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Th(—‘ Howard Hughes Medical
Institute was founded in 1953 hy avi-
ator-industrialist Howard R. Hughes.
Its charter, in part, reads: The pri-
mary purpose and objective of the
Howard Hughes Medical Institute
shall be the promotion of human
knowledge within the field of the
basic sciences (principally the field of
medical research and medical educa-
tion) and the effective application
thereoy for the benefit of mankind.

Biomedical Research
Program

The Howard Hughes Medical Insti-
tute is a nonprofit medical research
organization dedicated to basic bio-
medical research and education. Its
principal objectives are the advance-
ment of fundamental knowledge in
hiomedical science and the applica-
tion of new scientific knowledge to
the alleviation of disease and the
promotion of health. Through its
program of direct cenduct of med-
ical research in conjunction with
hospitals, the Institute employs over
220 independent investigators who
conduct research at Institute labora-
tories in more than 50 leading aca-
demic medical centers, hospitals,
and universities throughout the
United States. The number of inves-
tigators is expected to grow to
about 270 within two years.

The Institute conducts research
in five broad areas: cell biology and
regulation genctics, immunology,
neuroscience, and structural biology.

In support of these research
efforts, the Institute is involved in

Howard Hughes Medical Institute Programs

the training of pre- and postdoctoral
scientists in the laboratories of
Hughes investigators: has provided
substantial support to the genome
mapping program which involves
international collection, dissemina-
tion, and coordination of data; pro-
vides research training to medical
stucdents through the Research
Scholars Program (conducted joint-
ly with the National Institutes of
Health): and organizes scientific
confercnces, wofkshops, and pro-
£gram reviews,

Grants and Special
Programs

In the fali of 1987, as a complement
to its research program, the Insti-
tute launched a gran: program (o
help strengthen education in the
biological and relaied sciences. The
program is administered through
the Office of Grants and Special
Programs and has as its primary
objectives the enhancement of sci-
ence education at the graduate,
undergracuate, and precoilege lev-
els; the education of the public
about science; and the promotion of
fundamental biomedical research
abroad. In addition, this office is
establishing a comprehensive
assessment program. The grants
cxtend across a wide range of insti-
tutions involved in formal and infor-
mal science education, including
colleges, universities, research cen-
ters, medical schools, elementary
and secondary schools, and science
museums.
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Since launching the grants pro-
gram, the Institute has developed
ar array of initiatives designed to
help ensure the future quality and
vitality of the scientific enterprise.
Today, the Institute supports gradu-
ate students, medical students, and
physicians through a grants pro-

gram for graduate education in the
biological sciences: undergraduate
institutions through an undergradu-
ate science education program; and
science museums through a precol-
lege and public science education
progran,
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Preface

Preface

] he grants program of the

Howard Hughes Medical Institute
focuses on science education at all
levels and, in so doing, complements
the I[nstitute’s core programs in the
direct conduct of hiomedical
research. The Institute’s biomedical
research activities currently involve
over 225 investigators at more than
50 leading academic centers, hospi-
tals, and research institutions
througnout the United States. The
number of investigators is exnected
to grow to about 270 at more than 60
sites within the next year. This
research encompasses the fields of
cell hiology, geuetics, immunology,
neuroscience, and structural biology.
Since its launching seven years
ago, the grants initiative has grown
to include support for graduate,
undergraduate, and precollege  1u-
cation; for programs to cducate the
public about science; and for hio-
medical research in sclected coun-
tries abroad. This array of activitics
is designed to help ensure the
future qualitv and vitality of the
nation's scientific enterprise.

Changing the Way Science Is
Conducted

The world of science is changing
fundamentally. The rise of science
as a profession in 19th century aca-
demia was accompanied by the
development of departments, each
hased on a single scientific disci-
pline. Today that older structure is
giving way to new arrangements
related to the revolutionary changes
in science itself.

The dynamics and complexity of
modern scientific research can he
illustrated by the discovery and
understanding of oncogenes and
the role of specific genes in the
development of cancer. This area of
research was stimulated by the dis-
covery of Drs. Michael Bishop and
Harold Varmus, at the University of
California~San Francisco, that
genes in tumor viruses responsi. .«
for cancers in animals can be found
in normal cells. These insights have

. had important and far-ranging impli-

cations. The realization that onco-
genes appear to have heen con-
served for hillions of years has
affected our understanding of evolu-
tionary hiology. And the similarity
between the protein products of
oncogenes and growth-factor recep-
tors has helped link oncogenes to
developmental biology. Ind=ed, the
oncogenes present a new represen-
tation of cancer, and this modified
view may eventually alter how clini-
clans treat cancer patients.

Expanding International
Research Opportunities

In recognition of the international
nature and scope of modern hiomed-
ical research, and the presence of
outstanding scientists outside the
United States who contribute to the
advancement of knowledge relevant
to the Institute’s biomedical research
program, the Institute in 1990 creat-
ed the International Program.

In the first two rounds of compe-
tition, a total of $24.3 million was
awarded in 49 five-year grants for

xiii
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scientists in Australia, Canada,
Mexico, New Zealand, and the Unit-
¢d Kingdom., For the third round of
international competition, biomed-
ical scientists in 10 countries of the
former Sovie! Union and Eastern
lzurope, including Belarus, Czech
Republic, Estonia, Hungary, Latvia,
Lithuania, Poland, Russia, Slovak
Republie, and Ukraine, were invited
to apply for grants. It is anticipated
that these awards for research at
the scientist’s own institution or to
support international research col-
laborations will total about 33 mil-
lion each year for five vears.

We are extremcly pleased with
the development of this program
and with the opportunities it afiords
for Institute investigators and infer-
national scholars lo meet at the
Institute. International exchanges of
ideas and data are alrcady in
progress.

Providing Needed Research
Resources

The Institute's support of valuable
research resources underscores
our commitment to ensure the con-
tinuation of important biomedical
advances. A $1.2 million grant (o
the Tackson Laboratory in Maine
will help expand their capacity (o
provide unique genetically altered
{transgenic) mice at low cost for
biomedicat research worldwide.
Through genetic engincering, new
strains of mice are being created to
mimic such human disorders as
arthritis, cancer, and cystic fibrosis.

The Institute is a major producer
and user of genetically engineered
mice. Of the 35 aew strains
acquired by the Jackson Laboratory
in 1993, 15 were developed in our
laboratories. More than 50 Institute
investigators use transgenic mice in
their research,

Educating the Next
Generation of Scientists

The Institute supports graduate stu-
dents and physicians in obtaining
research training in basic biologica

processes and disease mechanisms
at leading research laboratories.
Fellows from the first vears of the
fellowship programs are now
emerging as independent young sci-
cutists. The physician postdoctoral
fellowship program made its first
awards in the fall of 1990, and sever-
al of these enthusiastic young scien-
tists are being recruited into faculty
positions at research-oriented med-
ical schools. Christopher Walsh
used his postdoctoral research fel-
lowship to study how cells are dis-
persed in proliferative layers of
developing cerebral cortex. Dr.
Walsh is now Assistant Professor of
Neurology at Harvard Medical
School. Sharen Plon used her
award to investigate the regulation
of the beta-like globin gene cluster.,
an important blood constituent. Dr.
Plon has a faculty position in the
Pediatric Oncology Department at
Baylor College of Medicine.
Students who received predoc-
toral fellowships in the biological
sciences are now successfully com-

1 4 Grants for Science Education, 1994
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Preface

peting for postdoctoral fellowships
to train in some of the leading
research laboratories in the coun-
try. Hao Wu, for example, received
her Ph.D. degree from Purdue Uni-
versity after completing her disser-
tation on the structure of canine
parvovirus. Dr. Wu was one of 26
scientists recently awarded an
Aaron Diamond Foundation Post-
doctoral Research Fellowship and
will conduct research on AIDS at
Columbia University with Dr.
Wayne Hendrickson, an HHMI
investigator.

Brendan Cormack completed his
Plh.D. studies on a yeast DNA-bind-
ing protein involved in regulating
the transcription of genetic informa-
tion. He is now a Helen Hay Whit-
ney Foundation postdoctoral fellow
with Dr. Stanley Falkow at Stanford
University. [laria Rebay received
her Ph.D. from Yale University
upon completion of her dissertation
on a protein essential to earlv devel-
opment in Drosophila. Dr. Rebay
was awarded a Life Sciences
Research Foundation Fellowship
for postdoctoral <tudies with Dr.
Gerald Rubin, an Institute investiga-
tor at the University of California-
Berkeley.

. |
Altering the Academic
Structure of Science

Changes in the academic organiza-
tion of science are beginning to
reflect the nature of laboratory
research. Science departments such
as icrobioclogy or physiology are
being reorganized at a number of

.

4

academic institutions into hroad
new departments emiplhiasizing, for
example, cellular and molecular
biology. Because of the rapidity of
scientific advances on the one hand
and financial constraints on the
other, science departments at col-
leges and universities are finding
that they must boldly change what
they teach and how they teach it.
The growing interdisciplinary
nature of science in general, and
the expanding overlap of biology
and chemistry in particular, mean
that science departments must col-
laborate in developing curricula and
integrating courses— -activities that
tear down the traditional walls
between scientific disciplines.

As part of its grants activities, the
Institute sponsors an annual meet-
ing of undergraduate program
directors from grantec colleges and
universities. A major theme of the
1993 meeting was institutional
strategies for enhancing undergrad-
uate science education. In particu-
lar, participants offered a variety of
approaches to integrating biology
and chemistry through Institute-
funded programs. Stronger ties can
be forged between the biology and
chemistry departments through
joint faculty appointments and
research seminars, interdepartmen-
tal student exchanges. and team
teaching of science courses. In
other cases, majors in cellular and
molecular biology can be developed
and courses revised to integrate
biology-based problems into chem-
istry courses, and vice versa.

Important questions arise as sci-
ence departments develop strate-
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gies for long-term change in the
way science is taught. For example,
how can science faculty who are
committed to laboratory research
be persuaded to get involved in the
reform of science education? What
will induce them to teach under-
graduates, welcome them into their
laboratories, or give extra help to
students who need it? Can science
faculty be drawn into outreach pro-
grams that strengthen science edu-
cation at elementary and secondary
schools?

Institute support in many cases
has helped increase faculty involve-
ment at all levels of science educa-
tion. Faculties at many institutions
are already committed to the Insti-
tute-funded programs that are
focused on attracting and retaining
women and minority studenis
underrepresented in the sciences.

Transferring Science to the
Classroom

Through the Undergraduate Biolog-
ical Sciences Education Program,
precollege activities are being
developed and summer courses
offered to upgrade the training of
science teachers in subjects such as
molecular genetics, which was not
available until recently as an acade-
mic discipline, Teachers can he
offered laboratory research cxperi-
ences and opportunities for sabbati-
cals in order to take courses in vari-
ous scientific fields. Scientists from
colleges and universities can help
develop science instruction kits
and, during the summer, train

teachers from middle schools, high
schools, and iwo- and four-year col-
leges to train other teachers to use
the new materials.

As noted by undergraduate pro-

~gram directors experienced in out-

reach programs, teachers in the
kindergarten-12th grade school
system are an integral part of the
science reform effort. They can
spark a burning interest in science
among young students or coldly
douse their natural desire to
explore. Qutreach efforts to kinder-
garten—12th grade can he complex
undertakings, and colleges and uni-
versities seeking to develop link-
ages to precollege science teachers
must become involved in planning
the outreach activities.

]
Capturing the Wonder Years

For many children the vast halls of
a science museum become a cher-
ished memory in their adult years.
Distinguished scientists have credit-
ed visits to museums as a central
influence in their decision to pursue
a science career. Dr. Irank Press, a
geophysicist and former president
of the National Academy of Sci-
ences, said he would never have
become a scientist had it not been
for the Brooklyn Museum. Dr.
Robert Lefkowitz, Professor of Med-
icine and Institute Investigator at
Duke University Medical Center,
wrote, “When 1 was a child growing
up in New York, I spent many
happy weekend afternoons wander-
ing around the American Museum
of Natural History. Those experi-

1 b Grants for Seience Education, 1994
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ences very much helped to shape
my decision (o become a scientist.”

The Institute in 1992 and 1993
awarded a total of $10.65 million to
51 natural history museums, sci-
ence museums, children’s muse-
ums, aquaria, botanical gardens,
and zoos to support innovative edu-
cation programs to interest young-
sters in science.

A key question for science muse-
um professionals is how can muse-
ums structure programs and
exhibits to capitalize on children's
natural curiosity and capture their
interest? Geologist Robert Hazen of
the Carnegie Institution of Wash-
ington and co-author of the book
Science Matters was the keynote
speaker at an Institute-sponsored
meeting for program directors of
science museums that have
received grants from the Institute.
Dr. Hazen noted that the biggest
challenge for science education
today is to stir the interest of the 99
percent of students who will not
choose a career in science.

The program directors stressed
that science cducation programs, (o
be successful, must show how sci-
ence relates to everyday life. For

children or adults, this can mean
studying local wildlife or using
household materials to demonstrate
scientific phenomena. The lively
exchange of ideas and information
at the meeting should lead to effec-
tive strategies for nurturing chil-
dren’s interests. If so, both the chil-
dren and the museums will flourish
as we enter the 21st century.

The grants programs supported
by the Institute extend across a
wide rauge of institutions involved
in formal and informal science edu-
cation, including colleges, universi-
ties, research centers, medical
schools, elementary and secondary
schools, and science museums. Just
as the world of science is -apidly
changing, so is our underscanding
of how students learn and the role
of teachers in the process. The
Institute is pleased to be supporting
programs in science education that
will help develop the next genera-
tion of biomedical investigators and
a public with a broadened under-
standing of science and technology.

Purnell W. Choppin
President
Howard Hughes Medical Institute
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Colleges and universities that
embark on reforming science edu-
cation face three principal chal-
lenges, said Samuel Ward, Profes-
sor and Head of Molecular and Cel-
Iular Biology at the University of
Arizona. First, the goals of teaching
must be changed. Second, educa-
tors must learn how to go about
altering the ways science is taught.
And third, colleges and universities
must increase the institutional
rewards and status assigned to
teaching, which is too often under-
valued relative to research. Dr.
Ward’s comments sounded the
theme of his keynote address at the
October 1993 meeting of program
directors for the Institute's under-
graduate science education grants
(see 1993 Undergraduate Program
Directors Meeting: Institutional
Strategies for Enhancing Undergrad-

Figure 1

nate Science Fducation). Similar
challenges fare other educstional
institutions that serve the spectrum
of students from kindergarten
through graduate school.

The grants programs of the
Howard Hughes Medical Institute
pursue two related goals. One is to
help train the next gencration of
biomedical scientists to sustain the
momentum of today's extraordinary
biomedical discoveries. The other is
to develop a scientifically informed
American public that will participate
in societal decisions about science
education, scientific research and
development, and applications of
new technologies. The Institute also
seeks to ensure greater participa-
tion in science by those who have
not traditionally been well repre-
sented, particularly women and
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members of underrepresented
minoritics.

To complement its research pro-
gram, the Institute launched a
major grants program ir: 1987 to
help strengthen science education
and encourage talented young peo-
ple to pursue research and teaching
carecrs. This endeavor, adminis-
tered through the Office of Grants
and Special Programs, has ..., its pri-
mary chjectives the enhancement of
science education at all levels, the
education of the public about sci-
ence, and the promotion of funda-
mental biomedical research abroad.
The program extends across a wide
range of institutions involved in bio-
logical science education both for-
mal and informal. The Institute sup-
ports predoctoral students, medical
students, and physicians through
fellowships for graduate education;
colleges and universities through
an extensive undergraduate pro-
gran and science museums, aquar-
ia, botanical gardens, zoos, and bio-
medical research irstitutions
through precollege educational
activities (see The Annual Report of
the Howard Hughes Medical Insti-
tute, 1992).

The international program was
created in 1990 as part of the Insti-
tute’s grants activities. It reflects the
international nature and scope of
today's bicmedical research and the
presence of outstanding scientists
outside the United States who are
advancing knowledge relevant to
the Institute’s biomedical research
program.

HHMI's grants program is the
nation’s largest privately funded ini-

tiative to enhance the performance
of U.S. students in science, award-
ing about S50 million annually. To
disseminate information on grant-
supported activities and to encour-
age grantees and others to discuss
their experiences, the Institute
hosts five annual conferences.
These bring together medical stu-
dent fellows, predoctoral and physi-
cian postdoctoral fellows, under-
graduate and precollege program
directors, and students in the Wash-
ington, D.C., metropolitan area who
receive support through the Insti-
tute's local grants activities.

The present report highlights
grant-supported activities for 1993
and policies and special initiatives
for the 1994 competitions. The
grants office budget for 1994
awards is approximately $52.5 mil-
lion. This comprises $18 million for
graduate education in the biological
sciences, $28.5 million for under-
graduate biological sciences educa-
tion, and $6 million for the precol-
lege initiative for biomedical
research institutions, the local pre-
college science education activities,
the international program, and pro-
gram assessment.

