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AAPT Guidelines for Two-Year
College Physics Programs

The American Association (..: Physics Teachers (AAPT) is actively committed to
the support of high-quality physics education at the two-year college level. The fol-
lowing professional guidelines ha ve been prepared to serve as:

A guide for institutional self studies and program reviews;

A resource for regional accrediting groups when revising self-study
guidelines and conducting visitations for assessment of programs; and

A guide to assist two-year college presidents, deans, and physics
professors in developing reasonable standards to assure quality
physics instruction "kti two-year college physics departments.

These guidelines were developed by a task force on physics in the two-year col-
leges, a committee concerned with the quality of instruction in two-year colleges. A
preliminary draft was circulated widely within the physics-teaching profession. These
guidelines have been adopted by the AAPT to serve as official standards by which in-
terested persons may assess physics instruction in two-year colleges.

The task force on physics in the two-year colleges appreciated the help and direc-
tion of Guidelines for Chemistry and Chemical Technology Programs in the Two-Year
Colleges by the American Chemical Society (ACS). Many two-year colleges have divi-
sions or departments that contain both subjects. Consistency, when pos:;ible, should
make for easier implementation.

AAPT Guidelines
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Preamble
The quality of a two-year physics program is determined in part by the quality of

the preparation and the overall workloads of its faculty, as well as the adequacies of
departments' budgets, facilities, and support services.

If the college administration or its Board of Trus.ces has a nan ow view of physics,
or if there is not an awareness of the need for a broadly prepared physics faculty who
are active as professional physicists, the physics program cannot remain strong, re-
gardless of its other assets.

"Diversity" most aptly describes the ph,sics courses offered in two-year colleges.
The need for a wide variety of counes arises from the service role of the physics de-
partment. Specialized courses in physics are often requested for students in specific
two-year vocational and technical programs. Also, the lack of adequate preparation in
mathematics and/or science by many two-year college students necessitates the offer-
ing of developmental courses prior to their enrollment in the conventional college
physics courses.

Physics is an experimental science. Therefore, laboratory experiences should bT,
an integral part of the physics curriculum. Excluding experimental learning experi-
ences in physics is analogous to the elimination of physical training from the physical
education ce -iculum, or to the deemphasis of practice on a musical instrument in a
music program. Students have more difficulty understanding the relationship between
physical theory and experimental evidence without the personal experience of
designing and conducting experiments.

4 AAPT Guidelines
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How to Use These Guidelines
Aims of Guidelines

The guidelines are meant to help two-year institutions provide physics students
with the best possible education in the fundamental areas of physics and its relation to
other disciplines and to society. To achieve this goal, general curricular guidelines
rather than specific curricular content are defined. Implementing these guidelines can
help ensure that the physics course offerings and programs of an institution

are consistent with the mission of the institution;

meet the needs of the diverse backgxounds and abilities of entering
students;

utilize and enhance the strengths of the institution and the community;

articulate with the physics programs at those four-year colleges to
which most students transfer;

are comparable to progxams of recognized quality;

meet local industries' needs for technical personnel; and

augment the continuing education and other local community physics
education needs.

Types of Institutions
The guidelines are designed to accommodate all those postsecondary institutions

generally referred to as two-year, associate-degree-granting colleges. They attempt to
take into account the great diversity of these institntions and their programs, the great
heterogeneity of the student body, the diverse curriculum, and other characteristics
unique to these institutions. The guidelines describe standards for a comprehensive
two-year college physics program. Institutions that do not have a comprehensive mis-
sion may find that some of these standards are not applicable to their mission. In such
cases, only those standards applicable to their mission should be used in the review
pa ocess. Institutions that have low enrollments may find it difficult to achieve some of
these standards. In such cases, the guidelines may help give a direction to future pro-
gram development and grcwth.

Use of Guidelines
These guidelines are intended to improve programs rather than to approve or dis-

approve them. Institutions should carefully consider their rationale for deviation from
a standard and provide explanation in a progxam assessment document. External con-
sultants can evaluate these self-study reports to determine if theguideline.) are bcing
followed as closely as feasible.

AAPT Guidelines
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Starting a Physics Program
Assessment at Two-Year Colleges

Today, two-year colleges (public or private) may be called community, technical,
or junior colleges depending upon the primary focus of their academic mission. The
American Association of Community and Junior Colleges (AACJC) recognizes them
as regionally accredited, postsecondary institutions at which th, associate degree is
the highest credential awarded. [Jim Palmer (Editor), "A Summary of Selected Na-
tional Data Pertaining to Community, Technical, and Junior Colleges," Appendix for
AAC1C Statistical Yearbook 1988 (AACJC, Washington, DC, 1988), p. A2.] Appen-
dix A outlines the development of the two-year college in the United States.

