course File system for the Virginia Community College
System. Every course in the community college system with the same number has the same
course objectives, which simplifies the transfer of courses to any public institution in Virginia.
This has greatly enhanced the transfer of students from Lord Fairfax Community College to four-
year institutions in the state.

The general perception of all students interviewed during this project is that their two-year
college provides a welcoming and nurturing environment. They have been successful in pursuing
STEM studies because of the smaller class sizes and personal attention they receive from the
faculty and other resource persons at the two-year institution.
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Focus on Faculty and Administration

Fostering a Positive Working Relationship Between Faculty and
Administration

Findings from the SPIN-UP/TYC sites visits and the related 2003 AIP Background Survey!
indicate that two-year college administrators have a key role in implementing and sustaining
change at the physics program level, perhaps even more so than at other higher education
institutions.

In the case of the SPIN-UP/TYC site visits, visiting teams reported that the successful physics
programs were the result of cooperation and collaboration between committed physics faculty
and college administrators who are receptive to and encourage academic change.

Physics faculty at every visited institution said they could not have implemented changes within
the classroom and across the program if not for the support of their administrators. While there is
no single blueprint for building this type of relationship between faculty and administration, one
element common to all of the visited institutions was open and regular communication between
the two groups.

It can be difficult for TYC physics faculty, especially in the case of a typical one-faculty
program, to justify voluntarily spending time talking to administrators about their program on
a regular basis given their other responsibilities and time commitments. Likewise, it can be just
as difficult for an administrator who has many areas of responsibility to justify spending the
time to talk about a program that has no apparent problems. The findings from the 2003 AIP
Background Survey conclude that “the nationwide survey of two-year college physics programs
found substantial differences in the effort being mounted at the fraction of programs that chose
to respond to the site selection survey on ‘best practices’ compared with what was being done at
more ‘typical’ physics programs around the country.”? The survey finding also state “faculty and
administration policy, energy, and organization play key roles in the broadening and strengthening
of the physics programs at the Visited Campuses.”? It is likely that the reported high morale at the
Visited Campuses, which leads to faculty going “above and beyond” what is expected, is a direct
result of administrative support and encouragement.

The 10 SPIN-UP/TYC Case Studies and the findings from the 2003 AIP Background Survey
provide insight into the cultivation of faculty-administration relationships and the mutual benefits
to be gleaned from such cooperation at both the programmatic and institutional levels. The next
two sections summarize what the project learned regarding the roles of the physics faculty and
college administration in building and maintaining a working relationship.

The Role of Faculty in Building and Maintaining the Working
Relationship

The implementation of change in physics curriculum and programs is most often due to

the dedication and energy of a single faculty member. This is especially true for small,

rural community colleges. However, the maintenance and institutional breadth of reform rely
significantly on a college’s commitment to provide academic offerings and services addressing
the needs of students. The findings from the 2003 AIP Background Survey report that “the most
active departments (TYC physics programs) are those who are especially adept at ‘prospecting’
for funds within their larger institutions, likely building influence and alliances with those
controlling the spigot, rather than going outside to foundations, industry, and so forth.”3 Reports
from the 10 site visit teams mirror this finding.
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Physics faculty at Green River Community College (Washington) attribute the success of their
reform efforts in part to “the long-term cooperation and communication” between the physics
program and the GRCC administration.* Other site visits showed that the alliance between
physics faculty and the college administration is not spontaneous, but is built over time with
deliberate efforts from both groups to establish and maintain lines of communication.

The SPIN-UP/TYC Case Studies reveal areas of understanding that the faculty can help to
foster at the administrative level, thus eliciting their support.

1. Physics activities are in alignment with the institutional mission/strategic plan.

The physics program, only one of many programs of study at a two-year college, is sometimes
viewed at the institutional level as a small program in terms of number of employed faculty
and student enrollment. For many community colleges, the physics program is very expensive
in terms of necessary institutional expenditures versus head count. Two case studies help
convey how cooperation between faculty and administration at community colleges can
enhance the institutional role of the physics program to the mutual benefit of the college and
the program.

In 2001 Estrella Mountain Community College in Arizona hosted an NSF symposium on
Best Practices for Student Achievement in Science, Mathematics, Engineering and Technology
in 2-Year Hispanic Serving Institutions.> The recommendations coming from the conference
served as the philosophical foundation for much of EMCC’s five-year strategic plan
formulated that year. One strategic goal was the establishment of an engineering program.

In anticipation of this action, the administration hired a full-time physics faculty member to
develop a suite of physics courses that would service the needs of the engineering program as
well as other programs of study. Subsequently, upon recommendations from the new faculty
member, the administration committed funding and physical space to set up and maintain a
microcomputer-based laboratory for these courses.

In similar action, Rose State College (Oklahoma) hired an energetic and dedicated faculty
member to revitalize a dying physics program housed within the Division of Engineering
and Science. The college administration provided physical resources to purchase additional
laboratory and demonstration equipment to complement existing equipment. The physics
and astronomy laboratories were renovated, and a computer room was added for student
and laboratory use, increasing flexibility in the scheduling of classes. In addition, the
administration hired a second physics faculty person to help in developing the physics
program and accommodate the realized increase in physics enrollment.

The majority of two-year colleges in the United States are viewed as comprehensive
community colleges that primarily provide core curriculum at the freshman and sophomore
level for students planning to complete their baccalaureate studies at a nearby four-year
college or university. The 2003 AIP Background Survey reveals that 100% of the visited
physics programs saw their primary goal as the preparation of students for transfer. In line
with this perceived goal, the visited physics programs most often target reform for the algebra-
based and calculus-based introductory physics courses and laboratories.

In 1992, physics faculty at Lord Fairfax Community College (Virginia) implemented the
Workshop Physics* curriculum into the calculus-based physics sequence. Initially, student

*  Workshop Physics is an interactive curriculum primarily for calculus-based
introductory physics developed by Priscilla Laws of Dickinson College and
colleagues. The entire curriculum is available from John Wiley & Sons, NY.
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evaluations were less than positive. However, the faculty were able to demonstrate to the
administration that the inquiry-based instruction produced significant learning gains by
students on national assessment tests, such as the Force Concept Inventory.® Consequently
the administration supported the continued use of the new curriculum and, in time, student
reactions to the curriculum changed. The Workshop Physics approach was extended to the
algebra-based physics sequence during the 2002-2003 academic year.

2. The physics courses realize a stable or growing student enrollment.

Enrollments in any academic program are influenced by factors originating within the
program and the college, as well as external factors such as a decline in the area’s economy or
job market. The need to understand and remedy the reasons for a declining enrollment should
be a topic for conversation between faculty and administration. In addition, reasons explaining
a steady enrollment or increasing enrollment also warrant discussion.

Amarillo College (Texas) has maintained a stable enrollment in physics over the past five
years but has realized a 4% increase in the number of STEM (science, technology, engineering
and math) majors enrolled in physics. Efforts to attract and retain students enrolled in physics
address many fronts. The physics program, in cooperation with the other disciplines in the
Science and Engineering Division and with financial support from the college, conducts
outreach activities to pre-college students and teachers. For more than 13 years, the division
hosted the Pre Freshmen Engineering Program for area middle and high school students.
Follow-up studies revealed that 63% of these students attended college and 47% entered
science and engineering disciplines. The division also hosts the annual Panhandle Science
Fair, which has become a permanent line item in the division’s budget. Amarillo College
was awarded a CSEMS scholarship from the National Science Foundation, which attracted
51 computer science, engineering, and math majors from the fall 2000 to the spring 2003.

In addition, the physics faculty are active participants and contributors to the K-12 teacher
training program on the AC campus.

3. Physics faculty regularly visit with the college administration, describing the activities
occurring within the program and how these activities impact student learning and the
changing needs of the institutional student body.

SPIN-UP/TYC visits to TYC physics programs confirmed that regular and frequent

visits between physics faculty and administration are major contributors to the health and
open communications aspects of the faculty-administration alliance. Opportunities for
communication range from casual meetings on campus at the coffee area to more structured,
scheduled appointments. The faculty and administration use this time to foster mutual respect
and understanding of each other’s roles and responsibilities that contribute to a successful
physics program.

The fruits of such visits and conversations are exemplified by the changes implemented
by the physics program at Gainesville College (Georgia). In the fall 2000, the GC program
expanded its facilities when it moved into a new building. The program utilizes innovative
technology, including microcomputer-based laboratories in all physics courses, the Internet
(WebAssign and WebCT) to supplement in-class instruction, and homework and out-of-class
activities. Additionally all physics courses are taught in a combined lecture/lab format.

Mount San Antonio College (California) has offerings in physics for all students, including
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the conceptual physics course for nonscience majors, the algebra-based sequence which
enrolls STEM majors and students, and the calculus-based physics sequence which services
the engineering majors and students majoring in physics, chemistry, and physics. The faculty
report that a special audience for the algebra-based course is the engineering major who has
not completed high school physics. In a special effort to address the different learning styles
of its students, particularly among its growing Asian population, the faculty have implemented
inquiry-based activities within all physics levels. Through both the college’s Supplemental
Instruction Program and departmental funds, student tutors and mentors are readily available
to all students enrolled in physics

Two institutions, Gainesville College and Mount San Antonio College, are typical of the
10 colleges visited. Efforts to address the multiple learning styles of students stemming from
a diversity of ethnic backgrounds and experiences at the 10 sites included the implementation
of new technology and/or the implementation of new pedagogy, departmental and institutional
student tutors, and opportunities for student research via design projects or research
opportunities at nearby universities. The implementation and maintenance of these activities
within the physics program involves some level of institutional support, such as funding,
commitment of physical resources, assignment of support staff time and faculty release time.
The SPIN-UP/TYC teams learned that administrations not only supported and encouraged
these activities but were well informed about them and their impact on the physics program.

4. The sphere of influence of the TYC physics program extends to other disciplines and
instructional programs on the TYC campus or at the transfer university.

Physics faculty at the SPIN-UP/TYC sites avail themselves of opportunities to expand

the boundaries of the physics learning community to include student support services,

other STEM faculty and students, physics faculty at transfer universities, and local K-12
teachers of science and physics. Activities such as these strengthen the resolve of the college
administration to work with, support and encourage the activities of the physics program.

At Howard Community College (Maryland), a two-course sequence, Earth and Space
Science and Physical Science, has been developed for pre-service elementary teachers
addressing the essential topics identified in the Maryland core physics and chemistry standards
for K-8 students. Additionally the college has hired a new full-time faculty member to teach
the Earth and Space Science course.

Site visit teams reported that the colleges visited implemented programmatic changes
to accommodate the needs of students enrolled in physics as well as to address the needs
of students in other academic programs. For example, the physics faculty at Delta College
(Michigan) made changes in the course offerings to broaden service to the college’s new
Diagnostic Medical Sonography program. Delta College also implemented several
3 + 1 programs (students take their first three years at Delta and then transfer to Michigan
Technological University or Ferris University for the fourth year).

The 2003 AIP Background Survey indicated that Visited Campuses excelled in providing
instruction to nonscience majors through both course offerings of conceptual physics courses
and special design courses for students who plan to become K-12 teachers. Sixty-seven
percent of the Visited Campuses reported that faculty view the preparation of students to be
K-12 teachers as the second most important priority of their program. The Visited Campuses
also led all surveyed campuses with 22% saying that they viewed the science preparation
of students as future citizens as their second most important priority. The implementation
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of reform efforts in any of these identified priority areas requires money. The success of the
Visited Campuses to launch reform efforts addressing these areas is a credit to the cooperative
efforts of both the physics faculty and the college administration.

The Role of Administration in Building and Maintaining the Working Relationship

The SPIN-UP/TYC Case Studies reveal practices of community college administrations that
significantly contribute to the success of their physics programs. SPIN-UP/TYC interviews
conducted with administrators and college support staff revealed that at least one administrator
had an intimate knowledge of program activities; typically this was a division chair or
instructional dean. Often the support extends to the college president who leverages an
atmosphere fostering academic reform and instructional excellence. A working and visible
partnership between physics faculty and administration inspires a commitment from college
support staff and other STEM faculty to explore and implement cooperative activities that
enhance physics learning, physics appreciation and interdisciplinary collaborations.

1. The college encourages and supports professional development.

The SPIN-UP/TYC visiting teams reported various methods of professional development

on the Visited Campuses. Most sites provide some type of in-service training for faculty.
Amarillo College (Texas) provides faculty training in the implementation of new technology.
The college also requires all newly hired faculty to complete a special four-course sequence
that provides an understanding of the educational role of community colleges in our society
today and an understanding of the particular mission and goals of Amarillo College. Delta
College (Michigan) provides mentors for its entire adjunct faculty, thus helping to ensure
program-wide continuity and quality instruction.