]
Program Highlights for 1994

m [ellowships will be awarded to
about 80 promising young scien-
tists o support five years of pre-
doctoral graduate training.

m [ellowships will he awarded to
25-30 physicians who will con-
duct research for three years
under the guidance of mentors at

Grants fur Science Education, 1994
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universities, research instilutes,
and hospitals.

Fellowships will be awarded to
about 60 medical students for
one year's training in research at
a U.S. academic or nonprofit
institution of their choice, and to
20 additional medical students
for completion of their medical
studies after finishing the
research year.

Grants for undergraduate sci-
ence education, totaling about
$72 million for four years, will be
awarded after review of invited
proposals from 140 research and
docterate-granting universities,
public and private. These grants
will support student research
(including opportunities for
women and underrepresented
minorities), equipment acquisi-
tions and laboratory renovations,
and precollege and outreach pro-
grams.

Grants for five years totaling up
to S5 million will be awarded o
medical schools, academic
health centers, and independent
research institutions to provide
hands-on science education for
students and teachers at the pre-
college level.

About 100 research grants total-
ing S3 million annually for five
years will be awarded to scien-
tists in 10 countries of the former
Soviet Union and Eastern Europe
for research at thcir own institu-
tions or for collaboration with sci-
entists in Western countries.

| A

P al
S—

Educating the Next,
Generation of Biomedical
Scientists

Undergraduate Science Educatior

Since 1988 the Instiiute’s Under-
graduate Biological Sc'caces Educa-
tion Program has awarded $204 mil-
lion to strengthen life sciences edu-
cation at 197 public and private col-
leges and universities. These
include 15 historically black institu-
tions, 10 other colleges and univer-
sities enrolling substantial numbers
of undergraduate minority students,
7 women’s colleges, and 3 universi-
ties in Puerto Rico. The process of
selecting the colleges and universi-
ties to compete in each round of the
undergraduate program has been
based on extensive records of
recent scientific productivity
obtained from national databases.
The program has supported
research opportunities for more
than 11,500 undergraduates. Of
these, 56 percent are women and 27
percent are students from underrep-
resented minority groups. The Insti-
tute has also supported the develop-
ment of approximately 2,500 cours-
es covering 30 fields of biology and
other disciplines and has generous-
ly funded laboratory enhancement.
Since 1988, Institute funds have
enabled 55 colleges and universities
to appoint 169 faculty members in a
range of scientific disciplines. This
is providing departments with
opportunities to develop new cours-
es in important areas of modern sci-
ence and to update and expand
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Changing the

attitude of
instructors from
a “weed-out”
mentalily to one
of encouraging
students was
considered by
many partici-
panis to be as
important as
new curricula
and teaching
methods.

1993 Undergraduate
Program Directors
Meeting
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existing curricula. The appoint-
ments include 82 women and 21
m .mbers of minority groups. The

stitute's program is helping to fos-
er reform of undergraduate science
education at colleges and universi-
ties across the country.

Changing the Goals of Teaching

Several themes emerged at the
1993 meeting of the directors of
undergraduate science education
programs. Changing the attitude of
instructors from a “weed-out” men-
tality to one of encouraging stu-
dents was considered by many par-
ticipants to be as important as new
curricula and teaching methods. At
Washington University, Institute
funds support efforts in the biology
department to augment student
support services with mentoring

- and problem-solving tutorials.

Several Institute-funded pro-
grams aim directly at nurturing sci-
ence students, especially underrep-
resented miinority students and
women. Fisk University, with a pre-
dominantly African American popu-
lation, has developed a science
learning center organized to help
students with mathematics, science,
and study skills and to instill
academic self-confidence. At the
meeting, Fisk participants noted
that learning styles seem to vary
according to culture and gender
and should be taken into account in
the classroom and laboratory.

At the University of California-
Berkeley, Dr. Corey Goodman, Pro-
fessor of Genetics and Neurobiolo-
gy and an Institute investigator,

observed that the grant-supported -
program offers opportunities for
tutorials, career discussions,
time-management workshops, and
other activities, fostering a nurtur-
ing academic environment. In addi-
tion, the program provides student
tutors who work with study groups
in mathematics, biology, chemistry,
and physics.

Does such nurturing lead to a
drop in academic standards? Not
necessarily, said Dr. Joseph Acker-
man, Professor and Chairman of
Washington University’s Depart-
ment of Chemistry. Most students, .
he believes, can make the leap from
high school to college-level academ-
ic performance if they have some
help getting started. At many insti-
tutions, however, more instructors
are needed to provide the additional
attention. Eventually, he said, stu-
dents must make the transition to
independent college-level science if
they are to proceed into majors,
graduate study, and careers in
research.

Changing How Science Is Taught

In her recent book Revitalizing
Undergraduate Science, Sheila
Tobias advocated structural change
at the departmental level of colleges
and universities as a crucial step in
reforming science education. Her
concepts broadly molded the agen-
da for the 1993 program directors
meeting. Discussions of curriculum
reform brought out two issues that
departments must resolve, The first
was how to determine the content
of interdisciplinary courses. What is

-
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included and what is left out?
Organic chemistry courses, for
example, might include stereo-
chemistry demonstrations in biolog-
ical laboratory experiments.

The second issue, referred to as
the “freshman-year problem,” con-
cerns the uneven preparation of
incoming students for college-level
mathematics and science, particu-
larly chemistry. In the Notre Dame
panel discussion, participants
described a variety of scheduling
approaches to allow students to
catch up on requisite chemistry
skills before entering biology cours-
es. The Institute-funded program at
California State University-Los
Angeles is addressing this proklem
with courses to improve student
proficiency in mathematics and
other critical fields before and dur-
ing the freshman year.

At the meeting the program
directors paid a great deal of atten-
tion to the role of computer technol-
ogy in science education. This and
other technologies hold great
promise for strengthening science
teaching for majors and future sci-
entists as well as students who pur-
sue studies in other areas.

Graduate Science Education

The graduate education initiative of
the Institute grants program is
intended to promote excellence ir
scientific training, to complement
other sources of available support,
and to aid in meeting national
needs. Since 1988 the Institute has
provided $42 million in fellowsHip
support to more than 800 students

¢

1

~

and physician-scientists who have
shown strong promise of becoming
tomorrow's leading biomedical
researchers. Additional support for
graduate education has been pro-
vided through research resources
grants to scientific and educational
organizations, such as the Cold
Spring Harbor Laboratory.

Altogether 400 predoctoral fel-
lowships in the biclogical sciences
have been supported to date.
Women have received 40 percent of
these awards, and underrepresent-
ed minorities 11 percent. Of the 280
research training fellowships for
medical studeats, women have
received 36 percent and underrep-
resented minorities 7 percent. Of
the 85 postdoctoral research fellow-
ships for physicians, women have
received 19 percent and underrep-
resented minorities 3 percent. As
the Institute’s outreach and educa-
tion initiatives mature, the participa-
tion of even greater proportions of
women and underrepresented
minorities is expected for the gradu-
ate fellowship programs.

An extensive tracking system for
participants in the Medical Student
Research Training Fellows program
and those in the Howard Hughes
Medical Institute-National Insti-
tutes of Health Research Scholars
program is already well developed
through a five-year grant to the
isociation of Ameriran Medical
Colleges (see Grants for Science
Education, 1991-1992). A parallel
effort to track the progress of the
Institute’s predoctoral and postdoc-
toral fellows will be initiated during
1993~1994.

xxiii
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Enhancing Science Literacy

Increasing the Value of Science
Teaching

Timothy Goldsmith of Yale Univer-
sity, kevnote spealier at the 1992
meeting of undergraduate program
directors, noted that "a central pur-
pose of biological education should
be to convey science as a powerful
way of understanding the world”
(see Enriching the Undergraduate
Laboratory Experience, 1992). Dr.
Goldsmith called on scicntists to
become more involved with science
education at the kindergarten-12th

grade level, “We need to re-create

the teacher-scientist partnership
along the lines that existed in the
post-Sputnik years in the form of
summer institutes, but now in the
schools themselves,” he wrote
recently in the American Journal of
Human Genetics.

Many institutions supported
through the Institute’s Undergradu-
ate Biolczical Sciences Education
Program use substantial amounts of
their grants to assist in the develop-
ment of science programs for stu-

* dents and teachers at elementary,

middle, and high schools. Fifty-nine
percent of the approximately 25,000
students who have benefited from
these outreach efforts are from
underrepresented minority groups
and 54 percent are female. Of the
8.200 teachers who havc benefited,
19 percent are from underrepre-
sented minority groups and H6 per-
cent are women.

Through outreach programs, col-
leges and universities can be instru-
mental in enhancing science teach-
ing at the precollege level, often
providing equipment and supplies
that arc not available to many
kindergarten-12th grade science
teachers, With Institute suppore,
Washington State University has set
up a program to loan electrophore-
sis apparatus, spectrophotometers,
video cameras, and other science
teaching aids to schools that cannot
afford to purchase them. Oklahoma
State University supplies science
footlocker kits to local teachers.

At Oklahoma State the Institute-
funded program is designed specifi-
cally to help rural Native Americans
progress through the educational
system and complete a degree in
the biological sciences. The Insii-
tute’'s grant has been especially cru-
cial in getting faculty involved in a
program for reaching rural Native
Americans during a time of cut-
hacks across the campus, said Alan
Harker, Professor of Microbiology
and Molecular Genetics and plenary
presenter at the 1993 program
directors meeting, According to his
colleague Myra Alexander, Manag-
er of Qutreach and Counseling, the
program has made progress in deal-
ing with cultural disparities of the
communities it serves by working
with tribal leaders,

Precollege Science Education

The Institute in 1992 and 1993
awarded a total of $10.65 million to
51 natural history museums, sci-
ence museums, children’'s musc-

D
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ums, aquaria, botanical gardens,
and zoos to support innovative edu-
cation programs designed to inter-
est youth in science. Under the sci-
ence muscums initiative, the Insti-
tute focuses on three major arcas:
museum-related activities for chil-
dren and youth, pre-service prepara-
tion and in-service training for
teachers, and family- and communi-
ty-oriented science education activi-
ties (see Science Musewms: Creating
Partnerships in Science Education,
1993).

In the program’s first year, over
37,000 students, 3,300 teachers, and
4,300 adult and family members
participated in Institute-funded pro-
gram activities ranging from class-
room use of science kits to
year-long rescarch experiences, Of
the student participants, 28 percent
were minority and 50 pereent were
female. Over half of the students
involved were very young (pre-
kindergarten to third grade), con-
firming the Institute’'s commitment
to provide early opportunities for
exploration of science.

Dr. Robert Hazen of the
Carnegie Institution of Washington,
the keynote speaker at the 1993
meeting of the museum program
directors, stated: “one of the biggest
challenges for science education
today is to stir the interest of the 99
percent of students who will not
choose a career in science.” He rec-
ommends that science education
begin in clementary school and cap-
italize on the natural curiosity of
children. Science museums are par-
ticularly suited to kindle their inter-
est, he says. As Dr. Frank Oppen-

heimer, a pioneer in this field. once
noted, "Nobody flunks museums!”

Alliances for Science

The meeting of museum program
directors held in September 1993
focused on how museums create
partnerships in science education
with schools, families, youth organi-
zations, and community groups.
Museums meet a special need at
the state and local levels in regard
to educating average citizens about
science, because of their emphasis
on interactive exhibits and their
connections with young people and
their families.

Strong local alliances have
played a critical role in the initial
successes described by the direc-
tors of the museum programs. In
many cases, these partnerships
involve a broad network of partici-
pants, including schools, teachers,
familics, corporations, universities,
and other institutions. Local com-
munity organizations, ranging from
the Girl Scouts and 4-H clubs to
senior citizens associations, are also
helping in the effort to bring sci-
ence to youngsters. Indeed, organi-
zations that start out as constituen-
cies to he served by the programs
often become partners in the muse-
um cfforts,

With a major {ocus on elemen-
tary school children, this initiative
complements the precollege out-
reach activities funded through the
Institute's undergraduate science
education program, which is
addressed primarily to secondary
school studen:s and teachers.

TR
One of the biggest

challenges for
science educa-
tion today is to
stir the interest
of the 99 percent
of students who
will not choose a
career in science.
Dr. Robert Hazen

Carnegie Institution
of Washington
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We're supporting

leachers, we're
befiriending
teachers, and
we're sharing
with them our
enthusiasm for
hands-on science
education.

Roree Iris-Williams

Franklin [nstitute
Science Museum
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Besides produc-

ing scientists, we
must also creale
citizens who
understand the
role of science in
a democracy and
its contributions
lo sociely’s
economic well-.
being.

Dr. David Goodstein
California Institute

Reaching Teachers

Of the various alliances that have
formed under the Institute’s precol-
lege program, the most common
are those between museums and
teachers. Virtually all of the pro-
grams funded during this first year
of the Institute’s museum initiative
involve tezzher training. Some
instruct teachers on specific topics
s0 that they can prepare their stu-
dents for participation in science
activities. Others aim to improve
science education more generally
through teacher development.
Teacher “empowerment” is the
term used by Peter Dow of the Buf-
tfalo Museum of Science. Dr. Dow
said at the 1993 meeting of program
directors that his museum is seck-
ing to be more of a teaching
resource, In 1989 an clementary
school was built onto the museum,
which now provides courses to
selected teachers who in turn devel-
op programs for their own schools.
The Franklin Institute Science
Museum has already reached thou-
sands of middle-school teachers in
the Philadelphia area. Its multifac-
eted biology education initiative,
operated in conjunction with a simi-
lar program funded by the National
Science Foundation, offers work-
shops, previews of exhibits, and
even an overnight retreat. Program
director Roree Iris-Williams views
the Franklin Institute’s efforts as

leagues during the museum direc-
tors meeting.

The Woodrow Wilson National
FFellowship Foundation will use its
HHMI award to continue a summer
biology institute at Princeton Uni-
versity. This initiative gives excep-
tional high school teachers the
opportunity to explore ideas for
improving biology education. In
addition, some of the successful
graduates of the program will travel
the country, sharing ideas from
their sessions with less experienced
peers. This teacher-to-teacher train-
ing will occur at 28 sites, many in
remote areas where teachers lack
information on new approaches to
teaching biology.

R
Conclusion

Meeting the Challenge of Science
Education

Perhaps the paramount challenge of
the future lies in expanding science
education beyond the scientific pro-
fessionals to nonscience majors in
colleges and universities and to the
population in general. Dr. David
Goodstein, Vice Provost at the Cali-
fornia Institute of Technology,
recently commented in Engineering
& Science on the role of science
cducation in the United States.
Besides producing scientists, he
said, we must also create citizens

of Techuology
more than training teachers: “We're  who understand the role of science
supporting teachers, we're befriend-  in a democracy and its contribu-
ing teachers. and we're sharing with  tions to society’s economic well-
them onr enthusiasm for hands-on  being. Moreover, a scientifically lit-
science education,” she told her col-  erate citizenry is necessary to form
xxvi . ) Grants for Science Education, 1994
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the broad political consensus that
supports basic scientific research as
a common good.

At the meeting of undergraduate
program directors, Dr. Pamela
Bjorkman, an Institute investigator
and Assistant Professor of Biology
at the California Institute of Tech-
nology, noted that the greatest
value of science education for non-
science majors, l:ke that of a liberal
arts education, may lie in helping
students learn how to think critical-
ly and analyze logically. Others view
such education as a “sceding™ effort
to extend science literacy to the
general population. Dr. Norman
Hackerman, President Emeritus of
Rice University, recently cited
another bénefit: “This same group
might well be the best source of
teachers of science below the col-
lege level,” At the same meeting Dr.
Sarah Elgin, Professor of Biology
and program director at Washing-
ton University, stressed the impor-
tance of high school biology for
educating the general public. “That
first year biology class is really the
only place we can talk to the majori-
ty of Americans,” she said. “When it
comes to science education, for a lot
of folks that's it.”

If You Build It, They Will Come

The education programs being
developed with support from the
Undergraduate Biological Sciences
Education Program are attracting
and educating students with gener-
al academic interest as well as those
focusing on a Ph.D degree. The les-
son is clear, said Dr. Frank Vellac-

cio. Dean of the College of the Holy
Cross: "Build it, and they will
come.”

Providing students with opportu-
nities for hands-on research experi-
ences is especially important, Dr,
Elizabeth Jones, Professor of Bio-
logical Sciences at Carnegie Mellon
Universily, noted in a recent state-
ment before the National Research
Council Committee for Biomedical
and Behavioral Research Personnel,
“The fact remains that a very large
fraction of students who participate
in undergraduate research pro-
grams end up in biomedical
research careers. They are able to
make the commitment knowing in
advance that they enjoy doing
research and are good at it.”