The majority of these institutions today are best described as community colleges,
even though some still retain the title "junior" college. Therefore, these guidelines es-
tablish standards for a two-year college physics/astronomy program that should meet
the needs of the comprehensive commenity college as it enters the twenty-first cen-
tury. Appendix B presents a descriptior )f the mission of a typical community college.

When using these guidelines as the basis for a program assessment, physics de-
partments should not only clarify for the reader the educational mission of their par-
ticular two-year institution, but they should also describe now their college functions
within the state's higher education system. This would be most helpful for readers un-
familiar with the role of two-year colleges within the higher education system of a par-
ticular state. For certain types of program assessments, a discussion of the college's
funding sources and the internal buIgeting process of the college may also be appro-
priate. A description of the administrative structure of the college and of how the
physics faculty function as an independent group within this structure can point out
the unique strengths of the more interdisciplinary approach to administration used in
most two-year colleges. In addition, the physics program assessment should outline
the decision-making processes used within the division/department in which physics
faculty operate as a unit, as well as those that are employed within the college as a
whole.

Characterized by an egalitarian "open-dcar" admissions polky that does not nec-
essarily include "open-program" admissions, the .:ommunity college is faced with the
challenge of meeting the educational needs of a growing and increasingly diverse stu-
dent population. Current data [National Center for Education Statistics, Nationai Es-
tirnates of Higher Education: School Year 1988-89 (U.S. Department of Education,
Washington, DC, December 1988); Jim Palmer (Editor), "A Summary of Selected Na-
tional Data Pertaining to Community, Technical, and Junior Colleges," Appendix for
AACJC Statistical Yearbook 1988 (AACJC, Washington, DC, 1988), pp. A4-A5; Na-
tional Center for Education Statistics, Trends in Minority Enrollments in Higher Edu-
cation, Fall 1976-Fall 1986 (U.S. Department of Education, Washington, DC, April
1988)] show that two-year colleges serve a credit enrollment population that encom-
passes:

53 percent of all entering college freshmen;

6 AAPT Guidelines
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Program Assessment

43 percent of all college undergraduates;

43 percent of all Black college students;

55 percent of all Hispanic college students;

57 percent of all American Indian/Alaskan Native college students; and

15 percent of all nonresident alien coilege students.

Presently, over 5 million learners a year enroll for credit in community, tecnnical,
or junior colleges; the majority (over 60 percent) are part-time students, compared to
a 1970 part-time student enrollment of 40 percent. This shift in attendance pattern is
largely due to the increasing number of adults, 25 years and older, taking advantage of
postsecondary educational opportunities. The average age of students at public com-
munity colleges is over 28. The growing participation of minorities, women, and new
immigrants in two-year college education has also contributed to the large number of
part-time students. Women presently account for over 53 percent of community col-
lege credit enrollments as compared to 47 percent in 1976.

Although the above establishes a national profile of today's two-year college pop-
ulation and, to some extent, a profile of the students served by a community college's
physics program, no hard data exist as to the number (or percent) and types of stu-
dents who avail themselves of the various courses offerLd by two-year college physics
departments. At present, this must be inferred from other statistics and/or anecdotal
information. A physics department embarking upon an assessment of its program
would be well advised to make use of its institutional data base to Jetermine a profile
of the students it serves. The inclusion of statistics regarding what students do after
completion of their physics course(s), or after graduation, would assist the reader in
formulating a clear picture of the physics student population.

The program assessment should also clearly state the role that physics plays within
the educational mission of the community college. This role is delineated both by the
educational goals of the surrounding community and those of the students enrolling in
the various courses offered by the physics department. Attempts to ascertain the edu-
cational goals of two-year college students, both at the state and national levels, have
not always yielded cordstent results, which is not surprising when one considers the
wide diversity of two-year college student populations within a state or across the na-
tion. However, the following goals frequently appear in many studies:

To prepare for transfer to a four-year college or university;

* To acquire skills needed for a new occupation;

To acquire skills needed for a current occupation;

To fulfill a personal interest; and/or

To improve basic skills.

AAPT Guidelines 7
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demic goals, the department should comment upon how their courses are designed,
scheduled, and conducted to meet the needs of different student gyoups. For exam-
ple, occupational-technical students prefer a more practical, hands-on approach to
physics; they want to see how physics is applied within their technical field of study.
These preferences call for a physics course very different from the one that is typically
presented to pre-engineering students. Other information that would prove helpful to
readers unfamiliar with the role of physics within a two-year college includes the:

Availability of honors courses and opportunities for independent
study within the physics program;

Means used for identifying and addressing students' "readiness" for
entrance into physics courses;

Instructional format used to identify and address students'
misconceptions concerning physics;

Ways in which computers and other technology are integrated into the
instructional program; and

Use and effectiveness of articulation programs with "feeder" high
schools, community business and industry leaders, other departments
within the college for which physics provides service courses, as well
as the science and engineering departments of four-year transfer
institutions.