The Visited Campuses provide travel and expenses for faculty to attend local and national
professional conferences and workshops, and many of the colleges provide sabbaticals for
their faculty. With college funding, the physics faculty member at Lord Fairfax Community
College (Virginia) has participated in the TYC Workshops’ addressing recent innovations in
introductory physics teaching and served as a regional leader in the five-year project TYC21
(The Two-Year College in the Twenty-First Century)® funded by the NSF/ATE program. In
addition, the faculty member regularly attends regional and national meetings addressing
issues associated with science and physics education. Mount San Antonio College (California)
provides faculty with paid sabbaticals every seven years. The MSAC faculty have used this
release time to improve classroom instruction, complete additional studies in physics and
related STEM topics, and conduct technical research at nearby universities.

One particular SPIN-UP/TYC visit clearly substantiated the impact of professional
development on curricular reform. Physics faculty at Florida’s Miami Dade College, Wolfson
Campus credited the TYC Workshops with (1) helping them to realize that new pedagogy
could improve student learning in physics on their campus, (2) providing them with training
in recent physics teaching innovations, and (3) training in preparing proposals to seek
external funding for instructional change. Clearly the availability of appropriate professional
development is instrumental in helping faculty to recognize the need for reform. However, as
Miami Dade College illustrates, faculty was only able to implement new ideas and teaching
strategies with the encouragement and support from their administration.

Professional development also includes seminars, workshops, and conferences hosted
by home institutions. The Case Study of Estrella Mountain Community College (Arizona)
described earlier demonstrates how professional activities conducted on one’s own campus
can foster change not only at other institutions but also within the host institution itself. The
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administration told the visiting SPIN-UP/TYC team that the college’s strategic plan was a
result of the findings of the Best Practices for Student Achievement in Science, Mathematics,
Engineering and Technology in Two-year Hispanic Serving Institutions.> The realization

of its goals necessitated hiring the college’s first full-time physics teacher and identifying
qualifications that the new faculty member would need to best serve the needs of EMCC and
its students.

2. College administration is receptive to and supports academic change.

Descriptions of faculty and administration interactions varied among the 10 sites visited, but
all had an atmosphere where both administration and faculty are receptive to change. SPIN-
UP/TYC visiting teams characterized administrations as respecting faculty members’ decisions
to change curriculum, content, and pedagogy. In fact, faculty were encouraged to make
changes. The faculty often said their physics programs were aligned with the administration
and the mission of their colleges. In several of the Case Studies, administrators several levels
away from the programs supported the faculty efforts.

One such example can be found in the Green River Community College Case Study. The
visiting SPIN-UP/TYC team reported that “the GRCC faculty union gives the faculty freedom
to innovate with the support of the administration. The commitment to inquiry-based teaching
is stressed even in the hiring of new faculty.”® The Case Study also reported that “the GRCC
administration from division level through the Office of the President are aware of what
the physics program is trying accomplish and supports the program both financially and by
encouraging their endeavors.”

In an earlier section, Focus on Faculty, it was stated that often the implementation of
curricular and programmatic change had been successful due to efforts of one physics faculty.
In some cases, the incentive to initiate change began at the administration level. The stories
of hiring “just the right physics faculty,” described earlier, testify how such administrative
initiatives can positively impact academic programs and instruction.

3. The college commits its physical resources to its programs, thereby encouraging
quality instruction.

Many community colleges, while providing some financial support for professional
development, hesitate in allocating its own physical resources to provide for academic
change. The 2003 AIP Background Survey suggests, however, that physics programs at the
Visited Campuses receive most of their funding to implement change from college monies,
not departmental monies. Eighty-nine percent of Visited Campuses report that they received
college funds outside the physics program for equipment and supplies and 22% report that the
college funds were used for personnel. In comparison, of the 178 Sample Schools surveyed,
49% said that college funds from outside the physics program provided for equipment and
supplies, but of these, 34% reported that funding for curricular change came from internal
reallocation of departmental resources.

The Case Study of Lord Fairfax Community College (Virginia) reports that “new STEM
programs are being developed in conjunction with the building of a new $11 million
science building scheduled for completion in March 2005.”19 Similarly, Rose State College
(Oklahoma) has made a sizable commitment of its budget for facilitating change: “The
physics laboratory and demonstration equipment was consolidated from various locations
into a single dedicated physics lecture/laboratory room. Adequate support was provided to
purchase additional laboratory and demonstration equipment to complement the existing
equipment. New and greatly expanded spaces for physics and astronomy laboratories will be
in place for the fall 2003. There have been additions, expansions, and upgrading of computer
facilities, student access to these facilities, and necessary software in the physics area. A
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portion of one of the stockrooms in the physics laboratory has been turned into a computer
room with four Internet-access, networked computers for student and laboratory use.”!!

Physical resources also refer to personnel. The physics program at Howard Community
College (Maryland) includes not only two full-time physics faculty, but also a shared full-time
faculty member who teaches many of the physics and chemistry laboratories and a laboratory
manager who is responsible for setting up and stocking most of the laboratories for physics
and chemistry courses. The services of the lab instructor and the lab manager, not typically
found in many community colleges, provide physics faculty with more time to focus on
instruction, thereby enhancing opportunities to implement change, both in the classroom and
across the program.

4. College administration provides services enhancing the student pipeline from K-12
schools to the community college and from the community college to the university and
the workplace.

These services, which originate outside the physics program, include financial support to
outreach programs, designation of personnel/staff to initiate and foster outreach and to assess
entry-level skills of students, services of students to universities and to the workplace, tutoring
and mentoring personnel and facilities, and coordinated career counseling.

The Science and Engineering Division at Amarillo College (Texas) hosts the annual
Panhandle Science Fair, which has become a permanent line item on the college’s budget. At
Delta College (Michigan), the dean of students and educational services conducts surveys of
transfer students to assess the preparation the students receive from the community college.
Lord Fairfax Community College (Virginia) reports that a large number of pre-college
students from the region enroll in dual enrollment courses, easing the transition from high
school to college.

5. College administration supports interactions among STEM faculty and the
establishment of science learning communities among students and faculty.

One should not construe that the small size of most community colleges automatically implies
strong cooperative activities across disciplinary programs and institutional levels. During the
five-year term of the AAPT project, TYC21: Breaking Down Barriers, the project leaders
learned that many community college physics faculty work in isolation from their colleagues
in the other STEM disciplines and institutional programs, and regrettably some faculty prefer
this environment.!2 However, SPIN-UP/TYC visiting teams found that physics faculty at the
successful programs had strong interactions with STEM and other colleagues and college
personnel servicing students enrolled in physics.

The administrations at the Visited Campuses recognize the benefits of this type of
interaction for the college and students and provide support for it. Gainesville College has
a “Learning Communities” project that encourages interdisciplinary professional interaction
and curricular design. Administrators at Mount San Antonio College (California) were
instrumental in getting two bond issues passed to fund the construction and renovation of
new science buildings by 2005. According to these administrators, the new construction
would produce a quadrangle of four buildings housing the STEM programs at MSAC. The
administrators said their actions were in response to an increased student demand for more
STEM classes and were an effort to enhance the cooperation across the STEM disciplines.

The Wolfson Campus of Miami Dade College (Florida) houses all STEM disciplines
within the same department. In addition, the natural sciences have a shared tutoring service
that helps to foster communication and interactions among the STEM faculty. Resulting from
a college presidential directive, the six campuses of Miami Dade College impressively operate
as one college with all like-discipline faculty sharing a responsibility for the definition of their
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institution-wide course objectives. The chair of the Natural Science Department at Wolfson
serves as the college’s convener for the natural sciences.

In summary, all the Case Studies reveal administrative support, cooperation, and even
collaboration as key to establishing and maintaining successful physics programs. The 10
SPIN-UP/TYC visiting teams report the following manifestations of administrative and
institutional support common to all Visited Campuses. The colleges:

* Provide institutional funding, external to budgeted monies for the physics program, for
implementing changes;

e Provide funds for travel and attendance at professional meetings;

* Allocate funds for professional development activities, including sabbaticals;

* Provide release time for attending professional development activities or curriculum
development;

* Are receptive to curricular change/actively promote curricular change;

* Actively promote team work, collaboration, and cooperation among faculty;

* Promote and initiate planning;

* Maintain stable funding of program;

* Focus on sustaining innovations;

e Provide institutional technical support;

* Recognize faculty efforts;

* Provide student tutoring and/or formal mentoring programs; and

* Have academic activities and student services aligned with strategic mission and goals.

The presence of this support to faculty and programs of study clearly indicates an
institution-wide commitment to provide for the needs of its students, a commitment shared
by faculty, administration, and support staff. These services enable college faculty to quickly
respond to the changing needs of their students, who are preparing to enter a dynamic society
and workforce, nationally and locally. A strong working relationship between physics faculty
and college administration mutually bolsters each to make that response.
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Role of Two-Year Colleges in Serving Technical Programs
in Physics

One of the unique aspects of two-year colleges is the sizeable number of students who are being
educated for immediate entry into the workforce. These students are enrolled in a variety of
programs that are called by names such as vocational, technical, occupational, applied science,
and technology.

In 1964, the American Association of Junior Colleges (AAJC) formed a National Advisory
Committee on the Junior College, which concluded that “the two-year college offers unparalleled
promise for expanding educational opportunity through the provision of comprehensive programs
embracing job training as well as traditional liberal arts and general education.”! In 1963 the
federal Vocational Education Act was passed by Congress, which broadened the criteria for
federal aid to schools. Congress has appropriated funds several times since 1963 to finance the
purpose of this Act. Other federal programs provided additional funds that community colleges
shared, including the Carl D. Perkins Vocational Educational Act in 1984.

The 1998 report by the American Institute of Physics, Physics in the Two-Year Colleges,
provided a comparison concerning the enrollment of students taking physics courses that are
technical/applied physics or technology involving 50% or more of physics content. A little
less than 10% of the student population at two-year colleges (TYCs) enrolled in physics are
in these courses.? On the other hand, these types of courses are not usually taught at four-year
colleges and universities since they serve students who are seeking one-year certificates or
terminal associate degrees in applied science. Unfortunately, it is hard to obtain exact numbers
for technical students since many of the technical students at TYCs will take academic-transfer
physics courses. Nationally, the percentage of students at TYCs enrolled in technical fields with
the intent on direct employment is around 40%.3

The 10 site visits conducted during the academic year 2002-2003 included TYC campuses
with enrollments of technical students. However, most of these visited sites did not have
separated courses in physics for technical students. Therefore, teams of physics faculty in
October 2004 conducted additional site visits, one to Florence-Darlington Technical College
in South Carolina and another to Wake Technical Community College in North Carolina, both
having large numbers of technical students who take physics in their certificate or degree
programs. The information from these site visits, combined with the findings from the 10 original
visits, generated the following conclusions.

Initial Site Visits

Findings from the 10 site visits conducted in 2002-2003 reveal that these exemplary physics
programs address physics education of technology/technical students in three different ways:

* First, several of the colleges (Estrella Mountain Community College in Arizona, Green
River Community College in Washington, Mount San Antonio College in California,
Gainesville College in Georgia, and Amarillo College in Texas) either had no technology
programs requiring physics or not enough interest to require separate courses in technical
physics. Technical students at these colleges usually enroll in one or more courses from the
algebra/trigonometry-based physics sequence. Lord Fairfax Community College (Virginia)
does not have significant enrollment in physics from technical programs, but, at the time of
the site visit, was developing a new physics course to support the college’s program of study
in sonography.
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* Second, two visited colleges had special courses in “technical physics” for technology
students, but with limited enrollment. Rose State College (Oklahoma) has a one-semester
applied physics course that is taught by the engineering technology faculty. Miami Dade
College, Wolfson Campus (Florida) has a two-semester sequence called Physics with
Applications that is intended for students specializing in health and technical fields. There is
also a major emphasis change originating with the technology department at Miami Dade to
prepare more students for transfer to engineering programs at four-year colleges. At this time,
the number of students from this new emphasis entering physics is unknown.

e Third, Howard Community College (Maryland) and Delta College (Michigan) offer
special “technical physics” courses, and at the time of the site visits, were expanding their
offerings in physics to accommodate the needs of other fields of study available. At Howard
Community College, technology/technical students opt for one of two different physics
sequences—the two-semester algebra/trigonometry-based sequence or the one-semester
technical physical science course. Responding to the needs of technology/technical majors
(particularly cardiovascular technology majors), Howard Community College used internal
funds to redesign an existing course as a technical physical science course. The redesign also
incorporated an inquiry approach with cooperative groups and microcomputer-based activities.
This course now has one of the highest success rates in student completion of all science
courses.

Technology/technical students at Delta College either enroll in the two-semester algebra/
trigonometry-based physics sequence (although most only need to take one semester of
physics) or a special one-semester applied physics course. According to Scott Schultz,* chair
of the Physics Department in 2003 during the site visit, the applied physics course is taught
four times a year and the number of sections offered has increased by one section per year. A
recent increase in student enrollment in applied physics was attributed to a new field of study
in Diagnostic Medical Sonography introduced at Delta College. Historically, the majority

of students enrolled in applied physics to satisfy the employment requirement of local
companies. In response to the career needs of these new students, the physics faculty at Delta
made appropriate modifications to the applied physics course and also created a new two-
credit course in ultrasound physics.