In order to interest students in
science, muscums are also focusing
on imaginative new ways to present
exhibits and programs. These
efforts can have a significant impact
on how students feel about science.
For example, Stephen Jay Gould,
Professor of Geology and of Zoolo-
gy at Harvard University, recalled
being taken by his father to the
American Museum of Natural His-
tory “to see the tyrannosaurus
when | was five.” Dr. Gould dedicat-
ed his book, Ever Since Darwin:
Reflections in Natural History, to his
father in appreciation.

A wide range of science-rich
institutions are devoting more atten-
tion to developing strategies for
enhancing science education. In a
recent article entitled “Careers '93;
A Survival Guide,” Dr. James Wat-
son, President of Cold Spring Har-
bor Laboratory, offered four rules of
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]
Believe in your-

self..learn from
your experi-
ences...and let
yourself dream.

Dr. Paul Grobstein
Bryn Mawr College
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thumb that might be applied to
building effective science education
programs: learn from winners, take
risks, have a fallback strategy, and
have fun. The innovative science
education programs being offered
with support from the Institute are
attracting students to the world of
science and enhancing the quaiity
of their education and training.

The faEulty and staff at these
institutions are opening the doors to
young people, with new attention to
women and minorities, to offer
them the extraordinary opportuni-
ties in science and the unlimited
potential, especially in biology and

medicine, to benefit humanity. Paul
Grobstein, Professor and Chair of
the Department of Biology at Bryn
Mawr College, advises students,
“Believe in yourself...learn from
your experiences...and let yourself
dream.” Dr. Grobstein is one of the
many scientists and teachers
throughout the nation who are help-
ing the next generation join the sci-
entific revolution. The Institute is
pleased to be a partner in this effort.

Joseph G. Perpich, M.D., J.D.
Vice President for Grants and
Special Programs

i
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Graduate Science Education

The grants program for gradualte
education in Lhe biological sciences
complements the Institute’s pro-
gram of biomedical research. Sup-
port is provided for the education of
young scientists who show strong
promise of becoming tomorrow’s
leading investigators.

Through its graduate fellow-
ships, the Institute seeks to foster
excellence in research and to
address unmet nalional needs.
Although projections of the future
supply of biomedical scientists vary
from study to study, there is agree-
ment that the numbers of graduate
students from underrepresented
minority groups and of medically
trained investigators engaged in
fundamental research are relatively
low and should be increased.

Figure 2

v : - ’

Bilogicl Sciences Graduate Students at

The number of full-time graduate
students in the biological sciences
at doctorate granting institutions
has continued to rise slowly over
the past 10 years (from 35,000 to
more than 40,000) (Figure 2). The
number who are U.S. citizens has
remained at about 30,000, despite
declining numbers of baccalaureate
degrees in biology.

Ph.D. degrees awarded in the
biological sciences remained at just
under 4,000 until the late 1980s,
when they began to increase (Fig-
ure 3). On average, the 4,794 who
received Ph.D.'s in biology in 1992
were registered in graduate school
for 6.7 years, an increase of 0.7 of a
year over the previous 10 years.
Women are well represented in the
pool of new biology doctorates (39

Doctorate-Granting Institutions, 1982-1991

Number of full-time students

45,000

40,000
85,000
30,000
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20,000
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138 1083 1984 1985 1986
B All students with federal support

B First-year students

Source: National Science Foundation, 1993
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Figure 3
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iological Sciences,

1983 1989 1000 1091 1902
M All biological sciences

Nole: Selected fields include those related to the five areas of the Institute's scientific program: cell biology and

g , genetics, & logy neun

ience, and structural biology

Source: Nuliomal Rescorch Council, Summavy Reporl, Doctorale Reviptents from United States Universities,

annual

percent), whereas some minority
groups remain substantially under-
represented (1.3 percent black, 1.5
percent Hispanic, and less than 1
percent Native American).
Universities and the federat gov-
ernment continue to be the major
sources of financial support (50 per-
cent and 28 percent, respectively).
The National Institutes of Health
alone, in 1992, supported 6,700 pre-
doctoral students through its train-
ing program awards to individua.s
and institutions; additional predoc:-
toral support is provided through
research grants. '
Postdoctoral training is a vital
apprenticeship for biomedical inves-
tigators. In the past decade, the

increase in postdoctorates has paral-
ieled the increase in graduate stu-
dents. The federal government is the
souice of support for three-quarters
of these scientists (Figure 4). In
1992, 73 percent of new Ph.D.’s in
the biological sciences had plans for
postdoctoral training, and about 20
percent of new physicians planned
to seck a research fellowship at
some time in the future.

- ]
Overview

Ti. -~aduate education initiative of
the .nstitute grants program is
intended to promote excellence, to
complement other sources of avail-
able support, and to meet special

24
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Figure 4

Biological Sciences Postdoctorates, 1982—1991

Number of postdoctorates

LY
12,000
10,000

8000 _

1982 1983 1684 1985
Source: National Science Foundation, 1992,

needs. Highlights of the program
include the establishment of Pre-
doctoral Fellowships in Biological
Sciences in 1988 (see Graants Pro-
gram Policies and Awards, 1988~
1989). After six rounds of awards,
predoctoral fellowships now provide
over $8 million annually to more
than 300 students. Each may
receive up to five years of support
for graduate study in selected bio-
logical sciences. Since the inception
-of the program, a total of $26 million
has been awarded for almost 400
fellows who have been enrolled in
outstanding graduate programs.
Reflecting the maturation of the pro-
gram, 43 fellows have successfully
defended their Ph.D. thesis and
have gone on to pursue postdoctor-
al training at leading laboratories. A
few have attained faculty status.

Graduate Science Education

1986 1987 1988 1989 1890 1691
W With federal support B All postdoctorates

In June 1993 the Institute con-
vened its first meeting of predoctor-
al and physician postdoctoral fel-
lows. About 50 predoctoral fellows,
in the last year or two of their fel-
lowship, presented their research in
oral and poster presentations (see
1993 Meeting of Predoctoral and
Physician Postdoctoral Fellows, Pro-
gram and Abstracts). Such meetings
will be held annually.

The first Research Training Fel-
lowships for Medical Students were
awarded in 1989 (see Grants for Sci-
ence Education, 1989-1990). These
fellowships provide support for one
year of full-time research on basic
biological process=s and disease
mechanisms. In 1990 the program
was expanded so that a small num-
ber of fellows could continue their
research for a second year or

bi)




receive support for up to two years
as they completed their medical
studies. The Institute now provides
over $2 million annually for these
new and continuing fellows. A total
of 88 million has supported more
than 350 medical students.

At the first Scientific Meeting of
Fellows, in May 1990, the 1989
medical student fellows reported on
their research. Each year since then
the students have presented the
results of their fellowship research
(see the 1991, 1992, and 1993 edi-
tions of the Institute publication Sci-
entific Meeting of Feliows, Research
Training Fellowships for Medical
Students, Program and Absiracts).

The Institute launched a third
program of fellowship awards in
1990, the Postdoctoral Research
Fellowships for Physicians. These
are intended to help increase the
supply of well-trained physician-sci-
entists by providing three years of
support for training in biomedical
research to physicians who have
completed at least two years of post-
graduate clinical training (see
Grants for Science Education, 1990-
1991). Ahout 86 million is provided
annually for these fellowships.
Since the inception of the program,
a total of almost S8 million has been
awarded for about 100 men and
women as they work at the leading
edge of their research field under
the guidance of superb mentors.

The Research Resources pro-

graim has been another avenue for |

support of graduate education. The
first grants under this initiative, in
1987 and 1988, went to Cold Spring
Harbor, Jackson, and Marine Bio-

logical Laboratories. These three
grants and a second one to Cold
Spring Harbor Laboratory, totaling
altogether $14 million, were award-
ed in part to support these institu-
tions’ unique series of short courses
£>r biomedical scientists.

Predoctoral Fellowships in
Biological Sciences

The goal of the Institute’s program
of predoctoral fellowships in biologi-
cal sciences is to promote excel-
lence in biomedical research by
helping exceptional students obtain
high-quality graduate education.
Fellows must pursue a full-time
graduate program leading to the
Ph.D. or Sc.D. degree.

Predoctoral fellowships arc
awarded to students at or near the
beginning of their graduate study
toward a Ph.D. or Sc.D. in any of 16
eligible fields in the biological sci-
ences. In general, these areas of
fundamental research parallel those
of the Institute’s scientific progran.

College seniors, college gradu-
ates with limited or no postbac-
calaureate graduate study in the
biological sciences, or first-year
graduate students may apply for the
predoctoral fellowship. Individuals
who hold or are pursuing a medical
or dental degree (M.D., D.O..
D.V.M., or D.D.S.) may also apply if
they meet eligibility criteria.

The predoctoral fellowship pro-
gram is open to applicants from any
country. Fellows who are U.S. citi-
zens or nationals may study in the
United States or abroad. I‘ellows

31
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Graduate Science Education

who are [oreign citizens or nationals
may study only at U.S. institutions.

The National Research Council
of the National Academy of Sci-
ences conducts the predoctoral fel-
lowship competition on behalf of
the Institute, For the 1993 competi-
tion, panels of distinguished bio-
medical scientists evaluated nearly
1.500 applications. They were par-
ticularly attentive to the applicant’s
pian of study and research, refer-
ence letters, and previous research
experience, in addition to such
quantitative indicators as Graduate
Record Examination scores and
undergraduate grade point average.
Based on the panels’ evaluations,
awards were made to applicants
who had demonstrated superior
scholarship and showed the great-
est promise for achievement in bio-
medical research (Figure 5).

The Institute selected 39 men
and 31 women as fellows, Among
these are two from India and one
each from Australia, China. lsrael,
Japan., Malaysia, Peru, and the
Philippines. Included in the 1993
group are cight outstanding stu-
dents from minority groups under-
represented in the sciences, bring-
ing to 26 the current number o pre-
doctoral fellows who are black. His-
panic, Native American, or Native
Pacific Islander (Figure 5). The fel-
lows selected for this year studied
at 48 undergraduate institut:ons,
including 4 abroad (Figure 5). They
intend to pursue their gracduate
studics at 30 U.S. and foreign insti-
tutions.

As the Institute invests in gradu-
ate education, it seeks to encourage

Figure 5

|
Pr-:doctoral Fellowships in Biological
Sciences, Program and Award Highlights

Fellowship Terms
W66 awards annually
ulip to five years of support

m $26,700 annually
$14,000 stipend

$12,700 cost-of-education
allowance

Eligibility

m Less than one year of grad-
uate study completed

m Full-time study toward a
Ph.D. or Sc.D. degree

mSelected biological sci-
ences

biochemistry
biophysics
biostatistics
cell biology and regula-
tion
developmental biology
epidemiology
genetics
immunology
mathematical biology
microbiology
molecular biology
neuroscience
pharmacology
physiology
structural biology
virology

1993 Awards

mTotal number: 70

31 women and 39 men

61 11.S. citizens and
9 foreign citizens

39 college seniors (at the
time of application) and
31 graduate students,
including

4 medical students and

1 physician

8 minorities underrepre-
sented in the sciences

mFellowship institutions: 30

All Current Predoctoral
Fellows

mTotal number: 310

128 women and 182 men

270 U.S. citizens and
40 foreign citizens

150 eollege seniors (at the
time of application) and
154 graduate students,
including

24 mnedical students,

3 physicians, and

3 veterinarians

36 minorities underrepre-
sented in the sciences

m Fellowship institutions: 55

m Distribution by field

52 biochemistry and
structural biology

10 biostatistics, epidemiology,
and mathematical biology
446 cell biology and
immunology

106 geuetics, microbiology,
molecular biology, and
vitology

96 neuroscience, biophysics,
developmental biology, phar-
macology, and physiology

S
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Undergraduate Institutions

Beijing University (People’s
Republic of China)
Brown University, 3

California Institute of
Technolcgy, 2

Calvin College

Carnegie Mellon University
College of William and Mary
Cornell University

Duke Uriversity, 2
Evergreen State College
Harvard University, 7
Indiana University at
Bloomington

Johns Hopkins University
Kenyon College

High Schools

Arizona

Flagstaff, Flagstaff
Arkanzas

Hall, Little Rock
California

Colton, Colton

Crystal Springs Uplands,
Hillsborough

Jefferson, Dale City
Polyte:chnic, Pasadena
Skylire, Oakland

Terra Linda, San Rafael
Florida

Pine View School for the
Gifted, Sarasota

Georgia

llenry Grady, Atlanta
IMinois

Glenbard East, Lombard
Ilinais Mathematics and
Science Academy, Aurora
Rick Central, Olvinpia Fields
Indiana

Valparaiso, Valparaiso
Louisiana

Benjamin Franklin, New
Orleans

Maryland

T.J. Wootto.}, Rockville

USCARE Cht I PP

Kyoto University (Japan)
La Salle University
Macalester College, 2
Michigan State University

North Dakota State University
Main Campus

Northern Arizona University
Princeton University, 2
Purdue University

Reed College, 3

Rice University, 3

Rutgers the State University of
New Jersey New Brunswick
Campus, 2

Spelman College

Stanford University, 2

Massachusetts
Concord-Carlisle, Concord
Newton North, Newtonville
Windsor School, Boston
Michigan

Green Hills, Ann Arbor
Haslett, Hasletl

Michigan Christian, Muskegon
Missouri

David H. Hickman, Columbia
Mehbville, St. Louis

Park Hill, Kansas City
Parkway South, Manchester
Nevada

McQueen, Reno

New Jersey

Bridgewater-Raritan,
Bridgewater

Columbia, Maplewood
Freehold Township, Freehold
Newark, Newark

North Huaterdon, Annandale
Wayne Hills, Wayne

West Windsor-Plainsboro,
Princeton Junction

New Mexico

Los Alamos, Los Alamos

e ]
K|

Texas A&M University
University of California~
Berkeley

University of California~
Los Angeles, 2

University of California—
Santa Cruz, 2

University of Chicago
University of Illinois at
Urbana-Champaign, 2
University of Michigan—
Ann Arbor

University of Montana
University of New Mexico Main
Campus

University of Pennsylvania

New York '
Alternative Community, Ithaca

Anglo-American International,
New York City

Hillerest, New York City
Ithaca, Ithaca

Lakeland, Shrub Oak
Ohio

Dublin, Dublin

St. Ignatius, Cleveland
Worthington, Worthington
Pennsylvania

Cumberland Valley,
Mechanicsburg

Dover Area, Dover

Lansdale Catholic, Lansdale
Philadelphia High School for
Giils, Philadelphia
Pottsgrove, Pottstown
Tennessee

Clinton, Clinton

Oak Ridge, Oak Ridge
Texas

Bryan, Bryan

Plano, Plano

Utah

Skyline, Salt Lake City
Virginia

Fairfax, Fairfax

0
e

University of Peru-
Cayetano Heredia (Peru)

University of Pittsburgh Main
Campus

University of Queensland
(Australia)

University of Tennessee,
Knoxville

University of Texas at Austin
University of Utah

University of Virginia
Washington University
Wellesley College

Wesleyan University

Yale University, 3

Washington

Olympia, Olympia

Wisconsin

Madison West, Madison
Sparta, Sparta

University School of
Milwaukee, Milwaukee
Wausau East, Wausau
Outside the United States
Australia, Keebra Park State,
Southport

Ecuador, C. Aleman
Humboldt, Guayaquil

India, DAV Higher Secondary,
Madras

India, Springdales, Delhi
Jamaica, Wolmer's Boys
School, Kingston

Japan, Hiroshima University
Senior High, Hiroshima
People’s Republic of China,
Accessory Middle School of
Northeast, Changchun

Peru, Colegio Alfonso Ugarte,
Lima

Philippines, International
School, Manila

U.S. Virgin Islands, Ivanna
Fudora Kean, St. Thomas
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Figure 7

diversity among students working
full-time toward a doctorate in the
biological sciences. If current pro-
gram trends continue in future com-
petitions, 10 to 15 percent of the fel-
lows will be from minority groups
underrepresented in the sciences
and 40 to 45 percent of the fellows
will be women.