8 AAPT Guidelines
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Curriculum Guidelines
C-1

Course offerings should be consistent with the needs of the population that the
college serves.

Courses generally offered by physics departments fall into seven categories:
1. General FAlucation Courses

Two-year degree requirements often include a science requirement
necessitating basic science courses. These courses may be called
"physics" or "pnysical science." The physics component in these
courses would generally be descriptive.

2. Introductory Astronomy
Most of these courses are designed for the general education
requirement and are descriptive. In some cases where special
programs, equipment, and/or facilities are available, specialized
technical courses may be offered.

3. One-Year College Physics, Algebra-Trigonometry-Based Transfer
Courses
Most two-year colleges offer these transfer courses for students in
biology, medical fields, and other professional programs.

4. University Physics, Calculus-Based Transfer Courses
Most two-year colleges offer a two-semester sequence for students
planning to enter engineering, computer science, physical sciences,
and other programs with such a requirement. Some schools also offer
modern physics, engineering statics, and engineering dynamics.

5. Service Courses for Vocational Programs
The features that most often typify these courses are those that are
generally descriptive, with only limited use of algebra. The ideas
studied relate directly to the program in which the student is enrolled.

6. Senice Courses for Technical Programs
Physics courses for technical students vary widely from one college to
another. Some technical students must take the general college
transfer-level physics class, while others offer "tech physics" course(s),
or even an entire sequence. The mathematical level of the technichl
physics student also varies widely from special "tech math" courses,
emphasizing appiications, to a requirement for calculus.

7. Preparatory Courses
These courses are for students who arc not prepared to enter directly
into technik al or transfer-level physics courses. They usually
emphasize vocabulary, problem-solving skills, basic concepts, and
activities to improve formal thought process.

AAPT Guidelines 9
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Curriculum

C-2
When designing a physics course, the content must be consistent with the needs of

the student.

Physics often serves as a support course for students studying in another voca-
tional/technical or transfer program. Periodic feedback to the physics department
from other programs is necessary to know how successfully the needs of the students
are being met.

C-3
The mathematical and conceptual level of any physics course must be consistent

with the student's abilities in that course.

Pretests can aid the instructor in determining the entry skills and weaknesses of
the students. In the latter case, strategies must be devised to correct the noted defi-
ciencies. Care must be taken that evaluating quantitative skills and reasoning or prob-
lem-solving abilities are separated in such evaluations. Developmem or refinement of
problem-solving skills and reasoning ought to be one of the primary goals of most
physics courses.

C-4
Knowledge of the student's preconceptions of physical concepts is es,,ential when

developing instructional strategies.

Students do not enter a physics course as an "empty vessel." Instead, without ex-
ception, they have preconceptions of what the principles of physics are and what they
im, 'y. These student-held ideas are often quite different from what will subsequently
be taught in the course. Research has shown that these preexisting ideas are very
tightly held and are often unchanged after successfully completing a conventional
physics course. These preconceptions must be carefully and specifically addressed if
they are to be significantly modified. Thus, a variety of experiences must be developed
to expose and remedy student misconceptions.

C-5

A variety of "hands-on" activities must be included in any physics course.

Students need to be active participants in the teaching/learning process to help
them understand the basic concepts and their implications. Activities should be tar-
geted to the goals of the student and the course. A variety of laboratory experiences,
lecture demonstrations, and classroom activities are all essential to maximize student
learning. The laboratory component is especially important for any physics course.
Well-designed, open-ended experiments expose the students to the experimental basis
of physics and combines many different skills and concepts.

10 12 AAPT Guidelines
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Curriculum

C-6

Those involved in tutoring and counseling ought to be aware of the goals of the
physics courses.

Appropriate advice on courses, or effective help for students encountering d;ffi-
cuity in a physics course, only occurs if those respon,ible for such activities are aware
of the goals and expectations of the physics ourses offered by thc college.

C-7

Insofar as possible, physics departments ought to evaluate and implement avail-
able technologies which hetp students learn.

Students enrolled in two-year colleges have a wide range of abilities. Existing and
new technologies may provide valuable tools for overcoming the problem of the range
of student abilities and experiences. Such technologies must not require more of the
instructor's time. Evaluation of existing and new technologies must be an ongoing
pmcess and should be considered in the instructor's workload.

C-8

Instructors should be encouraged to share classroom experiences and pedagogical
research results, which may have implications beyond the local campus.

The primary role of instructors in two-year colleges is teaching. Continual im-
provement of instruction ought to be one of the most important goals. This can be ac-
complished by trying new ideas and by considering the implications of research in
physics education. Promising results of a physics teacher's activities should be shared
at local, regional, or national meetings. (AAPT offers formats for sharing activities.)
Faculty should be encouraged to attend professional meetings and support shouid be
provided to do so.