Additional Site Visits

The site visits conducted by SPIN-UP/TYC faculty teams in the fall of 2004 confirmed that
the educational programs at Florence Darlington Technical College in Florence, SC, and Wake
Technical Community College in Raleigh, NC, have a strong emphasis on workforce training.
Although many students enrolled in physics courses at both colleges transfer to four-year
colleges, the physics programs are designed with the technology/technical student in mind. The
site visits to these colleges revealed two very strong, but different, models for technical physics
education programs.

The Florence Darlington Technical College Model

With strong administrative support from the college and support from the South Carolina
Advanced Technological Education Center (SCATE),? the physics program at Florence
Darlington Technical College (FDTC) transformed its physics courses to better address the needs
of their technology/technical students while also enhancing the transferability of the courses to
four-year colleges. The site visit team identified three elements used at FDTC to create a model
program for students entering its technology/technical fields of study.
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* The integrated curriculum for first-year engineering technology students is clearly the
centerpiece of FDTC’s program. The physics department distinguishes itself as the “lynch pin”
for the integrated curriculum and as an agent of change for enhancing student learning. Each
person interviewed by the site visit team credited Joshua Phiri (the senior physics instructor) as
the person responsible for the program’s success.

e A second element contributing to the success of this program is the administrative

support to faculty in their development and maintenance of top-notch course offerings. For
example, FDTC sent Phiri to two different professional development workshops introducing
and providing training in the Introductory College Physics for the 21st Century (ICP/21)°
curriculum. Subsequently, he chose this curriculum to serve as the basis for the physics content
for both the integrated physics courses and the transfer courses.

e The third element of success is the strong support from industry. For example, ESAB
Welding and Cutting Products in the fall of 2004 employed three FDTC students as electronic
tech interns. In the near future, ESAB and FDTC plan to develop a re-training program
involving physics that will enable their assemblers to become electronic techs. These three
elements have led to vibrant programs for students in technical education and in physics.
Consequently, Florence Darlington Technical College, along with Piedmont Technical College,
have been recognized as leaders in providing technical education both in South Carolina and
the entire country, and consequently, have been selected by the National Science Foundation as
a National Resource Center of Excellence.

Engineering technology students take four courses each semester in the first year: physics,
mathematics, engineering, and communications. The timing of the various topics in any one
course is arranged to complement that in the other courses. In addition, the topics are organized
so as to prepare students to work on various problem scenarios, which encourage students to
synthesize what they are learning. The team-learning strategy at the heart of the integrated
curriculum has proven to be an essential piece of their growing success with underrepresented
groups.

Florence Darlington seeks to prepare students for the workplace by incorporating many
features from the work environment into the classroom. Students in the FDTC curriculum report
to a cluster of dedicated classrooms. Thanks in part to the SCATE grant funds, the classrooms
employ well-integrated, contemporary technology (e.g., smart boards, computer workstations, and
microcomputer-based laboratory experiments). Faculty members come and go during the day, but
the students remain in the same locale. Consequently students develop a strong identity among
themselves and to the program. The Integrated Engineering Technology classes are limited to 18,
which fosters student to student and student to teacher interactions.

Course materials for the FDTC program were developed from curricula suggested by SCATE
with physics as the core component. The materials consist of a series of context-rich modules that
feature industry-based problem scenarios as the basis for developing an understanding of physics
concepts while honing the student’s problem-solving skills. These active learning modules
encourage students to synthesize what they are learning. Introductory College Physics for the 21st
Century (ICP21) curriculum serves as the basis for the physics content for both the integrated
curriculum and the transfer courses. Mathematical skills are taught as required for analysis of the
assigned problems.

Each semester, student teams are assigned several projects that involve open-ended problem
scenarios designed to replicate those found in the workplace. As in real life, these scenarios
require knowledge and skills from a variety of disciplines. Each team is required to submit a
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written report of its solution as well as give a PowerPoint presentation.

The efforts of the physics program are strongly supported by the variety of student services
available at Florence Darlington. These student services not only help current students, but they
are also strong recruitment tools for future students in the program. One service is financial
support through special scholarships,* internships, and financial aid. When a student enters the
Engineering Technology program at FDTC, they are carefully screened and placed according
to their preparation and skills, especially their mathematical achievement. If students are
insufficiently prepared to succeed in the Engineering Technology program (sometimes called the
ATE Integrated Curriculum), they take appropriate preparatory courses. A key service provided to
enhance student success is the Success Center, a tutoring/help center with discipline-appropriate
materials to aid students. Additionally, an open computer lab is available with a wide variety
of discipline-specific software’ on every computer to assist students. Recruitment activities
reach a wide variety of potential students, including underrepresented groups.** These activities
include summer engineering camps for middle school children, competitions for high school
students, and special programs for women and underrepresentative groups. There is a full-
time administrative staff to help guide both the recruitment and retention of the students in the
Engineering Technology program as well as serve as the industry liaison.

A significant strength of the physics program at Florence Darlington is the involvement from
industry. Local industries contribute to the curriculum (through realistic problems used in the
integrated curriculum), to the program (through an advisory capacity to the integrated approach
for the engineering technology core), to student workforce enhancement (through scholarships
and internships), and job placement for students completing the program of study. The needs
of the local industrial workforce helped define aspects of the ATE Integrated Curriculum
program which in turn gives these local industries a vested interest in the program and students
who complete it. An SCATE Industry Consortium has been organized to enhance industry
involvement in both curriculum and student employment during and after completion of their
studies. This consortium of local industries started with four or five companies two years ago.
Now there are over a dozen members.

Another industry-supported program is the ATE Scholars Program, an intern program that
awards roughly 10 internships a year. Participating industries commit to pay for student salaries,
books, and tuition.

The Wake Technical Community College Model

Wake Technical Community College (WTCC) in Raleigh, NC, has an expanding academic
transfer program, but its major purpose is “and shall continue to be the offering of quality
vocational and technical education and training.””® Historically the physics program at WTCC
has provided support courses for two-year technical programs. Engineering technology students
pursuing associate of applied science degrees have enrolled in the technical physics sequence,
Physics 131—Mechanics and Physics 133—Sound and Light. With the addition of transfer
courses at Wake Tech in 1991, technical students (nursing, veterinary medicine, manufacturing,
and computer programming) pursuing baccalaureate studies enroll in the algebra-based physics

*  Tech Stars Scholarships are funded by an NSF grant and includes tuition,
fees, books, and supplies. The Career Ambassadors program selects students
to represent FDTC at recruiting functions and conferences and provides to
the student clothes and a stipend.

**  The involvement of underrepresentative groups through recruitment and then
retention activities led to the publication “Monograph on Retention”” by
SCATE.
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sequence and pre-engineering majors will take the calculus-based physics sequence.

In the fall of 2003, the dean of Vocational Technology, with input from the instructors of
vocational technology, suggested that the physics faculty develop an applied physics course
satisfying the mathematical requirements for the one-year certificate program. Prior to this time
vocational technology students were required to take an application-oriented and integrated
course covering arithmetic, geometry, and algebra.

The development and implementation of the applied physics course for vocational programs is
a testament to the “focus-on-students” attitude shared by the administration, technology faculty,
and academic faculty, as well as the college’s support of curricular change. The faculty took the
initiative to develop a solution and the result was a nontraditional approach—the development of
an integrated physics and applied math course. Equally significant, the faculty and administration
showed little concern that the solution was not another math course. During the site visit, the
vocational technology faculty expressed confidence in the physics faculty, saying they frequently
talk with them and feel very comfortable talking about curricular content and pedagogy as it
relates to the needs of vocational students.

Since 1994, Rob Kimball (chair of the Math and Physics Department) and physics faculty
have served as principal investigators for five NSF-funded projects targeting math and physics,
particularly their applications in the workplace. A curriculum-development project, “Integrated
Mathematics and Physics,” funded in 1997 and again in 1999, (Kimball, Maynard, McCarter,
Sexton and Wetli) produced a resource package of classroom activities? integrating the sequence
of WTCC’s MAT 121 and 122 and PHY 131. According to the faculty, these activities provided
a more student-centered classroom, strengthened workplace-relevant skills among their students,
and enhanced students’ abilities to apply mathematical skills. Several sections of the integrated
course were offered and were team taught by a math and physics instructor. Although course-
scheduling problems no longer allow this course offering, Denise Wetli (senior physics faculty
instructor) stated that the “experiment” produced permanent changes in the physics curriculum.
All physics courses are now taught in an integrated lecture-lab format. In addition, all physics
classes are now offered in the two physics labs. The lab setting, facilitated by the adjoining
stockroom, provides the necessary flexibility to incorporate hands-on inquiry activities,
demonstrations, and more intense experiments. This allows students to test their understanding of
physics concepts more readily and more often.

The math-physics program at Wake Tech exemplifies TYC physics programs servicing two
very different student populations, each with sizable enrollments in common courses. This dual-
purpose program places responsibility on the faculty to remain abreast of findings in physics
and math education research as well as the changes in the entry-level workforce knowledge and
skills. Kimble and Wetli are recognized leaders in the math and physics education professional
organizations at both the local and national levels. In addition to the frequent interactions
with the vocational technology faculty, the physics faculty are members of industrial advisory
committees to the Engineering Technology programs. This puts them in touch with local industry
and makes physics a direct contributor to the college’s positive impact on the local economy.

It is notable that the faculty from the Math and Physics Department meet once a year with
engineering technology faculty to sustain the close mesh of the programs in the two areas.

The site visit team found the math-physics program to have many of the same features (strong
administrative support with equally strong support from student services, very student- friendly
environment, and commendable team collaboration among the multidiscipline STEM faculty)
of the exemplary programs visited by SPIN-UP/TYC teams in 2002-2003. The Wake Tech
program is exemplary as well in its instruction and services to technical students, even assuming
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leadership in the “development of new curriculum bridging the need for an instructional
foundation in physics and math with the need for experience in applying these principles to
workplace scenarios.” The success of this math-physics program is the result of a common
focus on student learning shared by the faculty, the support staff, the college administration, the
community, and industrial employers.
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Chapter 4

Critical Issues

Two important issues currently receiving a lot of attention within the science-education
communities, especially within the American Association of Physics Teachers, the American
Institute of Physics (AIP) and the American Physical Society, are the science preparation of
K-12 teachers and the recruitment and retention of ethnic minorities and females into science
studies and related careers. In an effort to determine how physics programs at two-year colleges
are responding to these concerns, the project leadership asked the visited physics programs to
describe their activities addressing these two critical issues and the impact of these activities
on their students and the surrounding geographic community. The SPIN-UP/TYC teams also
investigated these two concerns during their site visits. The 2003 AIP Background Survey!
provided additional information regarding the activities within the larger two-year college
community.

Two-Year College Involvement with Pre-College Education

The Role of Two-Year Colleges in Teacher Preparation

The publication of the Shaping the Future report? in 1996 helped to awaken the STEM (science,
technology, engineering, and mathematics) education communities to the potential leadership role
that two-year colleges can have in teacher preparation.

“A large percentage of prospective teachers begin their education in
two-year colleges. These institutions, with their clear commitment to
teaching and with so many prospective teachers as students, must be
more significant partners in the system of teacher preparation.” 3

Luther Williams, former NSF assistant director for Education and Human Resources stated:

“The resources of the nation’s community colleges must be utilized fully
if the need for a teaching force well prepared in science, mathematics,
engineering, and technology is to be met.” *

These resources were exemplified by 11 two-year college programs highlighted during a
1998 NSF conference, “Investing in Tomorrow’s Teachers: The Integral Role of the Two-Year
College in the Science and Mathematics Preparation of Prospective Teachers.” The report of this
conference addressed this issue with these statements:

“Because excellent instruction is the primary focus at two-year col-
leges, their faculty members are well positioned to provide leadership
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in the quality of instruction in mathematics and science. Furthermore,
two-year colleges are often located in regions directly serving rural and
urban communities where new teachers will be needed most.”

v 19ydeyd

The 2003 AIP Background Survey conducted in parallel with the SPIN-UP/TYC site visits
revealed that approximately 19% of the 178 sampled two-year colleges have made course
additions or curricular changes in the area of teacher preparation in the past five years.® The AIP
findings’ also state that most surveyed TYCs ranked “preparing students to be K-12 teachers” as
their third highest program priority behind preparing students for transfer and preparing students
for work.

The SPIN-UP/TYC site visit teams found that nearly 90% of the colleges visited have teacher
preparation activities that range from individual courses to integrated course sequences leading
to seamless transfer into teacher education programs at the four-year institutions. In addition, the
Case Studies reveal that these colleges rate “preparing students to be K-12 teachers” as second
program priority behind preparing students for transfer.

The NSF conference “Investing in Tomorrow’s Teachers” and the findings from this SPIN-
UP/TYC project provide strong and persuasive evidence of the existing involvement of two-year
colleges in teacher preparation, developed through partnerships with universities, state certifying
agencies, and local school districts. More importantly, the reports of these two initiatives strongly
recommend that more TYCs should play an active role in recruiting and preparing the next
generation of teachers, strengthening the science content of in-service teachers, enlarging a more
diverse teacher workforce, and creating an awareness of and interest in physics through outreach
activities.