The predoctoral fellows selected
lit the 1988-1992 competitions con-
tinue to demonstrate exceptional
ability as biomedical researchers.
They have notified the Institute of
88 peer-reviewed journal articles

and 87 abstracts published during
the past-year, based on feliowship
research, and of 48 oral and 103
poster presentations at internation-
al, national, and regional scientific
meetings. By June 1993, 43 fellows
had informed the Institute that they
had compleied their graduate stud-
ies and defended their thesis.
About 50 predoctoral fellows
near the end of their fellowship
term were convened at a June 1993
scientific meeting of predoctoral
and physician postdoctoral fellows
(Figure 7). In the presentations on

1993 Meeting of Predoctoral and Physician Postdoctoral Fellows

Howard Hingies Medieal st

Uffiew af Grant~.nd Specral Prottrames

1993

Meeting of
Predoctoral and
Physician
Postdoctoral
Fellows

Predactoral Fellowships in Bialagicai deieners
Pustdiectaral Researeh Fellowships Tor
Physicians

Erotram and \bstraos

Tune 17 1T

(%)

ERIC

Graduate Science Education
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Nuwaard Hughes Medival Intinte
Offie- of Grants and N ‘Tugrims

B et of Predoctoral and Phasicin astdodtoral Fellows
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Pntdoctoral Researell Felluwahips for Physivians

Monday. June 14191
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Figure 8

Predoctoral Fellowships in Biological
Sciences, All Current Fellowship

Institutions

Albert Einstein College of
Medicine

Baylor College of Medicine
Boston University
Brandeis University
Brown University

California [nstitute of
Technology

Carnegie Mellon University

Case Western Reserve
University

Columbia University
Cornell University

Duke University

Emory University
Harvard University
Johns Hopkins University

Massachusetts Institute of
Technology

MecGill University (Canada)
Northwestern University
Princeton University
Rockefeller University
Rush University

Rutgers the State University of
New Jersey New Brunswick
Campus

Seripps Research Institute
Stanford University

State University of New York at
Buffalo

Tufts University School of
Medicine

Tulane University
University of Arizona
University of C2lifornia—
Berkeley

University of California—
Los Angeles

University of California—
San Diego

University of California—
San Francisco
University of Cambridge
(United Kingdom)

University of Chicago

University of Colorado at
Boulder

University of Colorado Health
Sciences Center

University of Coltnecticut
University of Florida
University of Houston

University of 1llinois at
Urbana-Champaign
University of Michigan—
Ann Arber

University of Minnesota—
Twin Cities

University of New Mexico Main
Campus

University of North Carolina at
Chapel Hill

University of Oregon

University of Oxford (United
Kingdom)

University of Pennsylvania

University of Pittsburgh Main
Campus

University of Texas Medical
Branch at Galveston

University of Texas Southwest-
ern Medical Center at Dallas

University of Utah
University of Virginia
University of Washington
University of Wisconsin—

Madison
Washington University
Yale University

.‘(“D
C‘I

their research, the fellows gave fur-
ther evidence of their skill and pro-
ductivity and showed enthusiasm
for their chosen careers as scien-
tists. (See the Institute publication
1993 Meeting of Predoctoral and
Physician Postdoctoral Fellows, Pro-
gram and Abstracts.)

The Institute will continue to
award about 66 new predoctoral fel-
lowships annually. At present 310
predoctoral fellows are receiving
support at 55 academic institutions,
at an annual cost of over $8 million
(Figure 8).
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Name

Suzanne Admiraal

Biochemistry and Structural Biology

Follnwship tastitarion

Stanford University

Eldin Baird

Alexis Borisy.

Annette Dexter

Jaines Juntes

Harard University...

Predoctoral Fellowships in Biological Sciences, 1993 Fellows

Depitrtment

Lalifurnia Institute of Teclutal

Biochemisity

R

niversity of lineis at Urbana-Clamp;

Shuo Liu

Mitlael Potrer

Chad Riensira

laura Rusche

Lniversity of Californii- Los Angeles

SYale University

cripps Research Instine

Chemisin
Chemistry
. Binchemistry
Office of Graduate Sudies

Chemistey and Binchemistry

‘tiversity f Houston

Chemistny

Lhemistn

lohns Hopkins 1" niversity

Peter Savage

I;’i‘l"‘(.'.l.l('lllihll y (l'llllllr and Molee tlar Binlogy

Stanford University

............... Conthined Admissions Mode

Biostatistics, Epidemiology, and Mathematical Biology

Carl Bergsirom
Stephen Lane ..

Stanford University

Biological Selenees

University of California-Rerkeley ...........

Eli Meir

Integrative Biolog

I'niversity of Washington

Amy Sayle
Joseph Wiemels

Uaiversity of California~Boerkeley

Sheryll Barker

Cell Biology and Immunology

Scott Bowling

Daniel Buchhalz

Javier Chinen

Diana Harris

Sarah Mutkic

ADNY KIS et

Joanne Adamkowiez

Shane Albright

arvard University
Unive
I niversity of California

University of North Carolina at Chapel Hill

Zonlogy
B |)I||I'I|I|n|(|;\
- Biomedical and l-‘n\u onmacaaal Healih Seiesices

University of New Mexico Main Campus
Duke University

Biomedical Scienees
Colland Moleeular Biology

University of California=Berkeley ...
.Bayler College of Medicine

~Alaleentar and Colt Biology

Mictshiology and Immunology
Biological Seivpees

Sau Francisco
San Franciseo

ity of California

Biochemistry and Bisphysics

Genetics, Microbiology, Molecular Biology, and Virelogy

........... I"niversi

v of Califurnin-Berkeley

Biochemistry and Biophysics

Mulecalar and Cell Biolog

I'niversity of Californin-Rerkeley

Adriana Brisene

Moleculier and Cell Biology

Harvard University

Reynalde Caraben
il Carmi

.......... U nive

sity of Wisconsin-

LOnganismic and Evelutionary Biolug
Onralag

University of Catlifornin-Berkeley ...

David Cone.........

Duke University

Ewa Davisim

Moleeular and Cell Biology

Leena Gandhi

Massachusetts Institute of Technotogy

Cell and Malecular Biology
....... Bialogy

U'piversity of California-Berkoeley

Keow Gal

......... Malecular and Cell Binlogy

Massachusedts [nstitute of Tee Ilnulug\'

Mare Ibanez

University of California-Berkeley

Seiko [shida

Liura Kozlevear

University of Califurnia—San Francisco

Binlogy

Melee nl.lr and Cel) Bmlng\
Binchemistry .lII(| Ihup s

U'niversity of California- San Divge

Cosette LeCiel

Brian Lowis

Bi lical Seienees

“niversity of Washington

Whitney Neufeld-Kaiser

Johns Hopkins U niversity

Geneties
......... Hunim Geneties

1" niversity of Washington

Sophie Petersen

Kimbery Phillips

...... I"niversity of California-Berkeley

....... Geneties

Cornell University ..........

Franees '

Molecularad Cell Biolagy
Geneties and Development

University of Calffornia-Berkeley

Anne Queenan

Moleeular and Cell Biology

I'rinceton University

Rrent Rupnow

Stanford Unive

Vrina Sarafi

Molecular Biology
Cancer Biology

Mark Siegal

Washington I'niversity

Biological and Biomedical Seienees

Harvard Univers

Michael Sottaskey,

Irganismic and Evolutionary Biology

Stanfard Univer

Thomas Wang

Kevin White

Anilrew Zahalsky

University of Catifrnia-San Francisco

Combined Admissions Made
Biachenistry and Biophysies

Stanford University

Deselopmental Biology

Brown University ......

Michael Biam-hetta...

Rarvard University

Leather Corbeft

Biology and Medicine

Neuroscience, Biophysics, Developmental Biology, Pharmacology, and Physiology

...... Nevrobiolagy

University of California-Berkeley

Saumya as

Molecolar and Cell Biology

larard University

Reid Fridman

Balasubr jan Girish

Lisa Goodrich

Melina Hale

California Institute of Technology

Neurobiology

University of California-Berkeley

Bivlogy
....... Malee ular .md Celi Binlngy

Stanfurd University

Neuroseirnees

Jopathan lleller..........

I'niversity of Chicago .....

Eriversity of California-Berkeley

Alin lasanafr

Organismal Biology and Anatany
Biophysics

Ilarvard University.

Christopher Kousky,

State University (If\l'\\ \url\ at Buffalo

Daniel Lyms

Biophysies
.......... Biochenmiceal Pharmacology

Valerie Pieree

Comhined Mdmissions Mode

University of (hicagoe

Jleanelle Richardson

University of Minnesota-Twin Cities

Organisnial Biology and Anatomy

Kimberly Scearce
il Schaceffer,

Columbsia I niversity:

Phannacelogy
e Newr 0 and Behavior

University of Arizona

Marion Sewer

Ecology and Evelitionary Biology

Fraony University

Micharl Silver

Physiologioal and Pharmacolegical Sciencees

“Award deferred from 1992

URiVersiny 0F CAliMEIT=SA10 FRIICISU0 e sncreeseeresennessossonsnns s sssos sesssssss sssonssasasssos sessss cosesess sssmsssssssnsssssssasns soes sessnesen Nvuroscience
Jushua Tenenbanm s husetts nstilute of Teehnnlos Brain amt Cognitive Scienves
Monica Torres U Iversity of WASHINBUIIL ooy e serrnsssimminese s sssssssstesssessaresesses esmnen Pharmicolog and Nearobiology
Matthew TrOSCI e e cevvmsessms e Massachusetts Institute of Technology et aatet s s e ena e Brain and Cognitive Seences
Nathaniel Urban Universily of Pittshurgh Main Canipus. oo esveevn e Brhavioral Newroseienee
DaVHE WRECIOT. covvoseeeveenee e ssss st e sese s srssas s s ensosnnan Stanford University revessmees onsrmnenssnsmnas artere s seassnen e seensenncss N CHPOSCIONEES
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Figurc 9
- -]
M.D. Plans at Graduation, 1983—1992

Intention to Seek a Research Fellowship
Percentage of graduating physicians

2%

2

- - 20 S — — S S .
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1983 1984 1985 1986 1987 1988 1969 1990 1901 1902

-Research Interests

Percentage of planned fellowships

1983 1084 1985 1986 1987 1088 1080 1900 1891 1002
B Basic research Bl Combination M Clinical research

Yote: The questionnaire allowed for an “undecided” response for the first time in 1984, which may accounl for
the abrupt drop behween 1983 and 1984 of intended research fellowships (lop graph).

Source: AAMC Graduation Questionnaire,annual.

)
-
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Research Training
Fellowships for Medical
Students

The Institute’s Research Training
Fellowships for Medical Students
have as their primary objective an
increase in the proportion of physi-
cians who are significantly involved
in research. The fellowships pro-
vide support for an intensive year of
laboratory investigation for medical
students who have begun to consid-
er research as part of their career,

The pool of potential physician-
scientists is drawn from current
medical school students with a keen
interest in research. The Associa-
tion of American Medical Colleges
annually surveys all students receiv-
ing an M.D. degree in a given year.
According to the latest AAMC grad-
uation questionnaires, about half
the M.D. recipients had participated
in research projects in medical
school and a third were coauthors
of a published paper. Further,
one-fifth of the graduating medical
students intend to sceek a research
fellowship. Among thosc, the per-
centage planning to focus on basic
science, either alone or combined
with clinical research, remains fairly
steady (Figure 9).

The AAMC also reports that
ahout 14 percent of M.DD. graduates
foresce a significant involvement in
research. However, only slightly
more than 1 percent want a full-time
academic career with a focus on
basic science. These trends high-
light the continuing importance of
providing training opportunities in

C

Figure 10

Research Training Fellowships for Medical
Students, Program and Award Highlights

Initial Award Terms

u Up 10 60 awards annually

| (ne year of support

= 323,200 fellowship for 1993
$14,000 stipend
$4,500 research allowance
$4,700 institutional
allowance

8 Continued awards possible
for a second year of research

u Continued awards possible
for up to two years while
completing medical school

Continued Awards Terms

mSecond Year of Research
($23,200 for one year)
$14,000 stipend
$4,500 research allowance

$4,700 institutiona!
allowance

mReturn to Medical Studies
(526,700 annually for up te
wo years)
$14,000 annual stipend

$12,700 educational
allowance

Eligibility for Initial
Awards

mCurrently enrolled in a U.S.
medical school

®m Fundamental research
(basic biological processes
and disease mechanisms)

| Pull-time research

m Fellowship year at any academic
or non-profit research institu-
tion in the United States, except
NIH in Bethesda, Maryland

N Not enrolled in an
M.D/Ph.D. or Ph.D. program

19983 Initial Awards

|Total number; 57

21 women and 36 men
3 minorities underrepre-
sented in the sciences
Medical school level
completed

Year I; 2 fellows

Year 2; 32 fellows

Year 3: 21 fellows

Year 4: 2 fellows

K Fellowship institutions: 27
aDistribution by fleld

2 biochemistry and struc-
tural biology

21 cell biclogy and
immunology

17 genetics and molecular
biology

17 neuroscience and
physiology

Continued Awards—
Return to Medical
Studies or Second
Year of Research

WTotal number: 42%

20 women and 22 nien
8 minorities underrepre-
sented in the sciences
Medical school level
completed
Year 2: 5 fellows
Year 3: 11 fellows
Year 4: 26 fellows

“These figures include 13 medical student fellows and 12 HIIMI-NIH
Research Scholars selected in 1993 for continued awards for return to
wedical stuctes, and 1 medical student fellow selected for a second year
of research. In addition, the figures include 16 of the continuing fellotrs
selected in 1992 wha are in the second year of such support,

o
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Figure 11

Research Training Fellowships for Medical Students, Educational Origins of 1993 Initial

Awardees

Undergraduate Institutions

Bryn Mawr College

City University of New York
Brooklyn College

College of William and Mary
Cornell University, 5
Duke University, 5

Eastern Mennonite College and
Seminary

Georgetown University
Harvard University, 2
Haverford College

Johns Hopkins University, 2

High Schools

California

Alhambra, Alhambra
Leland, San Jose

Los Alamitos, Los Alamitos
San Gabriel, San Gabriel
Santa Monica, Santa Monica

Connecticut
Wilton, Wilton

Florida
Trinity Preparatory, Winter Park

[llinois

J.B. Conant, Hoffman Estates
Lawrenceville, Lawrenceville
Niles North, Skokie

Indiana

Lake Central, St. John

St. Josepl's, South Bend
Louisiana

Baton Rouge Magnet,

Baton Rouge

Maryland

0ld Mill, Millersville

Walt Whitman, Bethesda

Knox College

Louisiana State University and
A&M College

Luther College

Northwestern University, 2
Oberlin College

Pomona College

Princeton University

Purdue University Main Campus

Rutgers the State University of
New Jersey New Brunswick
Campus

Massachusetts
Lenox Memorial, Lenox

Rivers School, Weston
Westou, Weston

Michigan

Delasalle Collegiate, Warren

Grosse Pointe South,
Grosse Pointe

Lahser, Bloomfield Uills

Minnesota
John Marshall, Rochester

Missouri

Horton Watkins, St. Louis
Jindberg, St. Louis

Rock Bridge, Columbia

New Hampshire
Philiips Exeter Academy, Exeter

New Jersey
North Brunswick,
North Brunswick

East Brunswick, East Brunswick
Hunterdon Central, Flemington

Siena College

Stanford University, 4
Swarthmore College

University of California-Irvine

University of California—
Los Angeles

University of lllinois at Chicago

University of Michigan—
Ann Arbor

University of Missouri~Columbia

University of North Carolina at
Chapel Hill, 4

New York

Dalton School, New York City, 2
Ramapo, Spring Valley

Regis, New York City
Schalmont, Rotterdam
Williamsville East, Williamsville
North Carolina

Ashe Central, Jefferson
Asheville Scho.l, Asheville

North Carolina School of Science,
Durham

Paisley, Winston-Salem
Southeast Guilford, Greensboro
Ohio

Beachwood, Beachwood

Columbus School for Girls,
Columbus

Rocky River, Rocky River
Solon, Solon

Oregon
Churchill, Eugene

University of Oregon

University of Southern California
University of Texas at Austin
University of Utah

University of Washington

Wake Forest University

Wayne State University
Wellesley College

Williams College

Yale University, 3

Pennsylvania

Churchill, Pittsburgh
Lancaster Mennonlte, Lancaster
Texas

Georgetown, Georgetown
Kinkaid School, Houston
Klein, Spring

Utah

Olympus, Salt Lake City
Virginia

Fairfax, Fairfax
Washingten

St. George's, Spokane
Washington, D.C.

Woodzow Wilson,
Washington, D.C.

West Virginia

Mount View, Welch

Outside the United States
Canaa, La Canada, La Canada

Ghana, Mawuli Secondary
School, Ho

Grants for Science Bducation, 1994
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fundamental rescarch and nurtur-
ing student interest.

For the last seven years, the
Research Scholars Program, spon-
sored jointly by HHMI and NIH,
has brought selected medical stu-
dents to the NIH intramural labora-
tories for a year of fundamental
research experience. To increase
the number of students who may
benefit from a similar experience,
the Research Training Fellowships
for Medical Students were initiated.
Fellows may affiliate with a labora-
tory at any academic or nonprofit
research institution in the United
States (except NIH in Bethesda,
Maryland). thus complemmenting the
HHMI-NIH program.

