STATEMENT ON UNDERGRADUATE RESEARCH

The Committee on Education of the American Physical Society calls upon this nation's
physics and astronomy departments to provide, as an element of best practice, all
undergraduate physics and astronomy majors a significant research experience.

A NATION CALLS FOR EDUCATION REFORM

“If an unfriendly foreign power had attempted to impose on America the
mediocre educational performance that exists today, we might well have viewed
it as an act of war.”

“What was unimaginable a generation ago has begun to occur — others are
matching and surpassing our educational attainment”

A Nation at Risk
National Commission on Excellence in Education
U.S. Department of Education

Over a quarter of a century ago, the Department of Education’s report “A Nation at Risk”
called upon the education community to substantially strengthen education in the United
States.' This 1983 report was followed in 1986 by a National Science Board report,
known as the “Neal Report,” that called for strengthening collegiate science education
and encouraged the pursuit of excellence in the next generation of U.S. leadership in
science and technology.” A strong undergraduate sector was cited as critical to “keep
new ideas flowing through research; to have the best technically trained, most inventive
and adaptable workforce of any nation; and to have a citizenry able to make intelligent
judgments about technically-based issues.”

In 1998 and 2002, the two Boyer Commission reports “Reinventing Undergraduate
Education: A Blueprint for America’s Research Universities,” and “Reinventing
Undergraduate Education: Three Years after the Boyer Report™ called upon the research
community to make “research-based learning the standard.” Quoting the eminent
psychologist and education reformer, John Dewey, from almost a century before, the
Boyer Commission emphasized that “learning is based on discovery guided by mentoring
rather than on the transmission of information.”

In the early 2000s, the National Science Board, in its report titled, “The Science and
Engineering Workforce — Realizing America’s Potential,” urged the science community
to take action to ensure U.S. science and engineering capacity in an increasingly
competitive and changing global labor market and strongly advised the Federal
Government “to lead the Nation in a coordinated response to meet our long-term needs



for science and engineering skills in the US workforce.” In that same period, Greater
Expectations — A New Vision for Learning as a Nation Goes to College, published by the
Association of American Colleges and Universities, called for a teaching-learning
paradigm shift that would ensure active, empowered, informed, and responsible learners.°

More recently, the National Academy of Sciences, National Academy of Engineering,
and Institute of Medicine of the National Academies report titled “Rising Above the
Gathering Storm — Energizing and Employing America for a Brighter Economic
Future,”" called yet again for improvements in U.S. education and STEM education to
help ensure the nation’s competitiveness in a rapidly changing global economy.

The most recent call for a significant improvement in STEM education came from
President Obama is his speech to the National Academies of Science. While directing his
attention to energy research, his call for additional funds for undergraduate research
emphasized its importance in motivating and preparing tomorrow’s scientists.®

“... the Department of Energy and the National Science Foundation will be
launching a joint initiative to inspire tens of thousands of American students to
pursue careers in science, engineering and entrepreneurship related to clean
energy. It will support an educational campaign to capture the imagination of
young people who can help us meet the energy challenge. It will create research
opportunities for undergraduates and educational opportunities for women and
minorities who too often have been underrepresented in scientific and
technological fields — but are no less capable of inventing the solutions that will
help us grow our economy and save our planet.”

The continuing flood of reports and statements that make similar and repeated calls for
educational change is disconcerting. The obvious question must be asked, “If the desired
educational change has occurred, why have the reports and statements not stopped?”

The answer, unfortunately, is that the desired change - at the level needed - has not
occurred.

THE STATE OF PHYSICS IN THE UNITED STATES

For physics, it is sobering to note that the proportion of bachelor’s degrees in physics to
total degrees awarded was twice as high the year before Sputnik, deemed a time of
dangerous educational neglect, than it was in 2004.”

When this low level of production of new physics talent is linked to data on the average
age of the physics workforce and the current percentage of the physics workforce that is
foreign born, a disturbing picture emerges.'” While across all degree levels and fields
the Science and Engineering Indicators report that 26.4% of the labor force with science
and engineering degrees is older than age 50, the percentage of the workforce with their
highest degree in physics that is older than age 50 is 38%, the highest percentage in any
STEM discipline. A review of the percentage of physicists and astronomers who are



foreign born in the U.S. workforce finds that 26.6%, 34.4% and 40.1% of the bachelors,
master’s and doctorate physics/astronomy workforce are foreign born, respectively. The
combination of a low production of new physicists, an aging workforce, and a workforce
that is heavily populated by foreign-born talent paints a particularly troubling picture.

For decades, the U.S. has relied on foreign talent to compensate for the lack of U.S.-born
STEM talent. As can be seen in the above percentages, this is clearly the case in physics.
With increasing STEM employment opportunities globally,'' the strategy to simply
“import” the needed talent may no longer be viable. Significant new employment
opportunities are appearing in countries like China, India, the European Union, Canada,
Japan and the Middle East. We should probably even ask whether or not the United
States will be able to retain U.S.-born STEM talent when attractive job opportunities are
beginning to appear in other countries. As the world’s highest-energy accelerator is now
located at CERN in Switzerland, this question might already be asked by those in the
high energy physics community. The situation the U.S. physics community finds itself in
is as dire, if not more dire, as it is in any STEM discipline.

ADDRESSING PHYSICS CHALLENGE

Maintaining the “status quo” where a students’ primary exposure to the discipline is in
the classroom or in course-based laboratories is no longer a viable option for the physics
community. While physics has been a leader in education research and more departments
are introducing active-learning into their classrooms and course-based laboratories, the
numbers argue that more needs to be done. Continuing to under-produce U.S.-born
physics talent not only places U.S. physics at considerable jeopardy, given the centrality
of physics to other science disciplines, it places all U.S. science at risk.