Science Preparation

Since many future teachers satisfy their science requirements at a TYC, it is incumbent upon
STEM faculty to provide a meaningful experience for these future teachers.

According to the report of the 1998 TYC conference,*

“While precise data do not exist, it is estimated that more than 40% of all
teachers completed some of their science and mathematics course work
at two-year colleges. Indeed, many future elementary and middle school
teachers are taking most, if not all, of their college-level science and
mathematics courses at two-year colleges.” 8

Existing TYC models of comprehensive teacher preparation programs include three visited by
SPIN-UP/TYC teams: Green River Community College (Washington), Howard Community
College (Maryland), and Amarillo College (Texas).

Green River Community College (GRCC) has a comprehensive program designed for seamless
transfer into teacher education programs at state universities. They require a year-long
interdisciplinary science sequence that is team taught by science and mathematics faculty.
Physics faculty (who created this sequence) are part of the team teaching these courses in two

of the three quarters. Enrollment in this sequence, which is more than 80% future elementary
education majors, has steadily grown and is now over 60 per year with more than 80% retention.
GRCC'’s efforts are now known as Project Teach. Project Teach is a nationally recognized,
exemplary program® and is a model being copied by other institutions around the country.

There are currently more than 150 students in the Project Teach program. Project Teach has
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agreements with six local school districts and is now offering an on-campus, four-year degree
and certification for teaching in grades K-8 with Central Washington University. To find out more
about GRCC:s effort, visit their website at: http://www.projecteach.org.

Howard Community College and colleagues around the state were partners in the development
of an Associates of Arts in Teaching degree for the state of Maryland. The program they
developed for elementary teachers includes two specially designed physics courses: Physics-106,
Earth and Space Science and Physics-107, Physical Science. The courses have been designed
to cover the essential topics identified in the Maryland core physics, earth/space and chemistry
standards for K-8 students. Both courses extensively use inquiry-based lab activities taught in a
constructivist learning style. In support of this effort, the college hired a new full-time faculty
member to teach the Earth and Space Science course.

Amarillo College (AC) offers four science and two math courses designed explicitly for
and required of future teachers. The physics program is an active participant in and contributor
to teacher training. The program has implemented an Integrated Physics course, one of four
integrated science courses fulfilling education requirements set by AC’s major transfer institution.
Ninety percent of the students in this course go on to become teachers. In addition, three to
five students enrolled in the algebra-based and calculus-based physics courses (about 1% of
the enrollment in these courses) will pursue a major in physics as a secondary teaching area.
A part-time staff member, a retired physics teacher from the Amarillo School district, serves as
consultant for the AC Teaching Education Center and coordinates the students’ experiences with
in-service teachers.

Other SPIN-UP/TYC visited colleges have added some course offerings in physics/physical
science specifically designed for future pre K-12 teachers.

Delta College (Michigan) developed a two-semester sequence, Physical Science 101-102, which
especially targets pre-service elementary teachers. Each of the four-credit courses is taught in
the same integrated laboratory-lecture studio format as the other physics courses and promotes
learning by inquiry. The courses make use of the curriculum materials from Powerful Ideas in
Physical Science'® and Tools for Scientific Thinking.'!

In the fall 2003 Miami Dade College (Florida) introduced a bachelor’s degree in physics
education, with the main physics component being offered at the Wolfson Campus. This action is
the college’s response to recent legislation enacted by the State of Florida allowing community
colleges to offer bachelor’s degrees in secondary education.

A third effort by visited two-year colleges to address teacher preparation is the creation of
excellent transfer arrangements with nearby universities.

Students planning to become K-12 teachers comprise 20% of the physics enrollment at Estrella
Mountain Community College (EMCC) in Arizona. The identification of education majors in
introductory physics is a pioneering effort among the physics programs at two-year colleges.
Articulation agreements and collaboration between EMCC and the education departments at
Arizona State University and Arizona State University West facilitate the seamless transfer of
education majors from the community college as well as ensure the provision of quality science
and physics preparatory courses for these majors.

At Lord Fairfax Community College (LFCC), the Physics 101-102 conceptual physics
sequence provides a very strong inquiry-based sequence for pre-service elementary teachers.
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These pre-service teachers can complete their entire four-year program at LFCC through Old
Dominion University’s TeleTechNet distance learning system.

Outreach

From the 2003 Survey of Two-Year College Physics Programs,!2 a number of TYCs are
involved in outreach to their communities. Outreach is a set of activities that establish or
confirm a continuing relationship with the pre K-12 community. Activities include professional
development workshops, summer camps for students, faculty and student presentations, physics
demonstration shows, campus and departmental tours for students, loaning equipment, and
science competitions. Table 9 indicates the percentage of TYCs involved in such activities.*

2
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Table 9. TYC Outreach Activities

Responding Schools Sample Schools Pool Schools Visited Campuses
Summer workshop for o o o

K-12 students 8% 15% a44%
Student or faculty visits to 23% 34% 44%

local schools
Workshops for local K-12 10% 29% 56%

teachers

The SPIN-UP/TYC Case Studies report that physics programs at many of the Visited
Campuses have outreach activities, involving both the TYC faculty and students. The experience
of these TYC physics faculty in implementing new teaching strategies (especially inquiry-based
instruction) and national assessment tools to measure student learning facilitates the delivery of
physics and science content to the pre-college teachers but also introduces future teachers to new
models of science/physics instruction. Outreach activities to pre-service and in-service teachers
ranged from very short presentations to multiple-day professional development workshops.

Dwain Desbien from Estrella Mountain Community College leads a number of Modeling
Workshops!3 each summer for high school physics teachers. These workshops provide training in
how to incorporate modeling strategies into their classrooms.

Mount San Antonio College (MSAC) in California provides a variety of outreach activities
to area schools and their teachers. Students enrolled in the Teacher Preparation Physical Science
Course prepare activities that they present to fourth graders in nearby elementary schools.
Physics and engineering faculty regularly participate in visitations to local high schools during
the schools’ college-recruitment days. The Society of Physics Students (SPS) chapter also
annually hosts a High School Outreach Day. One physics faculty member is active in the
Speakers Bureau on the MSAC campus and presents talks to local community groups.

*  Sample Schools represent a sample of all TYCs across the country; Pool Schools
represent the 70 plus TYCs that responded to the SPIN-UP/TYC Site Selection
Instrument; and Visited Campuses represent the TYCs visited as part of the
SPIN-UP/TYC project.
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Critical Issues

The science faculty and students at Gainesville College (Georgia) and Rose State College
(Oklahoma) present science educational programs for the community and K-12 schools. These
include science shows and professional development opportunities for K-12 teachers.

The SPIN-UP/TYC teams reported that many of the physics faculty at the visited colleges
present workshops for pre K-12 teachers at section and national meetings of the American
Association of Physics Teachers. Still other faculty are participating with high school teachers in
the Physics Workshops for the 21st Century.!# At these three-day national workshops held around
the country, TYC and high school faculty are actively engaged in new instructional strategies that
are designed to allow them to implement them immediately in their classes.

Summary

The findings from SPIN-UP/TYC site visits and the 2003 AIP Background Survey verify that the
two-year college community is responding to the Shaping the Future call for TYC involvement
in teacher preparation. As described above, the science preparation and training of pre-college
teachers is a high priority among the physics programs at visited and surveyed two-year colleges.
The very characteristics identified by visiting SPIN-UP/TYC teams as contributing to the

success of the 10 physics programs (a focus on students, the strong faculty attention to pedagogy
and faculty assessment of student learning, the close ties to the local community and transfer
universities, the strength of cooperation among STEM faculty, and the strong institutional support
of the physics program) also contribute to the development of course offerings and outreach
activities targeting the needs of pre-service teachers as well as in-service teachers.
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Role of Two-Year Colleges Serving Underrepresented Groups in Physics

The 1998 report from the American Institute of Physics, Physics in the Two-Year Colleges,
provided a comparison concerning the enrollment by minorities (African Americans, Hispanic
Americans, Native Americans) and women in two-year colleges and four-year colleges.! Thirty-
one percent of the TYC student population enrolled in physics are female; this in comparison

to the 58% of all two-year college students being female. In 1993, four-year colleges estimated
their female enrollment in physics to be about 25%.2 The 1998 AIP report revealed that 23%
of the students enrolled at two-year colleges are minorities and minorities comprise about 15%
of the students enrolled in physics at these institutions.3 Both of these figures are larger than the
enrollments at four-year colleges and universities whose enrollment is 16% minorities and 9%
minorities in physics.?

Subsequently, the 2003 report from SPIN-UP (Strategic Programs for Innovations in
Undergraduate Physics, a forerunner to this two-year college study) stated that the findings of
the site visits to exemplary physics departments at four-year colleges and universities revealed
that these institutions were not particularly successful in recruiting and retaining physics majors
from among minorities and females.* Spurred by these two reports, the project directors of the
TYC study felt that it was important to review the findings of the site visits to two-year colleges
more closely to determine the reasons for the large percentage enrollment from underrepresented
groups at these local institutions.

The 10 site visits conducted during the academic year 2002-2003 included TYC campuses
with large enrollments of Hispanics, Asian Americans, and international (non-U.S. citizen)
populations and females. However these sites did not have large enrollments by African
Americans, either in physics or institution-wide. Therefore a team of physics faculty, in October
2004, conducted a site visit to Prince George’s Community College in Maryland, which has
more than 75% African American students in its population. The information from this site visit,
combined with the findings from the 10 original visits generated the following conclusions.

SPIN-UP/TYC Conclusions

Except for historically Black and Hispanic colleges and universities, the student populations

at most four-year colleges and universities tend to be heterogeneous, and minority populations
(African Americans, Hispanics, and Native Americans) in the general population are also in the
minority at the four-year colleges and universities. Because two-year colleges enroll students
who come mainly from their geographic region, the demographics of the student population at
two-year colleges will usually mirror the demographics of the region. A two-year college located
in a community where the population is predominantly African American, Hispanic, or Native
American will also have a student population that reflects that particular demographic.?

Two-year colleges that serve predominantly African American, Hispanic, or Native American
populations have a significant opportunity and even a responsibility to encourage students to
consider careers in STEM disciplines and to make them aware of transfer opportunities to four-
year colleges and universities where they can successfully major in a STEM discipline.

As discussed in Chapter 1, the role of the two-year college in providing an intermediate higher
education opportunity for students who find it difficult to leave their local communities cannot
be overstated. Students may need the emotional support of their family and community or it
might be financial issues that make attending a four-year college or university a hardship on the
students and their families. The small class sizes of two-year colleges make it easier for these
students to make the transition to the more demanding college course work than the larger class
sizes usually found at four-year colleges and universities.
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Critical Issues

Several of the site visits made during this project were to institutions that had predominantly
Hispanic populations, those being Estrella Mountain Community College (Arizona) and Miami
Dade College, Wolfson Campus (Florida). Although both institutions are Hispanic serving, they
are quite different in their settings and the students that they serve. The Hispanic population
at Estrella Mountain primarily consists of students with a Mexican-American heritage. Miami
Dade enrolls a more diverse Hispanic population including Mexicans, Cubans, and Puerto
Ricans. These institutions are described in more detail in the Case Studies (see Chapter 5). The
percentage of Hispanics enrolled in physics courses at these institutions is equal to or higher than
the percentage of Hispanics enrolled in the institution.

Prince George’s Community College (PGCC) serves a predominantly African American
population in the Washington, D.C., metropolitan area. More than 75% of the 12,500 credit
students were African American in the fall semester of 2003. Approximately 40% of the students
are enrolled in transfer program options. Over the last three years at PGCC, more than 25% of
the student credit hours generated have been in one of the STEM disciplines. Due to the close
proximity of four-year colleges and universities to PGCC (University of Maryland, George
Washington University, Howard University, Georgetown University, Towson University, and
Bowie State University), many students transfer to four-year STEM programs after only one or
two semesters at PGCC. For example, the calculus-based physics sequence at PGCC exactly
mirrors the same course at the University of Maryland (no first-semester laboratory) to make it
easier for students to transfer after completing only the first course in the sequence.

The percentage of enrollment of underrepresented students in the introductory physics courses
at the two-year institutions visited during this project was typically equal to or greater than
the institutional enrollment of underrepresented students. This contrasts markedly with what is
found at most four-year institutions and is observed nationally. Table 10 below summarizes these
differences.®

Table 10. Underrepresented Student Populations for Undergraduates (1997)

Two Year Colleges Four-Year Colleges/Universities
Number of Students | % of All Students Number of Students | % of All Students
African Americans 599,586 11.1% 710,531 10.4%
Native Americans 69,879 1.3% 57,054 0.8%
Asian/Pacific Islanders 316,172 5.8% 376,525 5.5%
Hispanics 637,813 11.8% 523,883 7.7%
Total Minority Students 1,623,450 30.0% 1,667,994 24.4%
Nonresident Alien 203,702 3.8% 233,820 3.4%

Percentages are based on totals students enrolled.