Initial Year of Research

Research Training Fellowships for
Medical Students are awarded to
applicants who show the greatest
promise of achievement in biomed-
ical research and who have demon-
strated superior scholarship in their
undergraduate and medical school
work (Figure 10). Applicants must
be enrolled in a medical school in

Figure 12

R
Research Training Fellowships for Medical
Students, All Current Fellowship

Institutions

Albert Einstein College of
Medicine

Brown University

Case Western Reserve
University

Columbia University

Cornell University Medical
Center

Duke University

Harvard University
Johns Hopkins University
Mayo Medical School

Mount Sinai School of
Medicine

Northwestern University

Ohio State University Main
Campus

Oregon Health Sciences
University

Pennsylvania State University

Rockefeller University
Rush University
Stanford Unlversity

State University of New York at

Buffalo
Tufts University

University of California—
San Franclsco

University of lllinois at
Chicago

University of Maryland at
Baltimore

University of Massachusetts
at Worcester

University of Medicine and
Dentistry of New Jersey—
Robert Wood Johnson
Medical Schoot

University of Michigan—
Ann Arbor

University of Minnesota—
Twin Cities

University of North Carolina
at Chapel Hill

University of Pennsylvania

University of Pittsburgh Main
Campus

University of Southern
California

University of litah
University of Washington
Washington University
Yale University

the United States. A panel of bio-
medical scientists convened by the
Institute evaluates each application,
placing special emphasis on the let-
ters of reference, the research plan,
and the mentor’s plans for training
the student.

The 1993 competition resulted in
awards to 57 new fellows, including
36 men and 21 women, for one year
of full-time laboratory rescarch (Fig-
ure 10). These fellows are enrolled
in medical sehool at 27 institutions

Graduate Science Education

and are graduates of 38 colleges
and universities (Figure 11). Eleven
of the fellows will be in a laboratory
not affiliated with their medical
school. The fellowship institutions,
including thoese for continued fel-
lows, number 34 (Figure 12).

By the end of June of the fellow-
ship year, 27 papers by 20 of the fel-
lows selected in the 1992 competi-
tion had been accepted for publica-
tion in peer-reviewed journals, and
16 abstracts had been published.

13




Figure 13

1993 Meeting of Medical Student Fellows

Forty-two of the fellows participated
in 74 regional, national, and interna-
tional scientific meetings. The med-
ical student feilows were also con-
vened in Bethesda at the May 1993
Scientific Meeting of Fellows (Fig-
ure 13), where they provided fur-
ther evidence of a preductive year
and enthusiasm for continued
involvement in fundamental sci-
ence. (See the Institute publication
1993 Scientific Meeting of Fellows,
Research Training Fellowships for
Medical Students, Program and
Abstracts).

Continued Support

Fellows may apply for support for a
second year of research. They may
also compete for continued fellow-
ship support for up lo two years
while they complete their study
toward the M.D. degree. Medical
students at NIH under the auspices
of the HHMI-NIH Research Schol-
ars Program are also eligible to
apply for continued support toward
the completion of medical studies
(Figure 14).

Candidates for continued fellow-
ship support in 1993 were evaluated

Howard Hughes Medu al Insinune

Office of Grants and Spevial Programs

1993
Scientific
Meeting of
Fellews

Revearch Trair®og 2 lawships far
Medical Students

I'rogrtn and Ahadraci

May 1113, (e

Program Synopsis

Howard Hughes Medical Institule
Office of Grants and Special Programs

19598 Scennific Meeting of Fellows
Research Trmag Fellowships far Medicat Stadenis

Wedneaday. Ma 12, 1998

Frilvm’ Prewextations

SHUPA
Cotomits et ah Deas Fram taete

Vo 0o Dutnas and 1o gt

akoLen
Hevetiou Bakn avd sizal Trnst, b
oo Yrpmaenntal Fruss s v

Pancl on Tralning fo Carercs as Paysiclan Rewarthers
I

Ieifted Speaker
Vi Fubonas it

Bisease Gt ] b
ngghes Moo al Eatewse v s ot It mal
Soras of fond Lol st Mot e

Thoraday. May 13 1993
Frtlony’ Presentations
wiotea
Aetng
Tewuriie Romgo v Moy Haeus =ss b AL 305 1ot

wroLPR
S,

ALt 4 1 e F agarac o

Grants for Science Education, 1994

14 41
ERIC

Aruitoxt provided by Eric:



Figure 14

Reearch Opportunities for Medical Students

The Howard Hughes Medical Institute has two program:s that provide opportunities for medical students in the United States to
spend a year doing intensi.e research. For each program, the students are selected on the basis of a national competition. Stu-
dents may apply to only one of these programs in a given year. A comparison of the two programs follows.

Time

Place

Salary/Stipend

Research Topic

Research Costs

Citizenship

Medical School Support

For Information and
Applications:

Graduate Science BEducation

HHMI-NIH Research
Scholars Program (Cloister
Program)

Appointment is for nine nionths to one
year, with an opportunity for some schol-
ars to extend for an additional year of
research.

Research is conducted at NIH in Bethes-
da, Maryland. The Cloister, a residentiel
facility for scholars, is available on the
NIH campus. Travel to and from Bethes-
da is provided.

'The annual salary for scholars is $16,800.
Research scholars are employees of
HHMI, with fringe benefits.

The research project is selected upon
arrival at NIH, after a round of laboratory
visits.

There is no special research allowance.
Costs are covered by the scholar's
laboratory.

Scholars must be citizens or permanent
residents of the United States.

. |
HHMI Research Training
Fellowships for Medical
Students Program

The fellowship term is one year, with an
opportunity for a small number of fellows
to extend for an additional year of
research.

Research is conducted at an academic or
nonprofit research institution in the Unit-
ed States chosen by the fellow. Research
may not be at NIH in Bethesda, Mary-
land.

The annual stipend for fellows is $14,000.
Fellows are not HHMI employees and
receive no fringe benefits. However, a
portion of the $4,700 allowance to the fel
lowship institution may be used for
health insurance for the fellow.

The research project must be described
in the fellowship application.

A $4,500 research allowance on behalf of
the fellow is provided to the fellowship
institution, in addition to the $4.700 insti-
tutional allowance.

There are no citizenship requirements.
However, applicants must be attending
medical school in the United States.

Students from each program may compete for a small number of awards for up to two
additional years of fellowship support while completing medical school. The support
will be a §14,000 annual stipend and a $12,700 annual allowance toward tuition and

other education-related expenses.

HHMI-NIH Research Scholars Program
Howard Hughes Medical Institute

1 Cloister Court, Department G
Bethesda, MD 20814-1460

(301) 951-6770 or

(800) 424-9924

| ' 4\2
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Research Training Fellowships for
Medical Students/GSES4

Howard Hughes Medical Institute
Office of Grants and Special Programs
4000 Jones Bridge Road

Chevy Chase, M) 20815-6789

(301) 215-8889
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Research Training Fellowships for Medical Students, 1993 Fellows

Initial Awards—First Year of Research

Fellow Research Mentor Fellowship lustitution Department

Biochemistry and Structural Biology .

Brian E. Daikh Dennis B Koop, TRD. s e oensd Oregon lealth Seiences University Pharmacology
Site-dirceted mutagenesis of tochrome P50 2¢2

Viekie Fowler Ingledue ... Saul M. Schanberg, M., PhD. ke University Phisrmacalogy

Cellular nieehianizms mediating the inhibition of ornithite decarboxylase expression during maternal tactite deprivation in the neonate

Cell Biology and Immunology

Dieter Bruno . Jeffrey L. Plact, M. Duke University Cardiac and Thoracie Surgery
Xenoreactive natural antibodie -cell repertoire aladysis

Douglas G. Brust ... CAVarner Greene, MDD PILD. e e University of California-Sao Francisca Virology and Immunolegy
fdentifieation of cellar factors that interact with BV rev (Columhia University Col »ge of Physi

Charlene Chiang...... duseph A THIL MLD. and Deborali ] Anderson, PhuD. ... ATV L DIVETSIY crervvt e eeesvesc e ceaenessessess e senss s ratenessseans s annes sossssnes Obstetrics
Expression of TN L and IL-1§ in endometriosis and adenonyosis

Robert 1. Ferris. oo Rubiert Siliciane, M0, Ph.D. lohns Hopkins University. Medieine
Human CD8* ¢y angse Lo i Jiovel avian pox virus-env gene ADS vaceine

Sarah M. FOMURE oo Seth Lederman. M.D. Columhia University Medicine
Molecular disseetion of T-B lviaphecyte interactions

Bruce Frederiek Isracl Jeffrey N Frelinger. PR, e Iniversity of Narth Carolina at Chagel I e Microbiology and Tnmunolegy
The rale of CD4° CTL in B-2 niicroglobulin delicient mice

Lloyd fl. Ketchuin ... Roy L. Silverstein, M.1). Cornell 'niversity Medical Center .. Hematology and Oneology
Strueture-function analysis of CD36, a vascular cell adhesion receptor

Mustafa Kezar Khokha... L Phitip M. Tanmiaceone, ML D.PRIL e NORWESIETN CIVETSIY oo ceveeens s cessissss s sssssessssssss s sess s Pathalogy

{terating coll division pm].,mms ,\ml fractal mosaic pattenvin organ development

Stella K. Kim ... -..Thaddeus Unga, M.D. ATATVARG EIVOTSIY oot et see v s e s Ophthalmology
I)(\vlupmvm nl a nn\ol ELISA to quantitatively measure RB prolom evaluation of its nselulness as i tool in the diagnosis of hereditary retinoblastama )

Richard YU-Tsang Lan oo N. Scott Adzick. M.D........ University of Californin-San Francisro Surgery
Fetal waund healing (Narvard Medical Sehool Y

Michael L LOvIC.. e et Liovd Mayer, Mo Mount Sinai Schaol of Medicine................ Medicine
Monoeytie fiunction during chronie HIN-1 infection

Mitra Mafid Tnseph I, Vacanti, M.D., and Dauglas W. Wilmore, MDD, o HARARE UDVeDSIY oo sesseeeens e Surgery
Tissue engincering and neocartilage: an analysis

Andrea C. Monroe Toanne Kurizherg, M. o e e DIUKC UNHVETSIY oo e sesesesses s eecs vnsrase et anesas sbesssssssses s s soiss et s s sssssensnes Pathology
'athagenesis of interleukin-2 modulation of expression of human stem cell leikemia in SCID mice

Nieklas B.E. Oldenbur, John A, C dlawski. Ph.D, University uf North Carolina al Chapel Hili Physiology and Biochemistry
Mechanisms of res nee 1o gluescorticoid- regulated apaptosis

Amy 1. Opperman David L. Epstein, M) Duke Univepsity Ophthaimology
[ ethacrynic acid chan 1e shape of endothelial cells and inereases the outflaw facility in the glaucomatous eye

Mare Sabatine........... Thigh Auehineloss, e, M s Harvard University Snigery
Mechanisits of rejection of skip grafts from raice facking MEC antigens

Ath ia Syrengelas Itanald Levy, M.D. Stauford University Mudicine

natinn
..... Salvatore V. Pizzo, M., Ph.D. Bake University Patholugy
and fibrinelysis

Cell-mediated immunity in idiotype vic
Annemaric Thomy
Rheumatoid arthriti

Cole Taggart Thomson... Stanley G. Nathenson, M. . and James C. Sacchetting, PR Abert Binstein College of Medicing ., ~...Immunology and Bioehemistry
Struetural studies af ¢ 1 \Ill( and T cell recentors
Jennifer Tseng ... ...Robert N. Taytor, M.1., Phl). University of California~San Franeisen ... e coveveeenn. Obstetrics and Gynecology

tokine in endometriesis
Andrew Acwid, M. RO Ilanvard University,
o identify a parathyroid oncogene ’ (Yale University School of Medicine)*

Estrogen regilalion of a novel
Han-tHsing Trene Wu .
Chramosome breg

Bndaoerine Uait and Oncology

protnl ang

Geneties and Molecular Biology

Steven B. Bleyl Mark Leppert, Ph.D. _and Kennoth Ward, M. s URIVETSIY QF ULAR ettt v v Grenetics angd Obstetries
Farnilial total anomalous pulmenary vepous retaren: linkage analysis and gene iapping )
David J. Nlarnick ........ Andrew Marks, M1 Mount Sinai School of Medicine Molecular Biology

Molecular characte
Carolyn Yung llo
Genetie linkage an:

inft of &t uman T evll caleium channel
(ary Gilliland, M.D., 'h.D. .. Harvard University Medicine
of a familial platelet disurder with prapensity te dovelop acute myelogenais lenkemiz

Eric Chrislian Johannse Niatt Kieff, M.py., Phb. Harvard University Microhiolog
Struetural and frnetional is of 4 key transforming gene of Epstein-Barr virus

Angelia Margaret Keen... .Albert 3. Banes, Ph.D. University of Narth Carolina at Chapel I1ill ... Sungery
The effect of eyelic on ox]un-\smn of matrix protein in osteoblasts

Erin Elizabeth Kershaw ..o ceeeeevs Rudnlph ). Leibel, M. Rockefeller University Human Behavior
Motecular geretic basis for type [1 diabetes susceptihility in obese radents {Cornell University Medical Callege)*

Rhett P. Ketterling... Steve S, Somnier, MDD, Ph.D, Mayo Medical Schoo) Biochemisiry
The dopamine IH rec oplnr( IR) as a candidate gene for schizaphrenia

Kevin Korenblat Mison M. GOALE, 1Y PRI o et e MWashington University. Psyehiatry
asitional eloning of candidate genes on chromosome 14 linked (o Alzheimer’s disease

Kin-Man Lai.. N Freneh Anderson, MLD e e s University of Southern California..... .. Biochemistry
Site-spoec ope protein gprQ) (I niversity of Califoruia, Irvine, College of Medicine)®

Robert Skyler MeCurley ... .Brent Westan, ML . Fniversity of North Caraling at Chapel 11ill Pedixtrics
Determination af the pl al nmp Wl e (1:)-fue n\\llransrvr.l.\(- loei

Kristen Melnyk SCPN S, AR ler, Mo s ssses seras aleling Hopkins University Medicine
Rale of mRNA stability in myo-inusitel and hetaine ttansporter expression
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Follow Resvarch Mentor

Fellowship Institutiun

Cli Y. Ngguyen ...
The rale of V
Kevin E. P

...... Themas S. Kupper, M.D
l-niedimed collagen gel contraction
Samuel E. George, MLD.

Harvard University

. Medicine

Depariment

transduction and vaseular smooth musele migrition
WThomas E. Carey. PILD..

latracellular
Jefrey R. Rava

Duke U'niversily

Loss af heteroz 3
Franeo Maria Recchia.........

Molecular action of T cell
Anne R. Rubitison . ......

In squamous caneer

fic RNA-binding proteins intrinsic to ey T eell development
M. Sue O Dorisio, M. PlD.

Jaek D, Keene, PhuD. and Barton £, Hasnies, MLD. e

Medicine and Pharmacolugy

["niversity of Michigan-Ann Arbor.......

Duke University

Otdlanngoelogy

Microbiology and Medicine

Ohue Stare University Main Ciunpus

al erest differentiation
Hamilion O. Smitl, M.D)...

Neuroblastoma: a defeet inney
Soonbok Grace Wou..

Pediatries

lohns Hopkins University..............

DXNA regulatory sites for comjietence induction in Haemophilus influcuzae
Neuroscience and Physiology

Rose Baghdady Colin G. Nichols, Ph.

Molecular Biology

(University of Maryland Schoob of Medieine)*

R(';,uldlmn af the
Daniel Garth Barbee
Patmitostation of p35 )
Phillip C. Berrehill

Eric Shooter. Ph.D., and Philip Barker. PhoD.................

LHarvey S Levin, D

3Frecepron biochemica!] characterization and functional consequences

Waslington University

ATP sensitive K™ channel inhypertrophied myocardium—implications for archsthmogenesis

Stanford Unisersity .

Coll Biology and Physiology

....... Neurobinlogy:

(Duke University Sehaol of Medicine)
Vpiversity of Maryland at Baltimore........

Profrontal effects
Amas (. Dare.

ad injury in children: an MR1 aualysis
Martthew During, M.D.

........ Newrosurgery

(Uni
Yale University

sity of Texas Medical School a1 Galvesien) ™

..... Neurosurgery and Medicine

Adenosine ated nitrie oxide is porential mediators of the changes in hlood fow associated with seizures in the rat

Mich

Lyt Garnelt ...

WWillizm Semple, PhuD.. and Peter Gover, MDD

...... Case Wostern Reserve University

Psyeliatry

State University of New York at Boffalo........

Aly inXewopus lectum?
Rose-Mary Boustany. M.1).

Jhysiology

Duke Universiny

The role of subunit (thase in Batten®s diseise
Junhee Lee Bruwee R, Ransom, M.D.. Phb
Extracellular pHand epileptiform activity in rat hippocampal sli

Pediatrices

Yaje University

Neurology and Psyehiatn

Lueille Lee Cheryl Dreyfus, Ph.D.
The eflect of neurotraphic factors on oligodendroevie diffe  mtiation and function
Jeffrey Leanard...........
The effects of luid-perew
Griffuh E. Lian,

fon on axenal transpart in the septad hippacampal pathway
. Thomas A Woolsey, M.,

AL Sean Grady, M. and Lesnick B Westrum, M. PR, ..

Robert Waod Johnson Medi
University, of Washinglon

Washington University

Stinwlus-cvoked changes in Iu( cerebral blood flow
T. Christian Ho MiXuoes voeeeenisenen .Fredric 8. Fay. Ph.D.