C-9

Opportunities must be provided to allow for underprepared students to gain con-
fidence and experience necessary to be successful in a conventional physics course.

Science illiteracy is a national problem. Two-year colleges have a high percentage
of students whose preparation and experiences in math and science are very limited.
If those students are to succeed in physics courses, they must first Jevelop the neces-
sary conceptual underpinnings. The goais of such courses should be to develop (a) an
understanding of a few bask scientific concepts, and (b) arithmetic reasoning.

AAPT Guidelines 11
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Laboratory Guidelines
L-1

All introductory physics courses should include a minimum of two hours per wcek
in a laboratory etperience. Laboratory sessions for science major courses should in-
clude a minimum of three hours per week.

Every physics course should include a laboratory experience. This includes such
courses as: Physics for General Education, Physical Seence, and Physics for Nurses.
Laboratories are especially important in vocational and technical physics courses
where students want less theory and more practical applications. Science major phys-
ics labs need an extra hour because they should be expected to set up the lab equip-
ment and to carry out more extensive data analyses.

1-2
Laboratory experiences should extend beyond the comnletion of a recipe of pre-

scribed activities.

It is not always possible to design completely open-ended lab activities in the true
nature of science, but students should not complete physics labs believing that all data
are perfect and that conclusions are absolute.

Activities should include independent data acquisition, numerical and/or graphi-
cal analysis, appreciation of experimental limitations, pertinent inferences, and a writ-
ten report of the experiment. Often the limitations of shorter laboratory times
encourages the use of "cookbook" activities.

L-3
Laboratory sessions should be completely under the guidance of a qualified phys-

ics teacher.

The laboratory experience is no less important than any other portion of a physics
class. Supervision cf lab sessions should not be delegated to student assistants, lab
technicians, or unqualified teachers from other departments.

L-4
Adequate equipment for each experiment should be available to enable pairs of

students to share one entire set of equipment.

Most introductory laboratory activities are not elaborate enough to fully involve
more than two students. Extra students often become passive spectators watching a
demonstration of the activity.

L-5
1:le laboratory environment and experimcntal equipment should conform to ex-

isting building safety and fire codes.

12 AAPT Guidelines
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Laboratory

L-6

To assure student safety, the lab instructor should not be expected to monitor
more than 24 students in one lab section.

The number of students in a physics class depends as much on facilities and safety
as on the workload of the teacher. A typical two-year college physics class should
have an absolute limit that is determined by the number of laboratory stations and the
design of the room. Other limiting factors for the number of students in a laboratory
class are the need for pedagogically effective supervision of the students and the need
to ensure the safety of all experimental procedures.

14-7

In computing physics faculty workload, one hour of laboratory supervision should
be considered to be at least equivalent to one hour of lecture responsibility.

AAPT has taken note that it has beer. common practice for some administrators
to use a weighting factor of less nre in computing the contact hours in labor Aory
instruction. This practice is in di ct conflict with the recognized demands, both phys-
ical and emotional, that are placed on an instructor in the supervision of extended lab-
oratory sessions. From the instructor's point of view, the amount of effort required to
sustain the expected level of student involvement throughout a full laboratory session
warrants a weighting at least equal to the time spent in the lecture mode of instruction.
Weighting factors less than one deemphasize the laboratory aspect of the discipline,
even though physics is a laboratory science. Unless laboratory contact time receives
workload recognition equal to that accorded to lecture contact time, there will be a
continuing erosion in the quality and quantity of student laboratory experience in the
experimentzl sciences.

L-8

A laboratory instructor's required teaching responsibilities should not include
serving as a laboratory technician.

Each weekly lab session requires tasks in addition to pedagogical responsibilities.
These include distributing and storing of weekly lab equipment, maintenance of
equipment, safety inspections, inventor:, updates, and ordering or designing new
equipment. Larger physics departments (more than 20 weekly lab hours) should in-
clude a full-time lab technician. Smaller departments should hire part-time techni-
cians or award released time to physics faculty members.

AAPT Guidelines 13
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Personnel Guidelines
P-1

The minimum academic preparation for full-time faculty teaching academic trans-
fer courses is a master's degree in physics. For vocatiunal/technical courses, the full-
time faculty should have a master's degree in physics or in a related field.

The question of faculty credentials must be answered in terms of local contempo-
rary standards and the courses they are expected to instruct. Many two-year colleges
utilize adjunct (sometimes called part-time) instructors. These instructors should
meet the same guidelines as full-time faculty. The full-time faculty should have major
input into the selection of adjunct instructors.

P-2
Each two-year college and its physics department should have an active program

to encourage equal opportunity in employment and st.ident activity for women, minor-
ities, and the physically disadvantaged.