For the most part, the large percentage enrollments among underrepresented students mirror
the ethnic populations in the geographic communities of the two-year colleges. But another
glance at the table above reminds us that the percentage enrollments of these minorities at
TYCs are students in their first two years of collegiate studies. Female students comprise only
about 30% of the enrollment in introductory physics courses nationally! but their enrollment in
physics courses at the visited institutions is close to 40% in every case. The small class size and
welcoming environment that characterizes two-year college physics courses are certainly main
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contributors to these higher enrollments, even though the evidence is only anecdotal. The cited
data suggests that two-year colleges are well positioned to recruit students into physics from
among underrepresented groups (ethnic minorities and females) early in their studies. The 13
campuses visited over the two-year term of SPIN-UP/TYC are meeting this challenge.
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Chapter 5

Project Findings

This chapter contains 10 Case Studies of exemplary physics programs at two-year colleges and
the “Findings from the 2003 SPIN-UP/TYC Background Survey of Two-Year College Physics
Programs.” These reports emanate from the activities of Strategic Programs for Innovations in
Undergraduate Physics in Two-Year Colleges (SPIN-UP/TYC). SPIN-UP/TYC, a program of the
American Association of Physics Teachers and funded by the National Science Foundation, Lee
College, and Southwest Texas Junior College, is a cooperative effort with the SPIN-UP project of
the National Task Force for Undergraduate Physics funded by ExxonMobil and a follow-up to the
Two-Year Colleges in the Twenty-First Century Project of the AAPT.

Within the last two decades physicists and educators have turned more attention to two-
year institutions (community colleges, junior colleges, and technical colleges) to enlist their
cooperation in implementing educational innovations and reform. American two-year colleges,
now a century old, epitomize diversity—diversity in institutional vision and mission, diversity in
programmatic vision and mission, and diversity among their students. Sandwiched between high
school and four-year colleges/universities, two-year colleges (TYCs) occupy a pivotal position
in the students’ preparation for continuing baccalaureate studies and their preparation/retraining
for the technical workforce. The AAPT SPIN-UP/TYC initiative is the third project in a series
since 1989 to tap the rich resources at two-year colleges to produce an increase in the number of
science, technology, engineering, and mathematics (STEM) majors, particularly physics majors,
and a better understanding of the contributions of TYC programs to physics education.

SPIN-UP/TYC conducted 10 site visits to two-year colleges during the academic year 2002-
2003. The physics programs selected for visitation had demonstrated excellence in one or more of
the following areas:

*  Success in recruitment and retention of physics and other STEM students;
¢ Success in recruitment and retention of future teachers of science and math;

*  Success in recruiting women and underrepresented populations (these include
traditionally recognized minorities and nontraditional students);

e Success in implementing innovations;

*  Success in addressing the needs and learning styles of special student populations
(special populations include underrepresented students, technical-vocational students,
students who work full-time and students who are middle-aged or older).

Selection criteria for the TYC sites also considered the diversity of the programs as to number of
full-time physics faculty, the size of the TYC campus student enrollment and/or college district,
and the geographic location.

The Background Survey, conducted by the Statistics Research Center of the American
Institute of Physics (AIP), was administered to a representative sample of all two-year college
physics programs nationwide. The report of the AIP Findings describes the characteristics of all
responding schools and identifies ways in which the visited programs were exemplary.
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Amairillo College

Institutional Setting

Amarillo College (AC) located in Amarillo, TX, serves a diverse population of approximately
8,300 credit students and 30,000 continuing education students through its four campuses located
in Amarillo and a fifth campus located in Dumas, 50 miles away. Governance for the college
system is provided by a local board of trustees operating under community college guidelines set
by the Texas Coordinating Board.

AC is an integral part of the community, due in part to Amarillo being the largest city in Texas
without a university. Fifty percent of all high school students in the Amarillo city limits attend
AC within two years of graduation, and one in six Amarillo residents attends AC each year.

The breakdown of gender and ethnicity of AC students is similar to that of the area high school
populations, with the exception of a slightly higher female population (59% at AC vs. 49% at
high schools) and higher Asian and American Indian populations (4% vs. 3%, 1% vs. 0.2%,
respectively). The African American populations are comparative at 4% at AC vs. 6% at high
schools.

Approximately 50% of the students enrolled at AC are enrolled in a transfer curriculum
and 50% in a career tract program. AC students who transfer to universities will typically
receive GPAs higher than other transfers or native students. Technical program graduates report
a placement rate of 94%. Health occupations rate consistently high (90%) for licensure and
certification.

The Physical Science Department, comprising physics and chemistry, is housed within the
Science and Engineering Division, the largest division on campus with a staff of 145. Atypical of
most TYC physics programs that have one or two faculty, AC has five full-time physics faculty,
one of whom serves as the chair of the Science and Engineering Division. Two of these faculty
teach geology and astronomy as part of their regular teaching responsibilities and one faculty
teaches calculus during the summer. A retired high school physics teacher serves as a consultant
for a NSF/ATE funded project addressing in-service and pre-service teacher training. The support
staff includes a full-time administrative assistant and a staff assistant.

The AC physics program provides a wide range of courses including the traditional suite of
algebra-based and calculus-based physics courses, a preparatory physics course for students with
limited backgrounds in science and math, an integrated physics course for elementary and middle
school teachers, and a physical science course for non-science majors. An allied health physics
course services the occupational therapy, pharmacy, and physical therapy programs.

What Has Been Done

1. The enrollment in physics has been stable over the past five years, and the number of
STEM majors enrolled in physics has increased by about 4%.

2. The physics program aggressively recruits minority and female students.

3.  Microcomputer-based activities, spreadsheet, and computational activities are used
extensively in physics laboratories.

4. The physics faculty, in partnership with other STEM faculty, conduct successful and
highly popular outreach activities to area schools.

5. Engineering and physics majors successfully transfer to universities and applied health
programs are well served by required physics courses.
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Project Findings

The physics program is an active participant in and contributor to teacher training. The
program has implemented an Integrated Physics course, one of four integrated science
courses fulfilling education requirements set by AC’s major transfer institution. A part-
time staff member—a retired physics teacher from the Amarillo School district—serves
as consultant for the AC Teaching Education Center and coordinates the students’
experiences with in-service teachers.

Indicators of Success

1.

The physics courses at AC have achieved a comparative balance between males
(52%) and females (48%), and minorities comprise about 21% of the physics student
population.

From 2000 to 2002, the physics program enrolled about 12 students who indicated that
they were pursuing a major in physics. For the same period, the total number of students
majoring in a STEM discipline increased from 209 in 2000 to 235 in 2002. The majority
of these students will transfer to universities. Most of these will go directly into the
workforce as engineers after completing their baccalaureate studies, and some transfer
students will enter the workforce with degrees in technology.

Faculty are implementing physics education research based curriculum (Just in Time
Teaching and Physics of Inquiry) into physics courses targeting STEM majors (among
these are students who plan to teach physics/science at the secondary level).

The Division of Sciences & Engineering conducted a successful Pre Freshman
Engineering Program (Amarillo PREP) over 13 years for area middle and high school
students. Eighty-eight percent of the students recruited during the lifetime of the
program were minority students. Follow-up studies of its student participants reveal that
all graduated from high school, 63% went on to college, and 47% entered engineering
or science disciplines.

The Science and Engineering division hosts the annual Panhandle Science Fair. (This
commitment has led to a permanent line item in the division’s budget.)

The AC’s CSEMS scholarship program funded by the NSF successfully attracted 51
computer science, engineering, and math majors from fall 2000 to spring 2003. Forty-
eight percent of these students are minority students.

The Integrated Physics Course satisfies the education requirements for future teachers
at Amarillo College’s transfer institutions. Ninety-eight percent of the students enrolled
in this AC course go on to become teachers. In addition, three to five students enrolled
in the algebra-based and calculus-based physics courses (representing about 1% of

the combined enrollment for these two courses) will pursue a major in physics as a
secondary teaching area.

Keys to Making the Changes

64

1.

Strong Departmental and Divisional Leadership. Decision making responsibility
for implementing academic change, instructional and programmatic, is the domain of
the leadership of the Physical Science Department and the Science and Engineering
Division, who are themselves science teaching faculty.

Collaborating STEM Faculty. The leadership of the Science and Engineering Division
and the Physical Sciences Department has forged a strong and viable collaboration
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among the STEM faculty, enhanced by the multi-science teaching responsibilities of
many of the divisional faculty. The activities of the division reflect the faculty’s shared
commitment to providing quality education and helping their students succeed.

Supportive Administration. The administration encourages its faculty to try new
ideas and, upon recommendation from the divisional chair, cooperates with them to
find the resources to implement change. The administration supports the efforts of the
Science Division in seeking external funding from such sources as the NSF, NASA,
and Hewlett-Packard. However, many of the physics efforts are internally funded and
some appear as college budget line items. Professional development is required for
faculty promotion and tenure and appropriately then, faculty are granted semester or
year sabbaticals. AC also requires that all newly hired faculty complete four courses
providing a philosophical understanding of community colleges and the mission and
goals of the AC system. (This provision is rarely encountered among two-year colleges
in our country.)

Team of Diverse Physics Faculty. The physics faculty, with many years of combined
physics teaching experience, have diverse backgrounds ranging from astronomy,
geographic information systems, geology, research physics, teacher education, and
computer technology. The faculty are very receptive to new ideas and technology. They
are active members of physics professional societies, including the national and Texas
Section of the American Association of Physics Teachers, and regularly participate in
professional development activities addressing both physics content and new teaching
innovations.

Student-Centered Environment. There is a college-wide commitment to student
success manifested by college policies and support programs. STEM majors are required
to obtain faculty advisement from the Science Division chair prior to registration.
Institutional tutoring and mentoring programs, such as Supplemental Instruction and the
Access Learning Center, provide basic skills development and peer tutoring. The college
facilities include informal student lounge areas located near the science-engineering
classrooms and laboratories that serve as sites for student study groups. Special college
services help faculty prepare presentations using technology, and a Testing Center
provides assessment services facilitating instructional planning.

Financially Resourceful. With funding from the Texas A&M University System through
the Houston Endowment Grant, the college was able to establish the Community
College Teaching Education Center, which oversees the award of scholarships and
advisement of pre-service teachers. With funding awards from the Texas A&M
University System through the Houston Endowment grant to AC and West Texas A&M
University (WTAMU), AC provides 40 scholarships from $300 to $800 to specified
education majors who start their college career at the community college and finish

at WTAMU. An NSF/ATE grant received last year provides funding to extend the
alignment, articulation, and oversight of AC’s science education courses. AC combined
these two grants into the Teacher Education Center, housed and operated on the AC
Washington campus. Currently 575 majors in education are being assisted.

For more information contact:

Arthur Schneider, Physical Sciences

Division of Science and Engineering

Amarillo College, P.O. Box 447

Amarillo, TX 79178

Phone: 806-371-5091 Email: schneider-a@actx.edu
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Project Findings

Delta College

Institutional Setting

Delta College is a two-year public college offering degrees in academic, professional, and
technical programs located in Bay County, MI, and predominantly serving the counties of Bay,
Midland, and Saginaw. The 640-acre main campus lies midway between the three counties’
major cities of Saginaw, Bay City, and Midland. This triangle forms the heart of the Saginaw
Valley area. Delta College has major centers in each of the three counties: Delta Planetarium
and Learning Center in Bay City; Delta College Midland Center; the Ricker Center and Saginaw
Center in Saginaw. The main industrial employers in the area include Dow Chemical, Dow
Corning, General Motors, Chrysler, and Ford.

Almost 200 full-time and 400 part-time faculty teach daytime and nighttime classes to a
student population of 3,650 full-time equivalent students with an unduplicated headcount of more
than 10,000 students (fall and winter). The spring semester (equivalent to a summer session)
has roughly half that number. The majority of the population is urban, with roughly 40% of the
students in career education, 30% in a transfer program, and 20% undecided. Approximately 60%
of the students are female. The percentage of underrepresented students is about 8%.

Programs at Delta College are organized into eight divisions, and the physics program is
in the Science Division, which also offers the disciplines of astronomy, biology, chemistry,
geography, and geology. Pre-engineering courses (for both two-year and four-year programs) are
in a separate Technical Pre-Engineering division. Faculty must have a master’s degree and 18
hours in their field to teach in a discipline. Full-time faculty teach 68% of the total credit hours at
the college, but in physics 80-90% of the total credit hours are taught by full-time faculty.

What Has Been Done

1. The most innovative aspect of the physics program at Delta College is block scheduling
of classes, which allows the integration of laboratory and lecture in a studio physics
format during a 110-minute class period. The four-credit courses (Physics 101, Physical
Science 101-102, and Physics 111-112) meet for four 110 minute periods each week.
The five-credit Physics 211-212 sequence meets for five 110 minute periods each week.

2. All three classrooms used by the physics program have the latest in technology for
providing audiovisual and computer-aided instruction. Students sit and work in groups
of three or four, and the furniture can be moved to include MBL activities as needed.
Cooperative learning is encouraged and the physics program faculty are committed to
active engagement methods.