University of Medicine and Dentistny of New Jersev—

Neuroseienee

Neurological Surgery and Surgen

remwval in smooth mnscle
,,,,,, o Larmy L Benowitz, PR

Cellular and molecular mechanisms of feedback control of Ca®*
Jasan M. Selwall

Harvard University

Tyrosine ki
David Keith Selig .....
The role of G prute

neans of purifying a neurotrophic Gietor fram the goldfishoptic nenve

n the induction of long-term potent.ation

.................. Rabert CoMalenka, MDD PILD. s e eervenensee

L aiversity of Massachnsents it Woreester. v,

Neurosurgery
Physiology and Pharnuicology

Newrosurge e

(Yale University School of Medicine):
..... University of Califurnia-Sim Franciseo -

(Hohns Ilupklml niversity Schoul of Medicine)”
Johns Topkins University

Diavidd Griffith So0ergel. v seee e, Solomust [f. Snyder. M. .......
Characterization of the pramoterfenhanicer region of neuronal nitrie oxide ssnthase

Brian L. Stauffer......
Cardine myaete (
Howard L. West .

regulation in hypertension
- radles T. Hyman, ML PRD.

......................... Russell L. Maore, PID. and Joseph Y. Cheung, M.D. PhaD. ...

selsiatn and Phvsiolog

Newroscienee

{Cornefl University Medical € n“\'L(
Pennsvivania State University

Madicine

1larvard 1 niversity

Characterization of nitrie oxide

A medical schonl qfitialion other than e folloveship nstitation Is indieated 1w porentheses.

Continued Awards—Second Year of Research

Peter Man Barton Jeflres 8. Warren. M.D.

Nelrulog

thase-containing neuraps: distribution and functionat variahility deross brain regions in \Iu- ral

University of Michigan-Ann Zrhor

Pathology

Complerient component €5 modulates the systemie tumor neerosis factor respanse in nmrine endotaxie shock

Continued Awards—Return to Medical Studies

Susan A Rardwell e Rush University

Anae-Marie B. Brillame Mount Simati Selwool of Medicine
Jeffrey Critehficld University of California-San Francisco
Tejal K. Ganehi . Harvard University

Yoliauta b Garce niversity of $linais at Chicago
Toffrey A Guy .. arvard University

Mndrew C.Iechi . Harvard University

Fred llsich Brinvn University

Malcolnt John Harvard University

Daniel Kraft... anford University

Vietoria A. Mancuso Lniversity of Califernia-San Franciseo
Kreton Mavromati: University of Michigan -Ann Arlior
Barbra Jil MeFarland oo, Duke University

Jennifer Reikes Willert .

Margaret E. MeLaughlin e University of Pennsylhvania
JWashington U niversity
Juke University

Tanand Unive
Yhio State Universits Mang Canpus
arvard | niversity

LUnivewsity of California=San Franciseo
University of Michigan—Snn Arhor
L'niversity of California=San Franciseo
“niversity of Michigan -Ann Arlior
Stanlord University

stanfard University

Ryland E. Melford 111.
Grarge B. avne......
Melanie Ann Rvan...
Bernadette Y. Smitd
Staey L. Smitl
Stephanie B. Tes
Amy Beth Warren

Lester Keoki Williams ...
Julie A Wissink...
Barbara Zylbert...

sty

Graduate Science Education

17




i8

on the basis of their demonstrated
ability during the research year,
their promise for future achieve-
ment in biomedical research, and
their career intentions, including
any plans for additional research
training alter completion of medical
school. One fellow was awarded
support for a second year of
research, and 25 fellows and
research scholars were selected for
up to two years of fellowship sup-
port while completing medical
school. These new awards bring to
41 the number of continued fellows
currently supported in their studies
toward medical degrees.

Assessment

As part of the coordinated series of
grants program assessment activi-
ties, the Institute is continuing the
long-term tracking of the education
and careers of the medical student
fellows and research scholars. Of
special interest will be the students’
continued involvement in research
and pursuit of further training,
either toward the Ph.D. degree or
in postdoctoral positions. By the
end of the initial fellowship year, at
least two of the 1992 fellows report-
ed plans to pursue a Ph.D. degree
in addition to the M.D. degree, as a
result of the fellowship experience.
Others intend to pursue postdoctor-
al research training after complet-
ing medicai school and postgradu-
ate clinical train -g.

The Institute is interested not
only in the career paths of its fel-
lows. but also in the size, composi-
tion, and activities of the national

pool of physician-scientists. Pursuit
of buth these int. rests is described
in the Program Assessment section
of this report.

Postdoctoral Research
Fellowships for Physicians

The pace of fundamental discover-
ies emerging from biomedical
research has been remarkable in
recent years, yielding significant
new understanding of basic biologi-
cal processes and disease mecha-
nisms. To reap the full benefit of
this knowledge, now and in the
future, it is vital that physicians
remain involved in fundamental
research (Figure 15).

The HHMI program of Postdoc-
toral Research Fellowships for
Physicians is designed to help
increase the supply of well-trained
physician-scientists. The awards,
first made in 1990, are intended for
physician-scientists who are seck-
ing additional rescarch training
with a view to becoming indepen-
dent investigators.

The research fellowships comple-
ment the 2,600 postdoctoral appoint-
ments for M.D.'s made possible
through NIH programs (Figure 16).
The HHMI fellowship program
should help increase the supply of
well-trained physician-scientists
highly competitive for NIH career
development awards, research proj-
ect grants, and similar private and
public sector support.

A physician who has completed
at least (wo years of postgraduate
clinical training and less than two

4 - Grants for Science Education, 1994
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Figure 15
|
NIH Research Projects, 1983-1992

Competing Applications

Number of applications

'

1983 1984 1985 1086 1987 1988 1989 1990 1991 1992

Competing Awards
Number of awards

8,000

6,000

400

1983 1984 1985 1986 1087 1983 1989 1900 1991 1992

B M.D.and M.D/Ph.D. N Total

Note: Research Projects include Research Project Awards (RQ! ), New Investigalor Research Awards, FIRST
Awards, Outstanding Investigator Grants, MERIT Awards, Sinall Business Innovation Resgarch Grants,
Research Progrant Project Awards (PO!), Hazardous Substance Basic Research Grants, U <.~Japan Coopéralive
Medical Science Program Awards, and Research Projects Covperation Agreements.

Source: National Institutes of Heatth, Division of Research Grants Annlysis by Carol Bleakley 1993,
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Figure 16
]

NIH-Supported Advanced Research Training Awards,
1983-1992

Postdoctoral Appointments
Number of appointments

4,000 .

1983 1984 1985 198 1987 1988 1989 1990 1991 1992

Career Development Awards

Number of individual awards

1,200
1,000
800
600 _.

400,

200 | I _

1883 1084 1985 1986 1887 1988 1989 1830 1881 1892
M MD.and MD/PhD. @ PhD.

=]

ANote: About 15 perceni of the postdoctoral appointments for M.D. s and 40 percent of those for Ph.D.s are through
individual awards. The remaining appointments are made through institutional awards.

Source: National Institules of lealth, NIH ' 1 Book 1993, Bethesde, Maryland: Nuationa! Institules of Health.
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years of postdoctoral training in
fundarnental research is eligible to
apply for the fellowship, which pro-
vides support for three years of
full-time research training in a labo-
ratory of the applicant’s choice. Sup-
port is provided for fundamental
research directed toward an under-
standing of hasic biological process-
es and disease mechanisms. espe-
cially in the areas of the Institute’s
research program. Awards are
made to applicants who have
demonstrated superior scholarship
and show the greatest promise for
achievement in biomedical re-
search. Those who elect to work in
HHMI laboratories are appointed as
HHMI associates.

Physician postdoctoral fellow-
ship applications are evaluated by a
panel of distinguished biomedical
scientists from universities and
medical centers throughout the
United States. In 1993 more than
200 applications were considered.
On the basis of the panel’s review,
the Institute named 25 physician
postdoctoral fellows and 6 HHMI
associates to receive their research
training under the guidance of men-
tors at 13 universities, research
institutes, and hospitals (Figures 17
and 18).

The Institute plans to award
about 25 three-year fellowships
annually. based on an international
competition. Awards will be made
on the basis of the applicants’ ability
and promise and the quality of
research training to be obtained
through this program. At present,
there are 85 physician ‘postdoctoral
fellows at 39 institutions who are

Graduate Seience Education
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Figure 17

-]
Postdoctoral Research Fellowships for
Physicians, Program and Award Highlights

Feliowship Terms
m25 awards annually

m 3 vears of support

m $62 000-$77,000 annually
$35,000--$55,000 stipend
$15,000 research
allowance

$12,000 institutional
allowance

Eligibility

mM.D., M.D./Ph.D, D.O.,
M.B.B.S,, or equivalent
degree

m Full-time fundamental
research (basic biological
processes and disease
mechanisms)

m Any academic or nonprofit
research institution

m No enrollment in a gradu-
ate degree program

m No faculty appointment.

m At the start of the fellowship
at east 2 years of post-
graduate clinical training
no more than 2 years of
postdoctoral research
training
no more than [0 years
since first medical degree

1993 Awards

mTotal number; 31
6 women and 25 men

23 U.S. citizens and
8 foreign citizens

8M.D.'s and 23
M.D./Ph.D.’s

1 minority underrepre-
sented in the sciences

m Fellowship institutions: 13

All Current Physician
Postdoctoral Fellows*

mTotal number: 85
22 women and 63 men

69 U.S. citizens and
16 foreign citizens

36 M.D.'sand
49 M.D./Ph.D.'s

4 minorities underrepre-
sented in the sciences

m Fellowship institutions: 39

m Distribution by field

26 cell biology and
regulation

22 genetics
© 20 immunology

14 neuroscience and
physiology

3 structural biology

*Awardees who select mentors at HIHMI laboralories are appointed as
HHMI associates. Of the 31 new awardees, 6 arc HIEMI associates and 25
are fellows. No meardees appointed as assoclates are included in the fol-

lowing dala.
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Postdoctoral Research Fellowships for Physicians, Educational Origins of 1993 Awardees

Medical Schools

Baylor College of Medicine
Goteborg University (Sweden)
Harvard University, 5

Javeriana University Medical
School (Colombia)

Johns Hopkins University
McGill University (Canada)

Medical University of South
Carolina

Stanford University

Strasbourg University of
Medicine (France)

Tufts University

University College London
(United Kingdom)

University of Bonn (Germany)
University of California—

Los Angeles

University of € alifornia—
San Diego, 2

University of California—
San Francisco

University of Melbourne
(Australia)

University of Michigan—
Ann Arbor

University of North Carolina at
Chapel Hill

University of Oxford
{(United Kingdom)

University of Rochester
University of Washington
Vanderbilt University
Washington University, 2
Yale University, 2

Graduate Schools (for
M.D/Ph.D.’s)

Baylor College of Medicine
East Carolina University
Goteberg University (Sweden)
Harvard University, 4

Johns Hopkins University

Medical University of South
Carolina

Stanford University

Strasbourg University of Science
(France)

Tufts University
University of Basel (Switzerland)

University of California—
San Diego, 2

University of Cambridge
(United Kingdom) 2
University of Melbourne
(Australia) -

University of Washington
Vanderbilt University

Washington University, 2

Yale University

Undergraduate
Institutions

Albany College of Pharmacy of
Union University

Brandeis University

Brogardsskolan Gymnasium
(Sweden)

Colegio Nueva Granada
(Colombia)

College of Charleston
Davidson College
Emory University
Harvard University, 6
Haverford College
Lafayette College

Massachusetts Institute of
Technology, 2
Princeton University

State University of New York at
Potsdam .

Strasbourg University of Science
(France)

University of California—
San Diego

University of Cambridge
(United Kingdom) 2
University of Melbourne
(Australia)

University of Michigan—
Ann Arbor

University of Wisconsin—
Madison, 2

Washington University
Yale University, 2

High Schools
California

Fairfax, Los Angeles
Nicolet, Glendale
University, Los Angeles
Connecticut
Stamford, Stamford
Georgia

Briarcliff, Atlanta

Massachusetts
Belmont, Belmont

Brockton, Brockton
Phillips Academy, Andover
Michigan

West Bloomfield,

West Bloomfield

Missouri
Wentzville R-4, Wentzville

New Jersey
Ridgewood, Ridgewood

Summit, Summit

New York
Cardozo, New York City

Cieero, Cicero

George W. Hewlett, Hewlett
Locust Valley, Locust Valley
Mechanicville, Mechanicville

19

Ohio

Wyoming, Wyoming
Oregon

Wilson, Portland
Pennsylvania

Mount Lebanon, Mount Lebanon
South Carolina

Spring Valley, Columbia
Texas

Westchester, Houston
Wisconsin

Ondossagon, Ashland
Outside the United States

Australia, Luther College,
Melbourne

Belgium, Verviers, Verviers
Colombia, Nueva Granada,
Bogota

France, Kleber College,
Strashourg

Germany,
Geschwister-School-Gymnasium,
Daun

Sweden, Brogardsskolan
Gymnasium, Kristinehamn
United Kingdom, St. Joseph's
College, Bradford

United Kingdom, Orange Hill,
London
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Figure 19

P - |
Postdoctoral Research Fellowships for Physicians,
All Current Fellowship Institutions

Albert Einstein College of
Medicine

Brigham and Women's Hospitai
Case Western Rescrve University
Children’s Hospital, Boston
Childrens Hospital Los Angeles
Dana-Farber Cancer Institute
Dartmouth College

Duke University Medical Center
Fred Hutchinson Cancer Research Center
Harvard Medical School

Harvard University

J. David Gladstone Institutes

Johns Hopkins Universit Schoel of
Medicine

Julius Maximilians University (Germany)
Massachusetts General Hospital

Max Planck Institute for
Experimental Medicine (Germany)

National Institutes of Health

National Jewish Center for Immunology
and Respiratory Medicine

New York University Medical Center

Northern California Institute for
Research and Education

Northwestern University

being supported through the grants
program, at an annual cost of about
$6 million (Figure 19).

Thirteen of the physician post-
doctoral fellows in the second or
third year of their fellowship term
participated in the 1993 Meeting of
Predoctoral and PPhysician Postdoc-
toral Fellows (see FFigure 7), held at
the Institute headquarters in Chevy
Chasc. These physician-scientists
presented the results of their fellow-
ship research and discussed their
work with predoctoral fellows, Insti-
tute staff, and invited guests. Addi-

Graduate Science Education

Rockefeller University

Salk Institute ", - Biological Studies
Scripps Reseaych Institute

Stanford University School of Medicine
State University of New York at Buffalo

State University of New York at Stony
Brook

University of California~-
San Francisco
University of Chicago

University of Colorado Health Sciences
Center

University of Houston

University of Massachusetts Medical
Center

University of North Carolina at Chapel
Hill

University of Pennsylvania

University of Washington

Vanderbilt University School of Medicine
Washington University

Whitehead Institute tor Biomedical
Research

Yale University School of Medicine

tional fellowship accomplishments
were reported to the Institute in the
fellows' annual progress reports. In
the past year the fellows attended
63 regional, national, and interna-
tional scientific meetings, present-
ing 29 posters and 23 talks. They
published 46 journal articles, 6
chapters of books, and 47 abstracts.

Among its program assessment
activities, HHMI will continue to
monitor the national participation of
M.D.'s and M.D./Ph.D.'s in
research and to track the carcers of
former Institute physician postdoc-

a4
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Postdoctoral Research Fellowships for Physicians, 1993 Awardees

Name Research Mentor Fellowship Instinution Departmen

Cell Biology and Regulation

dack Leonard Arbiser, M.B. PRD.......... .M ludah Folknian, M., .. e CHAPEN'S HSPIEAT=BOSUME ettt et e e e eeeeresans e enes sene e Surgery
Regulation of hasic fibrohlasi ;,u-\nll factor expression and see I’('ll(lll i et 3

Stephien Charles Blacklow, SLI., PhD. L Peter S, Rim, PhaD.. Whitehead lustituie for Biomedieal Researeh”
Thernmodsnamies and kineties of bZip dimerization

David 1. Chang, M.D., Ph.b. Tty A, SPENEer, PILIY . v JiN&-FATDOE Caneer [nstitire I'athology
Regulation of cell adhesion

Philp Arthur Cole, ML PhoD... LChistophoer T, Walsh, Ph.D. Harvand Medical Schoal Biolagieal Chemistry and

Canalstic nu-<ImnNnufl\nlpllnul u-II kln L0 Mule
Dennis F. Kueik, SDL PRD. ie 3. Brown, M.} Washington 'iversity Schwolb of Medicine
Interactions hetween ||lll'],,l’lll keletan in cells of the imnune sy
Dedee Franees Murrell M. anela Cawin, Phu
Desmuglein diversity in cell adhesion and premphigus foli
Merav Socolovsky, \LD.... v HVEY FL Luish, PhuD........ Whitehead Institute for Bivinedieal Research
Mulecular analysis ufllu- (\1up| wiic domain of the nwrine enthropoietin receptor

tar Pharmacology
Internal Medicine

New York University Medical Ceuter ... Dermatology

Genetics

Gorald Frank Cox. M. PV e Louis ML Kunkel, PIUD.... CRIRITeNS TOSPITU=BOSTIIT wcoiieeeee e eeeeessaeseeen csesssssssescsssssresessssssssssesseses seeeed Geneties
Characterization of DR, anew menthier of 2 novel eliss of proteins with homiolugies to the triple-repeat miotif of dystrophin

Scott Charles Kegan, M.D. ... lichaet Bishop, LD .. University of California=San Franeise
A transgenic nuse madel of pramyeloeytic leukemia

Reinhold lugo Kreutz, MD...... Klaus Lindpaintner, oD and e vssnsnnn Children’s Hospital-Buston Canlivlugy

Bernardo Nadal-Ginanl. M., PhuD.