P-3
The teaching load of any physics or astronomy teacher should not exceed:

a. Fifteen contact hours per week;

b. Twenty-four average student contacts per hour; and

c. One contact hour of workload shouid be subtracted for every three
hours per week (averaged over a term) of special assignments.

Definitions:
Contact hour: A contact hour is 50 minutes of time during which the teacher is re-

quired to be present in a classroom or laboratory with a group of students.

Average student contacts per hour: The total number of students contacted in class
per week divided by the number of contact hours.

Example of calculating student contacts per hour:

Load
Contact
Hours

Students
ln Class Total

Lecture 3 x 32 = 96
Lecture 3 x 24 = 72
Lecture 3 x 20 = 60
Laboratory 3 x 20 = 60
Laboratory 3 x 18 = 54

Total 15 342

342 15 = 22.8 average contacts per hour

14 AAPT Guidelines
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Personnel

Special assignments: Assignments beyond classroom and laboratory teaching re-
sponsibilities. In physics and astronomy, such assignments include subject matter and
instructional research, advising students, curriculum development, special committees,
administrative duties, maintaining an equipment inventory, equipment repair and de-
sign, and weekly lab setup and tcardown.

When these limits are exceeded, only extraordinary efforts by the teacher can pre-
vent a reduction in the quality of the physics or astronomy program.

P-4
The integrity of the physics program should not be jeopardized by the overuse of

adjunct or part-time instructors. Adjunct faculty should not be used in over 25 per-
cent of the class sections offered.

Most two-year colleges use part-time faculty to supplement their teaching staff.
Part-tirne faculty should be used to teach specialized classes for which Vv.!' are
uniquely qualified and to teach regular physics classes only if there is no ongoing need
for additional full-time personnel. Part-time instructors should not be used as a
money-saving strategy.

P-5
Adjunct or part-time physics instructors should be given one extra contact hour

per course in most cases.

Physics is different from many academic classes because it requires many demon-
strations and laboratories to make the teaching effective. If adjunct or part-time in-
structo- are to be expected to set up laboratories or prepare appropriate
demonstrations fed lecture sections, they need to be given credit for this work.

P-6
Continued professional development is required of all two-year college physics

faculty.

Faculty ar: expected to avail themselves of professional development programs of
their college, of universities, and of their professional association. The college should
encoarage and fund fully such activities.

P-7
Faculty should have available adequate travel funds to attend meetings associated

with the physics and teaching profession.

Each two-year college should provide funds to support the travel and subsistence
to a national meeting concerned with physics or teaching for at least one member of
the department each year. In addition, the institution should provide funds for one or
two regional or state meetings per year for each faculty member in the department.
Two-year colleges should encourage the professional involvement of their physics fac-
ulty in growth-promoting activities. Such activities during the school year may be facil-
itated by using replacement faculty members to make possible some reductions in
teaching and other responsibilities.

AAPT Guidelines 15
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Personnel

The AAPT regards these as a minimum standard for support of professional in-
volvement. Since an instructor must keep up with his or her subject area and the strat-
egies for teaching it, faculty should have a professional obligation to attend and
participate in meetings of professional assodations. The institution that employs the
instructor has an obligation to provide support and e;xouragement so that physics fac-
ulty can interact with their colleagues in professional meetings.

P-8
The administration should enco.trage and financially support faculty fully for sab-

baticals every six years.

Sabbaticals should be spent in activities that will promote professional growth
with respect to personal teaching skills, technical competencies, soidying new areas of
physics, and general breadth of intellectual perspectives and understanding. Financial
support should be provided for a full year of sabbatical leave for each faculty member
at the minimum of every sixth year. Faculty members should be encouraged to assess
in which area the need for growth is greatest in relation to the institution's commit-
ments to students and devote sabbatical leaves to promoting growth in the area of
greatest need.

P-9
Other forms of faculty development and scholarships should also be encouraged.

The department chairperson, dean, and president should work together to set fac-
uity workloads, as needed, to permit faculty members timc for rkgular activities that
will promote the continued professional growth of department members. Money
should bc available to the faculty member to do this work. The college foundation
could be a source of these funds. Examples of such activities include: enrollment in
appropriate courses by the faculty member; work with physics departments of other
colleges and universities and their personnel; work with local high school or elemen-
tary teachers; membership and participation in the work of a professional societ3 or
societies; planning and preparing courses; library research in the field; working with
local industry; and updating and preparing teaching materials.

P-10
Faculty members should have available services of support personnel so that their

efforts on tasks expected of faculty members will be effective.

In addition to secretarial support, the support staff should include laboratory
technicians and media support personnel. The specific tasks expected of support staff
should include assembly of lecture demonstrations, reparing equipment, maintaining
computers, taking inventory of supplies and equipment, ordering routine supplies for
laboratories, and setting up and taking down laboratories. Not all administrators will
realize that physics is almost unique in its use of lecture demonstrations. These kinds
of tasks can be handled in a more cost-effective manner by support personnel. If the
faculty member is expected to do these tasks, adjustments to the teaching load will
need to be made.