3. An optional astronomy laboratory has been added that can be taken with the descriptive
astronomy course. The laboratory course makes extensive use of a planetarium on
campus and a more modern planetarium facility located at a satellite campus. The
planetarium on campus is being renovated to make it more useful for laboratory
activities and hands-on laboratory work.

4. The physics program has developed a two-semester sequence, Physical Science 101-
102, that especially targets pre-service elementary teachers. Each of the four-credit
courses is taught in the same integrated laboratory-lecture studio format as the other
physics courses and promotes learning by inquiry. The courses make use of the
curriculum materials from Powerful Ideas in Physical Science and Tools for Scientific
Thinking.
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5. Physics 101 has undergone a total transformation in student body. The students in the
course, mostly female, intend to enter the Diagnostic Medical Sonography Program.
Some adjustments have been made to the class to meet the needs of the current student
body.

6. Ultrasound Physics, DMS 105, is a brand new class that has been developed for the
Sonography program. Ultrasound Physics is a two-credit course taught in a half-
semester. Students take a second half-semester course on the same subject but taught by
an ultrasound technician.

7. Delta College has established several 3 + 1 programs where students take their first
three years at Delta and then transfer to Michigan Technological University or Ferris
University. In a relatively new program, the fourth year is also at Delta College with the
instruction being provided by Michigan Tech.

Indicators of Success

1. The physics program is experiencing increasing enrollment, and class offerings are
limited by available faculty and facilities.

2.  About 27% of the students graduating from high schools in the tri-county area start their
post high school education at Delta College. About 40% of all area high school students
attend Delta College at some time during their first five years after graduation from high
school.

3. The percentage of females in the Physics 111-112 varies between 30% and 50%, much
higher than the national average. The percent of females taking the Physics 211-212
sequence tends to 20% to 25% in the fall semester of Physics 211 but drops significantly
during the winter semester of that same course. The number of females in Physics 212
remains fairly constant at 25%.

4. The percent of minorities in the Physics 111-112 and Physics 211-212 sequences
varies between 10% and 15%, again significantly higher than the national average, but
representative of the demography of the tri-county area where most of Delta’s students
originate.

5. Surveys of transfer students done by the dean of students and educational services
indicate a high degree of satisfaction with the preparation received at Delta College.

Keys to Making the Changes

1. Collegial Spirit Among the Faculty. Faculty members respect each other and support
the program at Delta College. Although all physics program faculty have not adopted
extensive use of MBL or innovations such as WebAssign, they support their use. Faculty
from other departments in the Science and Technical Pre-Engineering divisions interact
with the physics faculty and support the program.

2. Commitment to Student Learning. All physics program faculty are dedicated to
student learning. Full-time faculty, based on their concern for quality teaching, teach
more than three-fourths of the courses. Adjunct faculty must adhere to the same
objectives and outcomes as the full-time faculty.

3. Mentors for Adjunct Faculty. The college has a mentors program for adjunct faculty to
help ensure the quality of courses taught by the adjuncts. Most of the physics adjuncts
are high school teachers who have extensive teaching experience.
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Implementation of Technology. The use of technology is stressed in the hiring of new
faculty. One of the requirements for the two new faculty hires is that they be interested
in using technology such as computer-assisted instruction, MBL, and WebAssign in
their teaching. This requirement is supported by the college administration.

Financial Support for Faculty Development. There is support for curricular
improvement in the form of grants and release time. Every full-time faculty member
receives $825 per year that they can use for faculty development. Other faculty
development funds are available through the dean of faculty. Several faculty members
regularly participate in national and statewide meetings and workshops.

Administrative Commitment to the Physics Program. Both the Science Division chair
and dean of faculty expressed a strong commitment to the physics program. The physics
program receives an adequate share of the funds available for new equipment and
recently received special funds to renovate the planetarium into a more useful teaching
facility. The administration is willing to provide funds for full-time faculty to teach
more than 75% of the physics offerings.

For more information contact:
Scott Schultz, Physics

Delta College

1961 Delta Road

University Center, MI 48710
Phone: 989-686-9459

Email: sfschult@delta.edu
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Estrella Mountain Community College

Institutional Setting

Opened in fall 1992, Estrella Mountain Community College (EMCC) in Avondale, AZ, is

the newest of 11 campuses in the Maricopa County Community College District. It provides
educational opportunities and workforce training for western metropolitan Phoenix. EMCC is
a public institution serving a student population of 7,000, 85% of whom are part-time students.
EMCC offers numerous associate degrees, university transfer partnerships, and 17 specialized
certificate programs. The college is an Hispanic-serving institution with 37% of the enrollment
comprising minorities and 57% female. Estrella Mountain CC is funded through the Maricopa
County Community College District which draws 60% of its support from property taxes. The
two-year colleges in Arizona are no longer governed by a state coordinating board; thereby the
MCCD functions independently from the other state community colleges.

G Jardeyd

Estrella Mountain Community College is located in an area once characterized as rural
and sparsely populated. The college’s service community is experiencing a rapid growth in
population with an increasing need for college-prepared young people. Consequently the college
is expanding its physical facilities and number of full-time faculty to accommodate the increasing
enrollment.

The first full-time physics faculty at EMCC was hired in 2001. Prior to that time, physics
courses were taught by part-time faculty. The physics program, housed within the Science and
Math Division at EMCC, has one full-time physics faculty. Providing support to the program is a
full-time lab technician serving all sciences and an administrative secretary for the science-math
division. The program provides seven physics courses (a one-semester bridging course for those
wanting to be engineers but who need some preparation, a one-semester physics course for liberal
arts majors, a two-semester algebra-based course sequence and a three-semester calculus-based
course sequence) on the EMCC campus and one dual-enrollment class at a local high school.
Enrollment on the campus is approximately 55-60 students.

What Has Been Done

1. The EMCC administration successfully conducted a faculty search for an experienced
and innovative physics teacher to establish a program providing an array of physics
course offerings from conceptual physics through the calculus-based physics course
sequence.

2. The physics faculty has successfully implemented teaching innovations into its physics
courses. The Modeling Method is the basic methodology for every physics class, and
the Modeling Discourse Management Method is employed for the management of each
class. The physics courses use MBL activities (Vernier Software) either created locally
or from Tools for Scientific Thinking and RealTime Physics.

3. The program successfully recruits and prepares STEM majors for successful transfer to
a college/university. Approximately 30 of the students currently enrolled in physics at
EMCC (50%) plan to pursue a major in a STEM discipline.

4. The number of nontraditional students enrolled in physics averages about 10 to 15%,
which is fairly representative of the nontraditional physics student populations among
community colleges.
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The physics program identifies students who plan to become K-12 teachers and
provides, with institutional and divisional support, introductory and preparatory science-
math courses for education majors transferring to Arizona State University and Arizona
State University West.

Indicators of Success

1.

Since hiring the full-time physics faculty in 2001, class enrollment and offerings have
increased each semester. The college now offers the entire range of physics courses
provided by the Maricopa County Community College District. In addition, many
students completing the one-semester survey course in physics decide to major in one of
the STEM disciplines. A bridging one-semester physics course has been implemented to
enhance the preparatory skills of EMCC entering students who plan to pursue studies in
STEM disciplines.

Student understanding has been measured using standardized assessment instruments
such as the Force Concept Inventory (FCI), the Mechanics Baseline Test, the Conceptual
Survey of Electricity and Magnetism, and the Test of Scientific Reasoning (Lawson).
The Force Concept Inventory post-test scores for first semester calculus-based physics
have averaged 80% with a normalized gain of 0.69. The post-test average for the first
semester algebra-based physics course is 73% with a gain of 0.60. Both of these FCI
results are better than the national average. Calculus-based students scored 70.8% on
the Mechanics Baseline Test (MBT) and 72% on the Conceptual Survey of Electricity
and Magnetism, these scores being high, particularly among TYC students. Students in
the conceptual physics course were given the Test of Scientific Reasoning and scored an
average of 93% with a mode score of 100%.

Seventy-seven percent of the students enrolled in the algebra-based and calculus-based
physics courses are STEM majors and successfully complete the physics studies at
EMCC. Retention rate for all physics courses has been greater than 90% over the last
three semesters. Anecdotal information indicates that most of these students successfully
transfer to a four-year institution. The physics program at EMCC is too new to provide
tracking data of its students. The high retention rates, the high gain on standardized
assessment instruments, and the “buy-in for the innovations” from interviewed students
testify to the appropriateness of the selected curriculum and pedagogy.

The combination of all the minority physics students at EMCC is approximately

50%, which is double the national average and higher than EMCC’s minority student
population. The Hispanic physics student population is nearly 40%, which is five times
the national average and larger than the Hispanic student population college wide.

Students planning to become K-12 teachers comprise 20% of the physics enrollment at
EMCC. The identification of education majors in introductory physics is a pioneering
effort among the physics programs at two-year colleges. Articulation agreements and
collaboration between EMCC and the education departments at Arizona State University
and Arizona State University West facilitate the seamless transfer of education majors
from the community college as well has to ensure the provision of quality science and
physics preparatory courses for these majors.

Keys to Making the Changes
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1.

Strong Administrative Support. The administration at EMCC is receptive to academic
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change, initiated at the faculty level, and works cooperatively with its faculty to

provide the resources, with internal and external funds, necessary to implement and
maintain change. The administration also encourages and supports the development and
maintenance of a student pipeline from the local elementary schools through the transfer
university. The administration has identified and adheres to its institutional strategic
directions and goals for the next five years. Much of the philosophical foundation for
the college’s strategic planning is based on the findings from the NSF symposium

held at EMCC on “Best Practices for Student Achievement in Science, Mathematics,
Engineering and Technology in 2-Year Hispanic Serving Institutions.”

The physics program, as one component of the Science and Math Division at EMCC,
has evolved slowly and deliberately since the opening of the campus. The establishment
of a physics program, with the hiring of a full-time physics faculty member, was
precipitated by the specified institutional goal to implement an engineering program
within the next few years. The search for the full-time physics faculty member was also
well defined and deliberate. The administration wanted a teacher with demonstrated
experience in best teaching practices appropriate to the needs and career goals of the
EMCC student body.

The dean of instruction allocated the resources for the newly hired full-time physics
faculty in 2001 to create a microcomputer-based laboratory for all physics classes

and will allocate resources to remodel a lab area during the summer of 2003 to better
accommodate the Modeling Method innovation used in all physics classes. The dean has
also stated that the college will continue to update the physics program’s computer and
technology needs on a regular basis.

Innovative Curriculum Appropriate to Student Needs. The physics program offers an
innovative approach to teaching introductory physics at all levels. The Modeling Method
is an adaptation of the innovations used successfully in many high schools across the
country. Students work together cooperatively in small groups and then discuss their
conclusions as a whole in one large group, thus “actively engaging” students in the
learning process. In addition, the physics faculty uses a class management technique,
Modeling Discourse Management Method, that forces students to take ownership of
their learning. Each semester the physics faculty incorporates design projects relevant

to everyday life that serve as capstone experiences. A physics bridging course has been
a significant contributor to the program’s success in preparing students for academic
success in the college-level physics courses at EMCC. Minority students comprise about
80% of the enrollment in this course.

Commitment of Physics Faculty to Quality Education. The physics faculty is
committed to providing quality physics education to all students. The faculty member is
accessible to students and is an effective facilitator in their learning process. In addition
he is an active and visible participant within the broader physics and physics education
communities.

The physics faculty member implemented the Modeling Method because the faculty
felt, based on his training and experience in physics education research at Arizona State
University, that this technique best addressed the learning needs and career goals of the
diverse student body at EMCC. He is actively involved in professional societies such

as the American Association of Physics Teachers, the Arizona Section of AAPT and the
Maricopa Area Physics Teachers, connecting him to the broader physics communities. In
addition, the faculty member works collaboratively with the Physics Education Research
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group at Arizona State University and the nationwide Modeling Program.

The physics faculty member is also actively engaged in outreach activities at EMCC
to increase the number of STEM majors, to increase the enrollment of students from
underrepresented groups, and to increase the number of students planning to become
K-12 science and math teachers. The physics faculty member maintains close ties and
partnering activities with the physics faculty at the transfer institution, Arizona State
University, and local industries. He arranges for his students to visit physics classes
and faculty at the transfer university and for representatives from both industry and the
transfer universities to visit his students during class time at EMCC.

A Supportive Environment. Interactions and collaborations among faculty, students,
and administration are nurtured by the small size of the campus, the small class
enrollments, the integration of physics within the Science and Math Division, and the
institutional focus to prepare the EMCC students for success in both their academic
studies and career pursuits. The science-math faculty and support services staff effect a
community of support for both the physics faculty and the physics students.