Mulecular geneties of primany hyperte nsion in the ral

Nils-Goran Larsson, SLD PUD.. LDavid A Clagton, Phu.
Tl effeet of regulating the TFA G

Jeffres Ely Rubnitz. MDD PhD. ...
Monse madels of t( 1114} foukemi;

Michael Juseph Thirman, M.1).
Developmental ane genetie

A

M. Hoaper Research Funndarion

Stanford niversity Sehool of Medicing ... .o Develupriental Biology

Stauford University Scliool of Medicine Pathology

anet D Rowley, SLD. and M. Celeste Smwn, PhaY. s Unisersits of Chicago... Ledicine and Molecular Genetics and
is ol The murine homologue of MLL inhienuopoiesis Cell Biology

Immunology and Microbiology

Chan R. Beals, MDD PRD. e Din R Littmann, MUDL PR i University of California=San Franeisco” e Micrahiology and Linmunology
Effeets of the 1IV-1 ne? proteinonhe inieraction of €04 and gpltia

Fernandv Dangond, M.D.......... Dhavid I Hafler, M.D. .
Role of the p210 |)I'(lll'||l in HTLV 1o induced T cell pralify i

Lanra Marsha Dember, M.D. .. Paul . Anderson, AL 'hD.
Funetional analsis of nucleol R

Sa Fzenvue wang, LSteven Rosen, P . -

Cloning and characterization of dernal endsthielind ligand for Leselec un

Grata Johin Liesehke, M.B.B.S..
B.Med.Se, FRACP e Richaand CoMutligan, PRUD. . ...
| e of genetically modificd tumar cells o angment antitouor immwnity

Stesen Bnant Porter, SLD., IPha). fn K Sclwolnik, M.D Stanford University School of Medieine” e Infections Discases and
The invasin gene of Myeohaeterinm tuberentosis and its role iw maerophagte entny Geugraphic Medicine

Willian M. Rickgway. M. "~ Garrison Futlunan, M.D. Sianford University School of Melicine Medicine
Exploring meehanisims of t w ol aateimunune vaceplatlomyelitis

Mare Elliot Rothenberg, MLD.L PRD. ... Philip Leder, ML ... Narard Medieal Schonl
The mile of cosinopliils in tumeor kitling

Brigham and Women's Hospital Neurologic Diseases

dana-Farber Cancer Institute

Tumor hunimelogy

L Lnivensity of Califoria=San Franciseo Amtony

Whitehead Institute for Biomedical Research

................. Geneties

Erie Juseph Rubin, M.D. Fha.. ol E Mekalanns, P e v Massachusetis General Hospiral ... ..o vovsseeeee Microhiology and Molecular Genetics
Virulenee determinaids in myenbacte ria

Barpy Paul Sleckman, M.D., PR, ... Frederich A, PR, L Children's Hospital-RBosien~ ..., Geteties
Regnlation of TCR and 1g gene V1o DU rearrugzement

Naomi Taylor, M. PILD.... Bartholomew MSetint, PRD. Sl Institate for Biological Studies
Transformation of T col xpression of thw {ck oncogene

Neuroscience and Physiology

Phyllis Lynn Faust, M. P Many B Haten, P, cer e rmeernnemeeenens s ROCKRCTOlOT U niversity
Defeets ingraale cell nearogenesis i human nu-(lullohl.ulunm l‘urm.lllnn

LawrenedE Hayward, MDD RoberCHL Browno Je SEVCDPRIL . e e Matssachuset (s General Hospital., e breeeeseesese e s eae b b Neurology
K -induced impairment of Nat* «Il.uuu-l inactivation in v odic [l.x..ll\\l\

Eniily Eun-rue King, M.D...... Rrian Seed. Phu Massachusetis General Hospital ... Molecular Biology
Cluning a sweelness receptor

Svlvain Lelasanin, MY, PhD e v X Haieris, ML P s e Washington University Selwol of Medicine . o 2 Cell Biolog and Plwsiology
I'rocessiug of mornil and mmtant mamalzn prion proteins and their role in eell adhesion

Jdames A Mastrianni, M. PRD. WStankes B Prusiner, M.D . ceeoeeen UV CEIY OF CATOPIA=SAN FRANCISCO . covrev e s e Neurplogy
Molecular characterization ufllll' |)hvnnl\|)1< presentations of prion (|I\('.L\('

David Heary Rowiteh, SLD, P, e Andrew P eMahon, PR Chilldre s Hospital=-Boston .. e Leular and Developmental Biology
Regulation of Wat- 1 gene expression inmouse heain develspment

Structural Biology .

Richard 11 Peters, MD.PUD.. L Michiael X Weiss, ML PRD L JESS— | 11y 111 B TS TE RS IO Biological Chientistry and

Struerural NMR shudies n[ Irnse rl|n|o|\ factor I1S Molecular Pliarmacolugy

*Howard Hughes Medical astitutr
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toral fellows, including their faculty
appointments and receipt of
research grants. (See Program
Assessment.)

]
Research Resources

The Research Resources program
provides support to research and
educational organizations serving
as unique nauonal resource labora-
tories and teaching facilities. Includ-
ed are organizations that provide
biological stocks and materials for
the biomedical research community.
One rew grant was awarded in
1993, and three grants from prior
years continue to support research
resources activities:”
& Jackson Laboratory
Bar Harbor, Maine
m Cold Spring Harbor Laboratory
Cold Spring Harbor, New York
m Marine Biological “aboratory
Woods Hole, Massachusetts
m Human Genome Organisation
Bethesda, Maryland

Jackson Laboratory

A three-year grant in the amount of
$1.2 million was awarded to the
Jackson Laboratory in 1993 for sup-
port of its Induced Mutant
Resource. This service imports, pre-
serves, maintains, and distributes
mice that have been altered geneti-
cally. The grant provides funds for
equipment, personnel, supplies, and
other operating costs for collecting
genetically altered mice of impor-
tance to biomedical research, espe-
cially those produced by gene tar-
geting or gene transfer techniques

Graduate Science Education

(Figure 20). The mice are produced
in research laboratories worldwide,
and the Jackson Laboratory devel-
ops and preserves them for distribu-
tion at modest cost to the interna-
tional research community.

The Lahoratory is the premier
world resource for special strains of
inbred mice with genetic defects
and for mice of established genetic
background that have been
endowed with specific mutations.
Such mice are uniquely valuable as
models for human disease and the
study of fundamental biological
processes. The lLaboratory is
renowned for providing stocks of
known genetic background and free
from extraneous diseases and infec-
tions.

Through HHMI's support of the
Laboratory’s central resource, the
initial developer of a mutant strain
will be relieved of the time-
consuming and costly task of mak-
ing it available to other researchers.
The central resource will also make
special lines of mice widely avail-
able so that investigators with simi-
lar research interests need not

Figure 20
. ]

Jackson Laboratory,
Induced Mutant Resource
Mutant Mouse Resource Services
Strains

W Models for human genetic m [mportation
diseases or basic biclogical
processes H Preservation

m Produced by gene target- M Maintenance

ing, gene transfer, or chem-

ical mutagenesis B Distribution




Figure 21

Cold Spring Harbor Laboratory,

develop mutants independently. In
addition, the central resource will
preserve especially valuable mutant
strains, through frozen embryos or
other means, -

Cold Spring Harbor Laboratory

A four-ycar grant in the amount of
S1 million was awarded to the Cold
Spring Harbor Laboratory in 1991
for support of its expanded program
of postgraduate courses. The post-
graduate program has been one of
enduring quality and scope, known
worldwide. This award continues

Courses Supported by the Howard Hughes
Medical Institute

Summer 1992

aAdvanced Drosophila Genetics

mmaging Structure and Functfon in the Nervous System

#Molecular Approaches to [on Channel Function and Expression

#Molecular Cloning of Neural Genes

Fall 1992

®Macromolecular Crystallography

uMplecular Genetics, Cell Biclogy and Cell Cycle of Fission Yeast

' Summer 1993

u Developmental Neurobiology

mHuman Functional Neuroimaging

®maging Structure and Function in the Nervous System

wMolecular Approaches to lon Channel Eicpression and Function

mStructure, Function and Development of the Visual System

26
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support provided in an earlier grant
s0 that courses could be added in
molecular genetics, neurobiology,
and structural biology, thus extend-
ing the summer program and
adding two weck courses in the
spring and fall. The new grant pro-
vides funds for equipment and sup-
plies, instructors and guest lectur-
ers. scholarships for students, and
support personnel.

The Laboratory is a world center
for biological research and training,
especially in the genetics of
humans, plants, and bacteria. It
serves as an international school-
house for modern biology, annually
hosting major conferences, semi-
nars, workshops, and courses. Par-
ticipants include precollege stu-
dents and teachers, undergradu-
ates, graduate students, postdoctor-
al fellows, and established scientists
al major universities and research
centers.

The new Hughes Teaching Labo-
ratorics, an integral part of the
neuroscience teaching and research
facility, was constiructed with Insti-
tute support. In the summer of
1991, the facility was first used for
three courses: Molecular Embryolo-
gy of the Mouse, Advanced Molecu-
lar Cloning, and Molecular Cloning
of Neural Genes. Two courses were
added the foliowing yeat: Molecular
Approaches to Ion Channel Expres-
cion and Function, and Imaging
Structure and Function in the Ner-
vous System.

The six Institute-supported
courses for 1992 (Figure 21) accept-
ed 95 participants from 235 appli-
cants. The participants, including 42

- 3 Grants for Science Education, 1994
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who were awarded partial scholar-
ships, came from the United States
and abroad—Australia, Canada,
Denmark, Finland, France, Ger-
many, India, Israel. Norway, Spain,
Sweden, and the United Kingdom.

Marine Biological Laboratory

A grant of $4 million awarded to the
Marine Biological Laboratory in
1988 will continue supporting edu-
cation and training programs for a
total of seven years. The Laboratory
has served as a center for research
and teaching in basic biology since
1888. Each summer, investigators
and advanced students come to
work and study, using marine
organisms from the surrounding
waters. Educational and research
programs are closely inlertwined.
The Marine Biological Laboratory/
Woods Hole Oceanographic Insti-
tute (MBL/WHOL) Library, which
supports the education and
rescarch programs with 24-hour
access, is one of the world's most
comprehensive repositories of bio-
medical and marine biological infor-
mation.

The grant provides $3 million for
courses in embryology. microbiol-
ogy. neuroscience, and physiology.
In the summer of 1992, it helped to
support seven courses (Figure 22).
The 203 participants were selected
from almost 450 applicants, includ-
ing graduate students, postdoctoral
fellows, and faculty members of uni-
versities and research institutions in
the United States and abroad—Aus-
tralia, Bulgaria, Canada, Denmark,
France, Germany, Israel, ltaly,

Graduate Science Education 5 ,1

Figure 22

Marine Biological Laboratory,
Courses Supported by the Howard Hughes
Medical Institute

wEBmbryology: Cell Differentiation and Gene Expression in Early
Development -

mMethods in Computational Neuresciernce

m Microbial Diversity

®Molecular Evolution

® Neural Systems and Behavior

mNeurobiology

m Physiology: Cell and Molecular Biology

Kenya, Japan, Mexico, . =public of
the Congo, Russia, Switzerland,
United Kingdom. and Yugoslavia.
The grant also provides $1 mil-
lion to support program develop-
ment at the MBL/WHOI Library.
Emphasis has beer. on electronic
information storage. retrieval, and
management to support scientific
research and education. Grant:sup-
ported activities have included
establishing a linked network
among the research facilities of the
Marine Biological Laboratory and
Woods Hole Oceanographic Insti-
tute and their classroom and labora-
tory teaching facilities; purchasing
computer hardware and seftware
applications, including those used
for nucleic acid and protein
sequence analyses: and establishing
a formal consulting, problem-solv-

ing, and education program.

o
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Figure % Further, HUGO is an internation-

igure 23

S Y 2| clearinghousc for information on
Human Genome Organisation, the DNA base sequences and the
Americas Office Activities genetic and physical mapping of

human chromosomes. It promotes
B Chromosome Workshops

Chromosomes 2, 3, 4,6, 7,
8,9,11,12, 13, 14, 17,
18,20, 21, 22, and X.

collakoration among scientists in
the exchange of data, samples, and
technology relevant to genome

= Intellectual Property and Ethics Issues Meetings research, and fosters studies of
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Human Genome Organisation

In 1990 the Human Genome Organ-
isation (HUGO) received a four-
year award of $1 million for the pro-
gram and operations of its Americas
Office and related international
activities. These operations include
meetings of the HUGO Council,
committee workshops, and a scien-
tist exchange program. HUGO
serves as a coordinating body for
the international human genome
project.

model organisms (such as the
mouse) to parallel those on the
human genome. HUGO plans to
establish international training pro-
grams on methodology and to
encourage public debate on the eth-
icai, legal, and other societal
impacts of the human genome proj-
ect.

In the past year the HUGO
Americas Office participated in
workshops on 17 chromosomes
(Figure 23) and in meetings related
to issues of in . 'ectual property and
ethics.

-~ Grants for Science Education, 1994
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In 1993 the lustitute continued its
support of programs at colleges and
universities to enhance undergradu-
ate science teaching and learning.
Through its Undergraduate Biologi-
cal Sciences Education Program,
the Institute provides grants to
strengthen undergraduate educa-
tion in the biological sciences and in
chemistry, physics, and mathemat-
ics as they relate to biology. A prin-
cipal objective of the program is to
assist institutions in their efforts to
provide students with exciting
opportunities in the sciences, there-
by stimulating an interest in
research and, possibly, in science
and teaching careers.

One of the areas supported
under the program is student
research, in which undergraduates,
including women and members of
minority groups underrepresented
in the sciences, may experience sci-
ence first-hand during the summer
or academic year in laboratories on
or off campus.

Major support is also awarded
for eqripment and laboratory devel-
opment, which enables institutions
to modernize laboratories, expand
areas of instruction in contempo-
rary biology, and integrate the
teaching of biology with that of
chemistry, physics, mathematics,
and other relevant fields. In addi-
tion, the program supports initia-
tives that link colleges and universi-
ties with ~t»mentary and secondary
schools. community colleges. and
other four-year institutions and pro-
vide teachers and students with
exposure to modern biology.

Undergraduate Science Education

G
&

Undergraduate Science Education

Undergraduate Program
Directors Meetings

The Institute organizes and spon-
sors annual meetings of the direc-
tors of the undergraduate programs
it supports. These meetings are part
of the Institute’s ongoing program
assessment. They enable program
directors from a wide range of insti-

tutions to present and discuss their

programs, to demonstrate educa-
tional technology and techniques
developed through the grants, and
to exchange laboratory manuals,
outlines, and other materials. For
the Institute as well as the program
directors, the meetings provide
valuable insight into the challenges
faced in implementing these pro-
grams and into how the programs
have been modified in response to
the challenges. The proceedings of
the meetings, along with profiles of
Institute-supported initiatives, are
published and distributed nationally.

The 1992 and 1993 meetings
brought together program directors
from institutions that received
awards in the 1988-1989 and 1991—
1992 grants competitions, respec-
tively. Additional meetings are
planned for directors from the 1993
awardee institutions and from other

competitions.

1993 Meeting

The 1993 program directors meet-
ing focused on institutional strate-
gices for enhancing undergraduate
science teaching and learning  g-
ure 24). Topics included ways in
which HHMI-funded activities are
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augmenting institutional and depart-
mental efforts to strengthen under-
graduate science teaching and to
offer students, particularly women
and members of underrepresented
minorities, high-quality training in
biology and other sciences. There
were demonstrations of interactive
computer software for biology edu-
cation. video presentations, and
techniques used in undergraduate
and precollege outreach programs.
A report of the meeting, Institution-
al Strategies for Enhancing Under-
graduate Science Education, was

1992 Meeting

The theme of the Institute’s second
program directors meeting, held in
1992, was undergraduate research
and curriculum and laboratory
development. A report of the meet-
ing was published in early 1993.