16 AAPT Guidelines
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Budget Guidelines
B-1

EstablUi compensation for faculty competitive with other colleges and universi-
ties.

The single most important factor to a quality physics program is a highly moti-
vated and highly qualified faculty. These characteristics were described in another
section of this document. It is virtually impossible to give a specific guideline on fac-
ulty salary because of the differences in schools, programs, and regions of the country.
If the school hopes to attract and hold high-quality physics faculty, it must offer a sal-
ary that is competitive with other colleges and universities in its area or state. In some
schools, this may be governed by state guidelines, collective bargaining agreements,
and rank and length of service practices. In evaluating the total personnel support,
other items must also be considered. There is a difference in average salaries in indus-
try for different disciplines of expertise and this should be reflected in the salary
schedules or in special salary incentives.

B-2

A budget should be planned that includes for professional development.

Specific areas that should be included are:

1. Providing travel support for each faculty member to attend each year
a national, and one or two regional or state meetings related to the
area of physics education or research. (See guidelines C-9 and P-7.)

2. Establishing a program of tuition reimbursement for credit or
noncredit courses taken to enhance teaching of physics-related
courses. (See guideline P-6.)

3. Establishing and supporting a sabbatical leave program to encourage
faculty every six years at full salary to engage in study or research in
their field. (See guideline P-8.)

4. Providing support for faculty and departments to purchase books,
journals, computer programs, and join professional societies. (See
guidelines P-6, P-7, and P-9.)

B-3

Budget 14 percent of physics equipment replacement value for new and replace-
ment equipment each year. A 14-percent budget would mean that 14 percent of the
equipment could be replaced each year. Each piece of equipment would, therefore,
have to last for at least seven years.

Physics at any level is an experimental laboratory science. Equipping and operat-
ing a quality physics teaching laboratory should be a goal of all physics programs. Cal-
culation of the amount to budget for such activities is difficult to prescribe. Two
models have been suggested by the broader physics community to estimate this cost.
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Budget

The National Science Board Task Committee on Undergraduate Education of the
National Science Foundation (NSF) recommends "enactment of special legislation
aimed at achieving national norms for a minimum level of support for laboratory in-
strumentation (amounting to $2000 per engineering or science graduate per year, as
recommended by bodies such as the National Society of Professional Engineers)." If
this guideline is chosen, the physics department should be given a prorated share of
the credit hours applied to the engineers or science majors in calculating the alloca-
tion for equipment acquisition and maintenance to the department. Since the physics
course is an underclass course, an appropriate budgetary amount should be $100 per
student registered in laboratory courses.

Another possibility for estimating equipment and repair needs, if the NSF guide-
line is not used, is to use the equipment inventory. Ordinarily, an equipment budget is
most appropriately related to the present equipment value. In this method, an institu-
tion should budget 10 percent of the inventory value of existing instructional equip-
ment for acquisition of new instructional equipment and replacement of worn out or
obsolete apparatus each year. A 10-percent budget would mean that 10 percent of the
equipment could be replaced each year. This means that a piece of equipment would
have to last at least ten years. The cost of new equipment is rising rapidly. The rate of
obsolescence is high in programs that need to remain current with technical develop-
ments. This is assuming that the physics laboratory is presently well equipped. A 10-
percent figure is too conservative with the heavy and hard use of an introductory
physics laboratory.

Many administrators making budget decisions will not have a sense of how much
it costs to operate a laboratory. It could be helpful to "cost nut" a few experiments that
are typically expected of freshman or sophomore-level courses to illustrate the need
for orderly planning.

B-4
Budget a reasonable sum for regular equipment maintenance.

An amount from 2 to 5 percent of the inventory value should be budgeted each
year to repair and maintain the laboratory equipment. The higher the quality of tech-
nical support available to the department at each school will dictate the exact percent-
age within this range.
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Teaching Facilities Guidelines
F-1

There must be adequate laboratory space and equipment to meet the nced for
students to have personal experience in designing and performing experiments.

The space and equipment must be adequate to meet the needs of a'.1 courses with-
out imposing debilitating difficultics, such as having to frequently set up and take
down equipment because of schedule conflicts over the use of space and/or equip-
ment. Space and equipment should be (a) available to the teacher during a planning
period; and (b) available to students for special projects, make-up laboratories, and so
on, outside of their regular physics class hours. Students who are involved in extensive
project work should be provided with work space in which their equipment can re-
main secure and undisturbed for extended periods of time.