Estrella Mountain Community College provides institutional initiatives that strengthen
the links between its STEM academic programs and the local schools, the general
public, local industries, and universities. The NASA Center for Success in Math and
Science provides outreach activities to pre-college and college students in its efforts to
ensure that underrepresented groups are fully prepared to pursue careers that require
mastery in mathematics and science. Several programs, such as the Young Scholars
Program, the NASA Summer Academy, and the AMAS Summer Bridge Program, target
the recruitment and preparation of entering freshmen from among the underrepresented
populations, thereby helping to enhance the retention of students in academic programs
at EMCC. The college has also received an NSF-funded CSEMS (Computer Science,
Engineering and Mathematics Scholarship) award providing scholarships for students
pursuing studies in computer science, engineering, and math. Through the Inspire.
Teach Program the college in partnership with two transfer institutions, Arizona State
University, and Arizona State University West, has developed a new science-math
template in an effort to better prepare future teachers of science and math.

For more information contact:

Dwain Desbien

Estrella Mountain Community College

3000 North Dysart Road

Avondale, AZ 85323-1000

Phone: 623-935-8474

Email: dwain.desbien@emcmail.maricopa.edu
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Gainesville College

Institutional Setting

Gainesville College is a unit of the University System of Georgia. It is located in Gainesville,

50 miles from downtown Atlanta, on the shores of Lake Lanier and is the gateway to the
Northeast Georgia Mountains. Gainesville College was established in 1966 and has grown to

an enrollment of 3,500+ students. Gainesville College (GC) has recently opened a campus in
Athens, GA, which has shown significant growth in a period of a few years. Gainesville College
has primarily an academic mission with an adjoining institution, Lanier Technical College, which
has occupational and vocational programs. Gainesville College has developed a reputation for
teaching excellence and innovation in the University System, which is validated by several
measures. GC students do very well upon transfer to baccalaureate programs and increase their
GPA on the average. The college received the most exceptional commendations in its recent self-
study and re-accreditation process.
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The Physics Department is in the Division of Natural Sciences, Engineering and Technology
which is administered by a division chair. There are two options available to students within the
physics program—associate science degree in physics or associate science degree in physics
education.

Gainesville College provides the typical range of physics courses including the two-semester
algebra-based physics sequence and the two-semester calculus-based physics sequence designed
for science and engineering majors. A two-semester integrated science sequence serves the
general education needs of non-technical and non-STEM majors and education majors.

What Has Been Done

Over the last few years, the physics program at Gainesville College has developed a successful
program. To accomplish this program change, GC’s physics program has done the following:

1.  The GC physics program utilizes various forms of technology. It has not only
implemented microcomputer-based laboratory (MBL) activities in all its physics
courses, but it has also implemented use of the Internet to supplement in-class
instruction, homework, and out-of-class activities. GC’s MBL uses modular self-
contained stations (12) that allow minimum setup and tear-down time for different
physics classes. GC’s MBL utilizes traditional MBL activities, digital video analysis,
and 3-D activities using global position system units. Instructors use a SoftBoard
(allowing them to quickly upload their lecture notes to their webpage) as part of their
instruction with wireless keypads to poll their students during instruction. By using
WebAssign and WebCT as an instruction tool, physics instructors give students access to
quizzes, homework, and other resources designed for their individual use.

2. All physics classes are taught as a combined lecture/laboratory class allowing students
to perform activities and labs at any time during instruction.

3. GC’s physics program expanded its facilities when the division moved into its new
building in the fall 2000. The new building allowed a technology update for the program
and more integrated use of technology within the physics courses and program.

4. Gainesville College is a Regents’ Engineering Transform Program (RETP) institution,
which guarantees that qualified students who complete their pre-engineering curriculum
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at GC will transfer to the Georgia Institute of Technology. GC sends 15 to 20 students a
year (all physics students) to Georgia Institute of Technology as part of the RETP.

A Society of Physics Student chapter has become very active and provides many
activities that are also attractive to engineering and mathematics students.

Indicators of Success

The physics program at Gainesville College has a number of strong indicators to demonstrate
their success over the last few years.

74

1.

GC has a large number of physics majors. It has had two to four students each year

who are physics majors and who later transfer to four-year institutions to obtain their
baccalaureate degree in physics. Additionally, GC has about five students each year who
later become K-12 physical science teachers.

GC has a large number of STEM majors who take physics. In addition to a growing
number of pre-professional and allied health majors, the physics program has a healthy
number of technology majors and majors in geographic information science. Physics
students from GC have an almost 100% rate of completion of a baccalaureate in a
STEM discipline.

The GC physics program has seen a steady enrollment growth the past three years,
due primarily to the growth of engineering majors, growth in other STEM areas, and
expansion and updating of facilities when the division moved into the new Science
Building. This growth has been particularly large in the calculus-based sequence.

Students from GC who transfer to four-year institutions (nearly 400 during the
academic year 1999-2000) actually improved their grade-point averages at the four-year
institutions. This same trend is true for physics students who transfer to the University
of Georgia, North Georgia College and State University, and Southern Polytechnic State
University. Virtually all physics students transfer to four-year institutions.

The number of female physics students has increased and is comparable to the national
average. The number of minority physics students has increased and is now significantly
higher than the national average and the Gainesville College average. GC is the largest
transfer feeder school to Southern Polytechnic State University. GC physics enrollment
has about 60% of its students who graduated from rural high schools and approximately
50% of its students are first-generation college students.

Physics students polled during the last two years have consistently indicated satisfaction
with the technology used in the physics program. Of the nearly 59 students polled,

well over 90% thought the lecture/lab combined class made for a more effective
learning experience, thought that the WebAssign homework aided their physics learning
experience, that collaborative problem solving in class was helpful to learning, that
“cycling” through lecture-activity-lab was helpful in learning physics, and that the
technology used in the class added to their physics learning experience.

The GC physics program has received strong administrative support from the division
chair to the president in the form of funding for equipment and facilities and recognition
of the efforts of the physics faculty. The division chair in particular is intimately aware
of the goals of the physics program and actively supports them.

Strong collegial support from other faculty members in mathematics, engineering, life
sciences, and other physical sciences have led to a common goal in the SMET programs.
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Faculty members work together to promote each others programs and they conduct
with their students science educational programs for the community and K-12 schools,
including giving science shows and providing professional development opportunities
for K-12 teachers.

Keys to Making the Changes

There are several “keys” that have allowed the GC physics program to make the programmatic
changes that have led to their success.

1. Supportive Administration. The administration is well aware of the excellent work
that the physics program does both on and off the GC campus. Empowerment has been
given to the deans, division heads, and the program director to experiment, develop new
ideas and programs, and receive training for the betterment of education and teaching in
general.

2. Supportive Technical Structure. The Information Technology (IT) Department
provides outstanding support for the physics program as well as others. Many of the
IT employees are ex-physics students and understand what the program is striving to
achieve. Both the director and the Science Division IT specialist were “in tune” with
and supportive of the mission of the physics program.

3. Supportive Collegial and Professional Leadership. Gainesville College has a very
collegial environment with a lot of interaction between faculty across all disciplines.
The “Learning Communities” project further encourages interdisciplinary professional
interaction and curricular design. The Natural Sciences, Engineering and Technology
Division is also a very collegial group and they all have a rich personal and professional
interaction. This professional interaction helps fuel a noncompetitive, yet richly active,
professional environment.

4. Faculty Leadership. The professional leadership provided by the faculty is the
cornerstone to GC’s superior program. The faculty is extremely enthusiastic about
teaching physics, brings a positive attitude to work everyday and demonstrates mastery
of the subject matter. The results of faculty leadership can be seen in the well planned
out curriculum package. It can be seen in the well thought out and planned science
building, and also the culture and communication abilities that are brought into the
program.

For more information contact:
J.B. Sharma

Gainesville College

Department of Physics

P.O. Box 1358

Gainesville, GA 30503

Phone: 770-718-3812

Email: jsharma@ gc.peachnet.edu
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Green River Community College

Institutional Setting

Named after the river that winds through most of its service area, Green River Community
College, in Auburn, WA, is a two-year public college that offers degrees and certificates in
academic and professional and technical programs, as well as courses in continuing education
and developmental education. Located on 186 acres, Green River Community College (GRCC)
has been committed to maintaining the ecological integrity of the campus’s forested growth.
Students enjoy this beautiful campus in its safe and peaceful environment.

A core of about 120 full-time faculty and 210 part-time faculty teach daytime and evening
classes. The student population is approximately 9,000—both full-time and part-time students—
and features a growing diversity of ages and ethnic backgrounds. The roots of GRCC stretch
back to 1945, when the Auburn School District started a program of adult evening education,
which soon became the largest in the state. The popularity of the program convinced citizens
from the surrounding communities that the Green River Valley needed its own community
college. Local committees began working to secure state approval to start a community college
in 1959. In 1963, the determination of local citizens paid off when the State Board of Education
approved the community college.

GRCC’s professional and technical program began in September 1964 at a location near
the Auburn Boeing plant. A year later, Green River Community College opened its doors at its
present location on Lea Hill, east of Auburn. This favorable location is easy to reach from local
communities and is a 40-minute drive from either Seattle or Tacoma. With increasing demand
for higher education, GRCC has opened satellite campuses in Kent and Enumclaw. The 1967
Washington State Legislature defines Green River Community College’s service area as District
10. A five-member board of trustees governs the college. Financial support comes from state
appropriations and student tuition.

The physics program provides a broad range of courses including a one-quarter physics course
for liberal arts majors, a one-quarter astronomy course, a three-quarter algebra-based physics
sequence, and a three-quarter calculus-based physics sequence. The physics program also offers
a two-credit hour course in electromagnetism for physics and certain engineering majors and a
three-credit hour course in Modern Physics. In addition, the physics program actively participates
in a three-quarter interdisciplinary science sequence for future elementary school teachers.

GRCC has three full-time faculty members, several part-time faculty members, and a laboratory
technician to support the physics program.

What Has Been Done

Over a number of years, the physics program at Green River Community College has developed
into an innovative, successful program. To accomplish this program change, GRCC’s physics
program has done the following:

1. The inquiry approach to teaching introductory physics has been adopted in all physics
courses. The inquiry approach is used by all full-time and part-time physics instructors.

2. Longer class periods have been instituted in physics classes to allow more time for
activities during every class period. In many physics classes, there is no distinction
between “lecture” and “lab.”

3. Microcomputer-based activities, video-based activities, spreadsheet and computational
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activities have been instituted and are used extensively in all physics classes.

A three-quarter interdisciplinary science sequence has been created for pre-elementary
education majors.

A special course in electricity and magnetism was created for physics and electrical
engineering majors to better prepare them for their upper-division undergraduate courses
once they transfer to a four-year institution. A modern physics course is also annually
offered to aid these students.

A third full-time physics faculty member has been added to accommodate increased
demand for physics classes. Additional sections are also being added for both the
calculus-based sequence and the pre-elementary education interdisciplinary science
sequence.

Faculty have consistently tracked students after they have transferred from GRCC.
This tracking of students has given faculty valuable feedback on how well their GRCC
programs have prepared students for their transfer programs and has led to significant
program changes.

Consistent and long-term collegial interaction with other science, technology,
engineering, and mathematics (STEM) faculty members has led to a number of team
taught courses as well as changes to both the physics program and physics courses.

Long-term cooperation and communication with the GRCC administration has benefited
the physics program.

Indicators of Success

The GRCC physics program has a number of strong indicators to demonstrate their success over
the last few years.

1.

GRCC has a large number of physics majors. It transfers three to seven physics majors
each year to four-year colleges and universities. This is an unusually large number of
physics majors for a two-year college.

The physics majors who transfer from GRCC have consistently obtained their
baccalaureate degrees. Many of these physics graduates have received employment
immediately, while several have chosen to pursue graduate degrees in physics.

The number of STEM majors for an institution the size of GRCC is large. GRCC
transfers more than 50 engineering majors, three to seven physics majors, and a number
of other science, mathematics, and technology majors each year. Of the transferring
physics and engineering majors, 94% intend to get a baccalaureate degree in a STEM
field and 54% plan to pursue an advanced degree.

During the past several years, only one student that has graduated from GRCC with a
pre-engineering degree has failed to complete a bachelor’s degree in engineering. (This
is out of about 400 students!)

GRCC has strong minority and female student enrollments in all of its physics courses.
The use of inquiry methods in all physics classes has led to greater student retention and
understanding.

GRCC has very high retention rates in all its physics courses. The retention rate for
the calculus-based sequence has been around 80% and for the interdisciplinary science
sequence over 80%.

GRCC physics students have performed extremely well on national assessment
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10.

11.

instruments. Post-test scores and gains on the Force Concept Inventory have been much
higher than the national average.

GRCC has an unusually strong emphasis on students who plan to become K-12 math
and science teachers. The pre-elementary education program, as represented by Project
Teach, originated in the physics area and now involves all the sciences and mathematics.
Project Teach is a nationally recognized, exemplary program and is a model being
copied by various other institutions around the country.

Students are actively involved in the instruction and excited about what they are
learning in physics. This student involvement has led to active student organizations.

The GRCC administration from division level through the Office of the President are
aware of what the physics program is trying to accomplish and supports both financially
and philosophically their endeavors.

Keys to Making the Changes

There are several “keys” that have allowed the GRCC physics program to make the
programmatic changes that have led to their success.