While a larger comprehensive reform is needed, one action that can be taken by the
physics community at this time is to provide all undergraduate physics and astronomy
majors with the opportunity to become “practicing scientists” by providing them with the
opportunity to engage in research while they are undergraduates. A research experience
exposes undergraduate students to the nature of scientific investigation while permitting
them to gain skill in project design, to use appropriate instruments and techniques, to
engage in data analysis, and to communicate complex ideas. Every student can benefit
from such an experience and it is difficult to achieve some of these educational benefits
through traditional classes and course laboratories.

Studies of the involvement of undergraduates in significant research experiences have
shown increases in:

students’ understanding of science,

retention,

the likelihood of participation in their discipline,

student motivation to study science,

intellectual ability,

student confidence in their ability to do research,
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> student awareness of Ph.D. training,

> student interest in obtaining a Ph.D., and

> continued involvement in research 5 to 10 years after graduation.'? >

The physics community continues to rely on lecture and laboratories associated with
courses as the principal mode of physics instruction. While certainly being introduced to
physics concepts, the primary student activity is memorizing and manipulating equations.
In the preface to his textbook, Richard Feynman commented on the shortcomings of this
approach”*:

“[ think, however, that there isn’t any solution to this problem of education other
than to realize that the best teaching can be done only when there is a direct
individual relationship between a student and a good teacher — a situation in
which the student discusses the ideas, thinks about the things, and talks about
the things. It’s impossible to learn very much by simply sitting in a lecture, or
even by simply doing problems that are assigned.”

In the mid-1990s, the American Association of Physics Teachers, American Institute of
Physics, and American Physical Society initiated a study of 21 “thriving” undergraduate
physics programs that kept these departments in the top 10% or so of departments with
large numbers of majors.”> While the study, titled “Strategic Programs for Innovations
in Undergraduate Physics (SPIN-UP),” certainly found a variety of practices employed
by these departments that created a nurturing and supportive environment for their
undergraduate majors, an element that was common to all of the programs was an
undergraduate research program. As stated in the SPIN-UP report,

“All of the site visit departments had thriving undergraduate research programs.
About half of them required participation in undergraduate research for the
major. In addition to on-campus research with their own faculty, many
students take advantage of off-campus opportunities, for example, in the
Research Experiences for Undergraduate programs sponsored by the National
Science Foundation and some of the national laboratories. In many
departments, students are encouraged to participate in research even after their
first and second years, just to see what research is like and to experience
working on a research team.”

The report went on to say that

“Undergraduate research participation benefits both the students and the
department in many ways that go beyond just the completion of the research.
Students gain experience working in teams and communicating their resullts,
both orally and in written reports. The shared research experience gives the
students a deserved sense of being part of the scientific community, not just
passive consumers of science through their courses. Most departments
recognize the importance of undergraduate research in building a sense of
community within the department.”



In its booklet, “Guidelines for Self-Study and External Evaluation of Undergraduate
Physics Programs,” the American Association of Physics Teachers, with an endorsement
from the Committee on Education of the American Physical Society, observes,

“There is a general consensus that undergraduate research both introduces
students to the excitement of physics and prepares them for graduate research
or for immediate entry into the job market. Many departments either require
undergraduate research participation or strongly encourage it.”

The guide goes on to state,

“Undergraduate research experiences frequently convince students to pursue a
physics major. Anecdotal evidence strongly suggests that they are an attractive
component of a strong physics major. Research experience is clearly valuable
for students who are pursuing a career in science, but they also provide an
understanding of how science is done that may prove particularly valuable to
students who pursue careers outside of physics research, for example in clinical
medicine, business or law.”

These positive attributes of engaging undergraduates in meaningful research experiences
and the community’s need to increase the number of students who pursue an
undergraduate degree in physics and astronomy strongly argue that all physics and
astronomy departments should strive to provide all physics and astronomy majors with a
significant research experience as part of their undergraduate experience.

IMPLEMENTATION

The implementation challenge may not be as daunting as it might first appear. According
to the AIP’s survey of graduating physics majors, over 70% of graduating seniors have
participated in one or more undergraduate research experiences.”’”  As the physics
community and departments work to increase the percentage of undergraduates engaged
in research, a variety of strategies can and should be used to accomplish this end. A
variety of models for recruiting, implementing and evaluating undergraduate research
experiences exist.”**’ Students can be directed to on-campus faculty-mentored projects,
to research opportunities at NSF REU sites, to national and corporate laboratories, and to
other federal agencies and private foundations. Where larger numbers of students need to
be accommodated, an upper division course that emphasizes the nature and process of
research might also be used to provide this learning experience. A variety of research on
student learning in undergraduate laboratories and research experiences in physics exists
and can be considered in the design, implementation, and evaluation of a course that
emphasizes research.”*~' In such a course, students would be expected to develop
research questions, design experiments, collect, analyze, and synthesize data, perform
error analyses, develop an understanding of limitations, inferences, and conclusions from
their results, and present their results in an appropriate forum. In short, if all the possible



ways to make research opportunities available to students are considered, a combination
that is both effective and practical and based upon local circumstances can then be
chosen.

EPILOGUE

The rest of the world is not waiting for the next report to call for the U.S. STEM
community to develop a new cadre of physicists and astronomers. The world community
is developing the talent it will need today. The U.S. can either take action now or cede its
scientific leadership to the rest of the world just as it has done in the manufacture and
production of electronics, steel, automobiles, textiles and now, possibly high energy
physics. As a robust and vital physics program is the responsibility of the physics
community, we urge that the physics community take this important first step in what
will ultimately be a larger reform and call for all physics departments to provide all their
majors a learning experience that has been shown to retain them in the discipline, to
encourage them to pursue advanced degrees, and to enhance their skill level.
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