F-2

There needs to be certain basic physical conditions in the physics laboratory to
ensure safety and to enhance proper teaching.

a. Laboratory space must be large enough for all students to participate
in real experimentation.

b. There must be adequate ceiling height and means for hanging
apparatus.

c. Tables with flat tops (no fittings are needed) are necessary for
mechanics experiments that require a surface clear of obstructioas.

d. Sinks, gas, and electricity should be provided in the :oom at a level
convenient to the height of the tables.

e. Adequate lighting with light-dimming capacity should be available.
The ability to fully darken the laboratory is important.

f. Safety equipment requirements are not as stringent as for chemistry
laboratories but should include a fire extinguisher and safety goggles
for those experiments where eye damage may result. There must be a
safe wurce of electricity. Chemical and nuclear materials must be
monitcr.., I dnd safely stored.

g. There needs to be reliable, easy-to-use, state-of-the-art equipment.

h. An equipment inventory should be maintained and instruction
manuals for equipment should be kept on file. These are valuable
aids to new instructors and adjunct faculty.

F-3

The classroom and preparatory room areas should have full audiovisual and com-
puter-support capabilities.
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Teaching Facilities

Many audiovisual aids and computer materials are now an integral part of the
teaching/learning process. They should not be left in an area far removed from the
classroom because this practice reduces the usefulness of film loops, computer pro-
grams, and other audiovisual aids.

A physics program should have at least one iecture room dedicated for physics in-
struction so that demonstrations may be set up well in advance of class time. This
room should have the conventior.al utilities, hooks and brackets, screens, and projec-
tion equipment necessary to perform meaningful lecture demonstrations. There
should also be adjoining space for storing, organizing, and assembling lecture demon-
stration apparatus.

F-4

Physics teaching requires proper demonstration apparatus and equipment.

Teaching and learning in physics is difficult without appropriate apparatus. The
correct priority favors maximum opportunity for active student involvement with
equipment in a laboratory or experimental setting. Since cost of the equipment or
safety requirements may prohibit some student use, the room should have the capacity
for apparatus demonstrations by the teacher before the whole class so that all students
can clearly see and understand the demonstration.

F-5

A secure equipment storage area is needed in physics. Because of both safety and
the need for security of expensive, easily breakable equipment, a proper storage area
is essential.

F-6

Apart from classrooms and introductory laboratory spaces, other specialized
spaces must be provided as needed.

Each faculty member needs an office that is readily available to students and lo-
cated L, encourage faculty-student contact. The office needs to be near the physics
laboratory and lecture room.

A darkroom which may double as a light laboratory is very useful in physics. A
shop for building and repair of equipment is important. Provisions should be made
for woodworking, metal working, and electronic work. Basic tools should be available
and well cared for. Essential supplies should be kept in stock.

F-7

All facilities (offices, classrooms, special spaces, and laboratories) and activities
should be readily accessible to handicapped students.

F-8
Faculty should have a computer/printer in theil office.
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Teaching Facilities

F-9

General reference works may be kept in the library or media center, but some
should be found in the cla-,sroom and laboratory areas as well.

References play an integal part in laboratory and classroom work. Some teach-
ing/learning aids can be more helpful if kept in the laboratory area calculators, au-
diovisual aids for film loop work, computer terminals, dictionaries, handbooks, and so
on. Conference and small-group work space might also be located within the laboia-
tory.

F-10
The newly developed learning resources, as well as the "old" standards in physics,

need to be available at the two-year colieges.

The library, media center, audiovisual center, science-learning centers, physics
departments, and any other area of the college that is involved in helping students
learn physics need to be aware of the advances and make careful decisions regarding
the use of the vast array of physics education materials available. In addition to the
conventional formats of 16-mm films, single-concept film loops, fiim strips, and books,
there has been a growth in the availability of a wide variety of "new" media. This mate-
rial might provide differPnt learning approaches for the basic physics concepts.

Physics departments need to provide direction and help to librarians and media
directors so that physics education collections (books, journals, films, videos, com-
puter programs, videodiscs, etc.) can be strengthened in areas where they are weak
and discarded if they are unlikely ever to be used again.
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Appendix A
A Brief History of the Two-Year College in America

Although many disagree on where and when the first public two-year college was
established (Greely, Colorado, in the 1880s; Saginaw, Mkhigan, in 1895; or Joliet, Illi-
nois, in 1901), there is no disagreement that the idea for such an institution was being
discussed by the end of the nineteenth c-:iitury among both secondary school and uni-
:ersity educators. The term "junior" college, first used in the late 1890s by William
Rainey Harper, president of the University of Chicago, described the lower-division
college he instituted within the university so that freshmen and sophomores could
complete general education requirements before proceeding on to the more special-
ized work of the university. Harper initiated the use of the degree of Associate in
Arts, Philosophy, and Science as a reward for students who should or did conclude
their education at the end of the two-year junior college program. He also saw the de-
gree as an inducement for students whc were academically qualified and who wished
to continue their education in a professional school or the senior college of the univer-
sity.