78

1.

A Strong Collegial Spirit among STEM Faculty. Some of this collegial spirit is enhanced
due to the close office proximity of the math and engineering faculty to the physics
faculty. Collaboration among the faculty is recognized as an essential ingredient in both
the hiring and evaluation process of new full-time and part-time faculty. There is a process
in place for removing faculty who do not align with the mission of the physics program.
There exists a strong mentoring program for new full-time and part-time faculty.

Long-Term (more than 30 years) Quality Leadership in Physics Program. One or
more strong faculty members have a clear vision of the future direction of the physics
program. GRCC has benefited from having multiple full-time physics faculty members.
There was a well-defined transitional period from old to new leadership within the
physics program. In part due to this long-term leadership, transfer institutions have
respect for the GRCC physics program and the physics faculty as individuals. GRCC
offers an attractive environment where there are rewards to staying a long time.

Attitude Stressing Innovation and a Commitment to Inquiry-Based Teaching. The
GRCC faculty union gives the faculty freedom to innovate with the support of the
administration. The commitment to inquiry-based teaching is stressed even in the hiring
of new faculty. There is institutional support for curricular improvement in the form of
grants and released time.

Strong Student Commitment to the Program. The physics faculty is dedicated to
student learning. Active student organizations enhance student participation and student
learning. There is a well defined and functional advising process and students receive
sound advising from the faculty. The physics program is recommended by other STEM
faculty and the administration.

For more information contact:

Keith Clay

Green River Community College

Department of Physics

12401 SE 320th S.

Auburn, WA 98092-3699

Phone: 253-833-9111 x 4248; Email: kclay @grcc.ctc.edu
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Howard Community College

Institutional Setting

Howard Community College is located in Howard County, MD, just north of Washington, D.C.,
and southwest of Baltimore. The college was established in 1970 and now has about 6,000
students following an academic transfer or career path making up a population of approximately
4,000 FTE. Another 12,000 people take courses for personal or professional development.
Unduplicated students number 8,000. There is about a 60/40 ratio of students in transfer to
career path programs. Howard Community College is currently the college of choice for 46% of
all undergraduates from Howard County, an increase from 20% of the same student population
in the early years of the college’s existence. Students cited three reasons for choosing Howard
Community College: “We can stay at home;” “the cost is affordable;” and “the college has a
good reputation.” Fees for in-county students are less than half of those for in-state but out-of-
county residents.

Community colleges in Maryland are organized and funded, in part, at the county level.
Howard Community College’s current budget is funded approximately 40% by county
appropriation, 40% by tuition, and 20% by the state appropriation. A governor-appointed Board
of Trustees composed of Howard County citizens oversees the operation of the college, approves
tuition, hires the president, etc. The Maryland Higher Education Commission approves all new
programs, and the Maryland Association of Community Colleges provides some coordination
between course offerings and programs. However, there is no statewide system of course
descriptions, objectives, or numbering.

The physics program is located in the Science and Technology Division with the Chemistry,
Earth and Space Science, Biology, Engineering, and Technology programs. There are currently
two full-time faculty members teaching in the physics program, with the second person mainly
responsible for the new two-semester sequence for pre-service elementary teachers. A shared full-
time faculty member is responsible for teaching many of the physics and chemistry laboratories.
A laboratory manager is responsible for setting up and stocking most of the laboratories for
physics and chemistry courses.

The HCC physics program offers a wide range of physics courses including a one-semester
technical physics course, a two-semester physical science and earth and space science sequence,
a two-semester algebra-based physics sequence and a three-semester calculus-based physics
sequence.

What Has Been Done

1. Microcomputer-based laboratories (MBL) have been introduced in all the physics
courses, especially the calculus- and trig-based sequences. More than 65% of the first-
semester laboratories and 50% of the second-semester laboratories use MBL equipment.
Data analysis is carried out using Excel spreadsheets and the Vernier Graphical Analysis
software. Some of the funding for adding MBL to the physics program was provided by
a Howard Community College challenge grant.

2. Although the “lecture” and laboratory portion of the course are not integrated, special
attempts are made to address student misconceptions in the lecture portion of the course
using interactive lecture demonstrations (ILD), web-based activities, Interactive Physics,
and similar resources. A Science Problem Solving CD-ROM was developed by Howard
Community College faculty to use in several science courses, including physics.
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Project Findings

Misconception pre-tests are given before most units in the trig-based sequence to
identify those concepts that need extra attention in the classroom presentations. The in-
class activities and assignments are designed to address those concepts.

The Force Concept Inventory, Conceptual Survey in Electricity, and Conceptual Survey
in Magnetism have been used occasionally as pre- and post-tests, especially for the
outcomes assessment projects that are done periodically throughout the Division of
Science and Technology and the college.

A two-course sequence has been developed for pre-service elementary teachers—PHY S-
106, Earth and Space Science, and PHYS-107, Physical Science. The courses have

been designed to cover the essential topics identified in the Maryland core physics,
earth/ space and chemistry standards for K-8 students. Both courses make heavy use

of inquiry-based lab activities taught in a constructivist learning style. A new full-time
faculty member, Sharon Lyon, has been hired to teach the Earth and Space Science
course.

Howard Community College Faculty Summer Grant Program and Teaching
Improvement Project funds were obtained to purchase new equipment, fund travel to
meetings and workshops, update course objectives, and develop problem and concept
worksheets.

Indicators of Success

80

1.

Positive student comments on questionnaires and numerical ratings for Teacher
Improvement Projects.

High passing grades on the science/mathematics portion of the Cardiovascular
Technology Certification Science Test by the students in the Technical Physical Science
class.

Increasing enrollments in the last three years for most of the physics courses, especially
the courses for pre-service elementary teachers.

Anecdotal evidence that students transferring to colleges and universities in the
Maryland system are very successful. Former Howard Community College students
interviewed during the site visit were very complimentary of the preparation they
received in the physics program.

A very positive relationship exists between Howard County’s K-12 school system and
Howard Community College, especially the two full-time faculty members involved in
the physics program.

Enrollment in physics courses by minority students has a similar profile as the number
of minority students enrolled in the college. Minority students make up about 40% of
the enrollment in physics.

Enrollment in all physics courses by female students is greater than 40% as compared
to a college enrollment by females of approximately 60%. Enrollment by females in the
calculus-based sequence is typically close to 30%.

The high percentage of Howard County students that enroll at Howard Community
College sometime during their higher education experience.
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Keys to Making the Changes

1. Faculty Focus on Student Learning. Professor Russ Poch has been teaching physics
at Howard Community College for 31 years. He has been responsible for obtaining
funds and other support to upgrade the laboratories with MBL equipment and other
technology. He regularly participates in faculty development opportunities that result in
new learning and assessment methods being introduced to the classroom.

2. Strong Administrative Support. There is strong support for the physics program and
the changes being made in the program by all levels of the administration from Science
and Technology Division Chairman Dan Friedman, to College President Mary Ellen
Duncan. Funds have been provided to the physics program to support the introduction of
MBL equipment in the laboratory, as well as faculty participation in various workshops
and other professional development activities.

3. Strong Community Support. There is strong support for Howard Community College
from the citizens of Howard County. The county provides significant support to the
college through its tax dollars which allows the college to provide the infrastructure and
quality instruction that encourages students from the county to enroll in the programs
offered by the college. The recently completed classroom building that includes
computer laboratories and high-tech classrooms to bring the total number of computer
workstations available on campus to more than 3000 is an example of this significant
support.

4. Cooperation among Faculty and Administration. There is a very strong collegial
relationship between faculty and between the faculty and administration. Both entities
seem to have the welfare of the students as their greatest area of concern.

5. Active Outreach to Pre-College Teachers. Professor Poch has played an active role in
K-12 science education at the county level. He currently serves as chairperson of the
Howard County Science Advisory Committee that advises the public school system on
science curriculum issues.

6. Faculty Involvement in the Development of State Teacher Standards. Professor Poch
served as the Howard Community College representative to the statewide Maryland
Articulation Partnership for Teachers (MAPT) committee which developed the science
curriculum for the associate of arts in teaching degree for pre-service elementary
teachers. He is also serving on the MAPT committee that is designing the curriculum for
the Physics Secondary Education Transfer program.

For more information contact:
Russ Poch

Howard Community College
10901 Little Patuxent Parkway
Columbia, MD 21044

Phone: 410-772-4891

Email: rpoch@howardcc.edu
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Project Findings

Lord Fairfax Community College

Institutional Setting

Lord Fairfax Community College, Middletown, VA, is a comprehensive, nonresidential, two-
year public community college located in northwest Virginia. The college was founded in 1970
to serve the citizens of Clarke, Fauquier, Frederick, Page, Rappahannock, Shenandoah, and
Warren counties and the city of Winchester. The service area encompasses 2,559 square miles
and has a population of approximately 237,500. Between 1980 and 2000, the college’s service
area population increased by more than 23%. Lord Fairfax Community College’s annualized
full-time equivalent (FTE) enrollment has doubled over the past decade, reaching an enrollment
of 2,470 in 2001-2002 (1,981 at the Middletown Campus and 489 at the Fauquier Campus). The
unduplicated headcount has increased from 4,482 in 1991-1992 to 6,630 in 2001-2002.

The college operates as part of the Virginia Community College System, which is
administered by the State Board for Community Colleges. The chancellor is the chief executive
officer of the system and is responsible for statewide planning and coordination of the 23-campus
system. The chief administrative officer of the college is the president, who is responsible for
the organization and operation of the college in accordance with the policies, procedures, and
regulations of the State Board, the Virginia Community College System, and the local College
Board. Lord Fairfax Community College is accredited by the Commission on Colleges of the
Southern Association of Colleges and Schools to award the associate degree.

The 2001-2002 budget for the college was $13.8 million, 97% of which comes from state
funds with the remaining coming from grants and the college foundation. All colleges in the
Virginia Community College System charge the same tuition, which is currently $57.71 per
credit hour. The typical teaching load for faculty is 12 to 15 credits per semester (15 to 20 contact
hours). There are approximately 50 full-time faculty and 189 part-time or adjunct faculty. The
interim president estimated that 50% of the FTE are taught by full-time faculty and 50% by
adjunct faculty.

The physics program at Lord Fairfax Community College is located in the Division of
Mathematics, Science, and Technology. The program has one full-time faculty member at the
main campus in Middletown and a part-time faculty member at the Fauquier campus. An adjunct
faculty member is employed occasionally to teach astronomy. There are no other support staff
available to the program except shared secretarial support through the Division Dean’s office.

What Has Been Done

Lord Fairfax Community College offers three physics course sequences that serve the transfer
and career needs of the current students: a calculus-based three-semester sequence (PHY241,
242, 243) taken primarily by engineering students and a few physical science transfer students;
an algebra-trig-based two-semester sequence (PHY201, 202) taken mainly by engineering
technology, life science, and liberal arts students; and an algebra-based conceptual-level sequence
(PHY101, 102) intended primarily for pre-service K-12 teachers.

1. Professor William Warren, who has been at Lord Fairfax since 1984, made a significant
change in the way these courses were taught beginning in 1992 when he began to use
Workshop Physics in all the physics courses. The Workshop Physics approach was
extended to the PHY101-102 sequence this past academic year.

2. All the courses are taught in three 2-hour blocks or two 3-hour blocks each week for a

82 SPIN-UP/TYC Project Report



total of six contact hours for the four credit courses. Students work through a 20-page
handout each week in a collaborative arrangement of three or four students at each
station.

All the physics classes use a significant amount of MBL equipment that was purchased
with an NSF ILI grant and matching college funds in 1992. Plans are in place to replace
the aging microcomputers used in the laboratory with either new Macintosh or high-end
PC machines before the start of the 2003-2004 academic year.

The Force Concept Inventory is used as a pre- and post-test in the first semester of all
courses and the gains in student scores average about 20 to 30%. This is about double
the gain obtained before Workshop Physics was implemented at Lord Fairfax.

By moving to the Workshop Physics approach, the physics program has been able to
continue offering low-enrollment sections of PHY242 by “stacking” the section with
a section of PHY202. Students from both classes meet at the same time and work
independently through similar materials but at a slightly different level and pace.

Virginia has instituted a Master Course File system for the Virginia Community College
System. Every course in the community college system with the same number has the
same course objectives. This simplifies the transfer of courses to any public institution
in Virginia. In addition, transfer guides to all institutions in the state are available online.

The PHY101-102 conceptual physics sequence provides a very strong inquiry-based
sequence for pre-service elementary teachers. Because these pre-service teachers can
complete their entire four-year program at LFCC through Old Dominion University’s
TeleTechNet distance learning system, there is a good potential for growth in enrollment
of this course.

Indicators of Success

1.

Lord Fairfax Community College’s Office of Planning and Research does a follow-up
survey of transfer students after one year and three years with about a 30% return rate.
A transfer summary for recent LFCC physics students from the State Council for Higher
Education for Virginia (SCHEV) showed 50% of the students transferring to STEM
programs with 80% of those students being in good academic