These reforms in higher education initiated and/or advocated by Harper and
other prestigious university administrators in the U.S. sprang from a desire that Amer-
ican universities become institutions of research and knowledge production rather
than transmittal, patterned after the German university system with its emphasis on
gradua'e and specialized studies. They also encouraged high schools to set up junior
colleges, a movement that had already been anticipated by some secondary school ad-
ministrato:s who were faced with meeting the demands for postsecondary education
by growing numbers of high school graduates. Small private and public four-year col-
leges that could not maintain enrollments in their upper-division courses were also
urged to reorganize as junior colleges.

The development of the two-year technieal college began concurrent with the
growth of the academic junior college in the early 1900s. Rapid industrialization and
the mechanization of agriculture in the United States created demands for a more
technically trained workforce. This brought about the establishment of two-year
postsecondary institutions whose sole mission was the training or retraining of the
American worker and ultimately led to the establishment of the Associate in Applied
Science degree for students completing terminal two-year technical/vocational pro-
grams of study. Existing junior colleges also began to offer vocational programs in ad-
dition to their transfer-oriented curriculum so that by the 1930s, occupational-
tech nical education had become a permanent component of the two-year college cur-
riculum. By 19'5-46, there were 294,475 students enrolled in 648 regionally accred-
ited two-year colleges in the United States, of which less than 50 percent (315) were
publicly supported.

The use of the term "community'' college first appeared in the recommendations
of the U.S. Commission on Higher Education, convened in 1947 by President Truman.
Spurred on by the establishment of financial scholarships based on military service
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during World War II through the federal G.I. Bill of 1944, the Commission saw the es-
tablishment of public, locally controlled, multipurpose, two-year community-based
colleges as the logical vehicle for expanding and diversifying the higher education op-
portunities available to American adults and youths. Taking the position that equalit:'
of educational opportunity beyond the high school years was a goal to be pursued, the
federal government continued its advocacy of the public community college through
the 1950s and into the 1970s by its financial support both to two-year collega ftudents
and to states desiring to formulate Master Plans for Higher Education thal. included
the establishment of statewide public community-college systems. The fiuit of this
support is seen in the statistic that by 1987, there were 1,211 regionally accredited two-
year colleges in the United States, of which only 12.5 percent (151) were p, ivately op-
erated. This represents a 340 percent increase in the number of pnblic two-year
colleges over the 42-year span between 1945 and 1987.
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Appendix B
Comprehensive Mission of the Community College

Traditionally, the comprehensive mission of the community college has included
all or part of the following:

A. Lower-Division Collegiate Education: This encompasses courses in liberal
arts, humanities, science, and mathematics geared to ensure that students can success-
fully transfer to professional sPhools or to baccalaureate programs at four-year col-
leges or universities.

B. Occupational-Technical Programs: nese aro one- and two-yea- terminal
courses of study that prepare students to enter existing or new and emerging vocations
and technical careers. They may also be individual courses that provide opportunities
for workers to update or upgrade present job skills, acquire new job skills, or obtain
the necessary retraining needed to make a career change.

C. General Education/General Studies Program: This is a terminal associate-
degNe course of study that includes a core of general education courses from the
areas of Humanities, Social Science, Science, and Mathematics afte: w h the student
may choose a "major" emphasis from a variety of proe,ram areas, including the occupa-
tional-technical areas.

D. Developmental/Remedial Programs and Services: These are courses of
study, and academic support services for those students not having the requisite aca-
demic background and/or cognitive skills to be successful in achieving their
postsecondary education goals.

E. Student Services and Programs: These may include personal, academic, and
career counseling; student admissions and records; student assessment and advising
regarding placement in courses; student orientation; job placement services; the ad-
ministration of financial aid programs; student co-curricular and extracurricular activ-
ities; student health services; developmental and support services for special student
groups like the handicapped or re-entry women; childcare services; legal assistance
services; and credit or noncredit human development courses and workshops that as-
sist students in building personal, social, and academic skills.

F. Community Education and Services: These may encompass the Adult Basic
Education (ABE) program for functionally illiterate adults; the General Equivalency
Diploma (GED) program aimed at increasing the number of adults earning high
school diplomas; the English as a Second Language (ESL) program for the increasing
immigrant populations in the community; noncredit continuing education courses;
evening and/or weekend academic credit courses for part-time adult students; credit
or noncredit courses offered through local cable TV or radio; counseling (personal,
family, career, educational) and assessment services; use of campus athletic facilities;
nontraditional credit programs like the College-Level Examination Program (CLEP)
or credit by examination for course work completed at nonaccredited institutions or
through one's private study; workshops, seminars, and short courses to meet the con-
tinuing education needs of local business and industry, as well as cultural programs.
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