- Entitled Enriching the Undergradu-

ate Laboratory Experience, it sum-
marizes eacn presentation and key
issues emerging in the discussions.

One of the issues raised by the
program directors concerned the
role of laboratory research in under-
graduate science education, both as

published in early 1994. an independent student activity,

Figure 24
- ..

1993 Meeting of Undergraduate Program Directors

Program Synopsis

L
Howard lughes Medeal 1ostitute
Oflice of Grants and Special Programs

Program Synopsis
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Howard Hughes Medical Institute
Office of Grants and Special Programs

1993 Annual Program Directors Mecting.
Ingtitutional Stralegies fur Enhancing
U ndergraduate Scieney Edieation

14993 Annual Program Directors Meeting:
Institurianal Sirategies for Enhancing
Undengraduale Scienve Education
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usually during the summer, and as
an integral part of the introductory
and upper-division curriculum.
There was general agreement that

« students, both science majors and

others, respond positively to sci-
ence when they can learn it in a lab-
oratory setting by designing and
performing experiments, testing
hypotheses, and analyzing results.
The program directors discussed
curricula that serve (o attract and
retain students, including women
and members of minorities under-
represented in science. Major (op-
ics of discussion were allocation of
increasingly scarce resources (0
strengthen science curricula at all
levels and strategies to integrate the
teaching of biology with that of
chemistry, physics, mathematics,
and other relevant disciplines.

Tn one of the plenary sessions,
program directors from Bryn Mawr
College and neighboring Haverford
College described their efforts to
develop interdisciplinary bioscience
programs using the scientific
resources of both institutions.
Judith Shapiro, Provost, and Paul
Grobstein, Eleanor A. Bliss Profes-
sor of Biology, from Bryn Mawr,
and Judith Owen, Chair and Profes-
sor of Biology, and Slavica Matacic,
Professor of Biology, from Haver-
ford, discussed the development of
programs and courses available to
students from both colleges in such
areas as biochemistry, biophysics,
and neuroscience. The program
directors and their faculty col-
leagues noted that enhancements in
the curriculum, through new faculty
appointments, equipment acquisi-

Undergraduate Seience Education

tions, and laboratory development,
have helped to strengthen other
aspects of their programs, including
student research and outreach to
teachers and students.

Al Case Western Reserve Univer-
sity, the involvement of faculty
members from a wide range of
fields and academic departments
has been a key to the development
of interdisciplinary science curricu-
la. Norman Rushforth, Chair and
Professor of the Department of Biol-
ogy. and Hillel Chiel, Professor of
Biology, reported on their programs
that integrate instructional and
research activities in the Colleges of
Science, Mathematics, and Engi-
neering with those in the School of
Medicine. Some of the areas cov-
ered are molecular and cell biology.,
organismal biology, and population
biology. Following the presentation,
the program directors discussed
the issue of “supermarket” (broad-
based) courses versus “boutique”
(highly specialized) courses, noting
the importance of undergraduate
curricula that express a variety of
learning styles and can convey the
excitement of scientific discovery.

Clifton Poodry, Associate Vice
Chancellor and Professor of Biolo-
gy, and Jerry Feldman, Professor of
Biology. discussed their Institute-
supported program at the Universi-
ty of California-Santa Cruz that
offers, as a principal component,
summer research opportunities for
undergraduates. Drs. Poodry and
Feldman reviewed aspects of the
program, including efforts to recruit
women and underrepresented
minority students, pre-research lab-

)
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oratory training for participating
students, and such follow-up activi-
ties as guest seminars by distin-
guished researchers and opportuni-
ties for students to present their
research. As a group the program
directors discussed a range of top-
ics concerning the culture of labora-
tory science, the benefits of labora-
tory experience and mentoring for
students underserved in the sci-
ences, and the outlook for under-
graduates who are considering
careers in research and science
teaching,

Undergraduate Program
Grants, Phase II, 1993 and
1994 Competitions

HHMT's 1993 and 1994 competi-
tions mark a new phase in the

Figure 25

undergraduate program. In the first
phase, the Institute provided a total
of §175.4 million in 1988-1992 to
181 colleges and universities for
grants to support undergraduate
science education (Figure 25). Insti-
tutio1s were encouraged to develop
programs that responded to their
particular needs and strengths.
Thus, the undergraduate program
supports a range of activities in
numerous scientific disciplines at
participating institutions. Among
these activities are student, faculty,
and curriculum development and
precollege and outreach programs.
Phase Il was developed, in part,
on the basis of findings from
HHMI's ongoing assessment of the
undergraduate program. One such
finding, discussed extensively by
the program directors, has been

.- |
Undergraduate Biological Sciences Education Program,
Awards to 181 Colleges and Universities ($175.4 million),
by Program Component, Phase I, 1988—1992 Competitions

Faculty development
$28 million (16%)

Precollege and
outreach programs
$34 million (20%)

Student research and
broadening access
$60 million (34%)

Curriculum development
$563.4 million (30%)

Grants for Science Education, 1994




the importance of undergraduate

research as a means of attracting
and retaining students, including
women and members of minority
groups underrepresented in
science.

At these meetings the program
directors have also noted the impor-
tant role colleges and universities
can play in enriching precollege sci-
ence education. A number of the
presentations have focused on
grantee-developed activities to
provide laboratory and classrcom
training for students and teachers
from elementary and secondary
schools and from two- and four-year
colleges.

The annual progress reports sub-
mitted by grantee colleges and
universities are another important
source of background for under-
graduate program development.
Over the five years of the program,
the directors have emphasized
how grant-supported equipment
acquisitions and laboratory develop-
ment have enabled them to provide
instruction in the contemporary bio-
logical sciences and other disci-
plines as they relate to biology.
In addition. they point to the ener-
gizing effect of equipment and
laboratory enhancements on under-
graduate research and precollege
and outreach programs. They also
draw attention to a critical need
for continued suppott to modernize
the undergraduate science infra-
structure.

The Institute has developed new
guidelines and elements for 1993
and 1994 programs, based on infor-
mation collected through these

Figure 26

Undergraduate Biological Sciences
Education, Program Elements

and Guidelines

1988-1992

®Student and faculty devel-
opment, supporting under-
graduate research experi-
ences, opportunities for
women and minority stu-
dents underrepresented in
the sciences, and new fac-
ulty appointments, includ-
ed as program elements

® Curriculum and laboratory
development, supporting
rew and revised courses,
equipment acquisitions,
and laboratory renova-
tions, included as program
element

= Precollege and outreach
included as program ele-
ment

= Support for equipment
and laboratory renovation
limited to 30 percent of
total grant amount

m [Five-year grant period

1993-1995

# Student research, includ-
ing opportunities for
wonten and minority stu-
dents underrepresented in
the sciences, retained as
program element

# Equipment and laboratory
development, supporting
equipment acquisitions
and laboratory renovations
for undergraduate labora-
tory courses, retained as
program element

mPrecollege and outreach
retained as program ele-
ment

B No limitation on funding
for equipment, and fund-
ing for renovation limited
to 50 percent of total grant
amount

EFour-year grant period

assessment activities (Figure
26). Support for undergraduate
research, including opportunities
for women and underrepresented
minority students, remains as a cen-
tral component of the new under-
graduate program. Activities to pre-
pare students for laboratory
research and enable them to pre-
sent their findings will also be sup-
ported. In addition, precollege and
outreach programs in the sciences
will continue to be a priority.
Applicant institutions may now
request up to the full grant amount

Undergraduate Science Education 33

‘— -




Figure 27

Undergrduate Biological Sciences Education Program,

Invited Institutions, 1994

Andrews University, Michigan
Arizona State University

Auburn University, Alabama
Baylor University, Texas

Boston College, Massachusetts
Boston University, Massachusetts
Brandeis University,
Massachusetts

Brigham Young University, Utah
Brown University, Rhode lsland

California Institute of
Technology

Carnegie Mellon University,
Pennsylvania

Case Western Reserve University,
Ohio

Catholic University of America,
District of Columbia

Clark University, Massachusetts
Clemson University,

South Carolina

College of William and Mary,
Virginia

Columbia University, New York
Cornell University, New York

Dartmouth College,
New Hampshire

Drexe] University, Pennsylvania
Duke University, North Carolina
Emory University, Georgia
Florida Institute of Technology
Florida State University
Fordham University, New York
George Washington University,
Distriet of Columbia

Georgetown University, District
of Columbia

Georgia Institute of Technology
Harvard Uiniversity,
Massachusetts

Howard University, District of
Columnbia

{llinois Institute of Technology
Indiana University at
Bloomington

Towa State University

Johns Hopkins University,
Maryiand

Kansas State University

Kent State University Main
Campus, Ohio

La Sierra University, California
Lehigh University, Pennsylvania

Louisiana State University and
A&M College

Loyola University of Chicago,
1llinois

Marquette University, Wisconsin
Massachusetts Institute of
Technology

Miami University, Ohio
Michigan State University
Mississippi College

Montana State University

New York University

North Carolina State University
Northwesterr University, lilinois
The Ohio State University Main
Campus

Oklahoma State University Main
Campus

Oregon State University
Pennsylvania State University
Main Campus

Polvtechnic University, New York
Princeton University, New Jersey
Purdue University Main Campus,
Indiana

Rensselaer Polytechnic Institute,
New York

Rice University, Texas

Rutgers the State University of
New Jersey Newark Campus
Rutgers the State University of
New Jersey New Brunswick
Campus

Saint Louis University, Missouri
Southern lllinois University at
Carbondale

Southern Methodist University,
Texas

Stanford University, California
State University of New York at
Albany

State University of New York at
Binghamton

Stat» University of New York at
Buffalo

Stare Unwersity of New York at
Stony Brook

State University of New York
College of Environmiental
Science and Forestry

Stevens Institute of Technology,
New Jersey

Syracuse University Main
Campus, New York

Temple University, Pennsylvania

Texas A&M University

Texas Tech University

Tufts University, Massachusetts
Tulane University, Louisiana
The University of Akron Main
Campus, Ohio

The University of Alabama
University of Arizona
University of Arkansas Main
Campus

University of California—Berkeley
University of California~Davis
University of California-Irvine
University of California—

Los Ang-les

University of California—
Riverside

University of California—

San Diego

University of California—

Santa Barbara

University of California—

Santa Cruz

University of Chicago, Illinois
University of Cincinnati Main
Campus, Ohio

University of Colorado at Boulder
University of Connecticut
University of Delaware
University of Florida

University of Georgia
University of Hawaii at Manoa
University of Houston, Texas
University of Illinois at Chicago
University of Hlinois at
Urbana-Champaign

University of lowa

University of Kansas Main
Campus

University of Kentucky
University of Louisville, Kentucky
University of Maine

University of Maryland Baltimore
County

University of Marvland College
Park

University of Massachusetts at
Amherst

University of Miami, Florida
University of Michigan-

Ann Arbor

University of Minnesota—
Twin Cities

University of Mississippi

University of Missouri—Columbia
University of Nebraska
University of Nevada, Reno
University of New Hampshire

University of New Mexico Main
Campus

University of New Orleans,
Louisiana

University of North Carolina at
Chapel Hill

['niversity of North Dakota Main
Campus

University of Notre Dame,
Indiana

University of Oklahoma Norman
Campus

University of Oregon

University of Pennsylvania
University of Pittsburgh Main
Campus, Pennsylvania
Cniversity of Rhode Island
University of Rochester,

New York

University of South Carolina—
Columbia

University of South bako ta
University of South Florida
University of Southern California

University of Tennessee—
Kuoxville

University of Texas at Arlington
University of Texas at Austin
University of Toledo, Ohio
University of Utah

University of Vermont
University of Virginia
University of Washington
University of Wisconsin—Madison
University of Wisconsin—
Milwaukee

University of Wyoming

Utah State University
Vanderbilt University
Virginia Polytechnic Institute
and State University
Washington State University
Wayne State University,
Michigan

West Virginia University

Yale University, Connecticut
Yeshiva University, New Yerk
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for equipment for undergraduate
science education. The new pro-
gram also provides up to 50 percent
of the total grant amount for renova-
tion of teaching laboratories. Facul-
ty development and curriculum
development in the sciences are
no longer included as categories.

In the first Phase II competition,
held in 1993, 47 grants were made
to public and private comprehen-
sive and liberal arts institutions.
For the 1994 grants competition,
151 public and private resec.ch
and doctorate-granting universities
were invited to compete (Figure
27). Institutions receiving HHMI
awards in 1989~-1990 and 1992,
and other institutions meeting
the assessment criteria, were
extended invitations.

Proposals will be reviewed by
an external panel of scientists and
educators. Their evaluations will
then be reviewed by an internal
HHMI committee, which will make
recommendations to HHMI's
Trustees, who will authorize fund-
ing. Grants providing approximately
$72 million over a four-year period
will be announced late in the sum-
mer of 1994,

Assessment Criteria

To identify institutions as eligible,
HHMI has referred in each compe-
tition to the 1987 classification of
higher-education institutions by the
Carnegie Foundation for the
Advancement of Teaching. The
Carnegie classifications are hased
on such factors as the level
of degree offered, nature of the

Undergraduate Science Education

Figure 28

Undergraduate Biological Sciences

Education Program, Grantees by Carnegie

Foundation Classification, 1988-1993

1988-1992
Phase |

Carnegie Classification
Research Universities I and I 76
Doctorate-Granting Universitites [ and I1 16
Comprehensive Universities and Colleges 1 and 11 23
Liberal Arts Colleges 1 and IT 64
Schools of Engineering and Technology 2
Totals ' 181

educational mission, degree of spe-
cialization in particular fields, and
amount of annual federal support
for research and development.
HHMI has also taken into account
the institutions’ records of prepar-
ing students for scientific careers
who are from minority groups
underrepresented in the sciences.
Figure 28 shows the Carnegie clas-
sification of institutions that
received awards in Phases [ and II.
For the 1994 competition, institu-
tions from the chosen Carnegie cat-
egories (Research Universities
I and II and Doctorate-Granting
Universities [ and II) were invited
to compete, as in the past, on
the basis of their records of gradu-
ating students who went on to med-
ical school or to the Ph.D. degree
in hiology. chemistry, physics,
or mathematics (Figure 29). Data
for this selection, reflecting the
most recent 10-year period
for which data were available,
were provided by the Association
of American Medical Colleges,

1993
Phase II

o
- o
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the National Researcn Council TR
of the National Academy of Sci- New Awards, 1993 _
ences, and the US. Department of In August 1993 the Institute com-

Education. pleted a fifth competition for under-
Figure 29

.-~ |
Assessment Criteria

In 1988-1992, institutions were assessed for participation in the Undergraduate Biolog-
ical Sciences Education Program on the basis of the percentage (calculated with data
on total baccalaureate degree production collected by the U.S, Department of Educa-
tion) and absolute number of graduates from each institution who have:

mMatriculated in medical schools
Data Source: Association of Ammerican Medical Colleges.

mEarned doctorates in biology
Data Source: National Research Council of the National Academy of Sciences.

mEarned doctorates in chemistry, physics, or mathematics
Data Source: National Research Council of the National Academy of Sciences.

Note: Assessments for the 1988 and 1989-1990 compelitions were based on data for the periads
1976-1986 (for doctorales earned in biology. chemistry, physics, or mathematics). Assessments
Jor the 19911992 compelitions were based on data for the periods 1979-1988 (for medicat
schoot matriculation and doctorates carned in biology, chemistry, physics, and mathematics).

Figure 30
... - - .|
Uncergraduate Biological Sciences Education Program,
Awa. *3*9 47 Colleges and Universities ($28.5 million),

by Proy:am Component, Phase 11, 1993 Competition

Precollege and Studeut research and
outreach programs broadening access
$7 million (25%) $11 million (38%)

Equipment and
laboratories
$10.5 million (37%)

Grants for Science liducation, 1994
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Undergraduate Scienee Education

graduate grants and made awards
totaling $28.5 million to 47 colleges
and universities (Figure 30). The 47
grantees competed within a pool of
175 institutions classified by the
Carnegie Foundation as public and
private Comprehensive Colleges
and Universities I and II, Liberal
Arts Colleges I and II, and Schools
of Engineering and Technology.
The Institute’s four-year grants
range from $500,000 to $1,400,000
each, and respond to the institu-
tions’ proposals for support of a vari-
ety of program activities in under-
graduate science education. (See
pages 48-54 for a list of the grantee
institutions and descriptions of their
awards.)

Undergraduate Research, Including
Opportunities for Women and
Minority Students
Underrepresented in the Scienzzs

As noted above, student research is
a major activity funded through the
undergraduate program (Figure
31). Of the $28.5 nillion awarded in
1993, a total of $11 million will pro-
vide laboratory research experi-
ences for undergraduates at the
introductory through upper-division
levels, HHMI support will enable
some students to work off-campus
in laboratories of research universi-
ties and private industry and will
provide others with close faculty
collaboration in campus laborato-
ries. These lahoratory experiences
will be offered during the summer
or academic year and, in some
cases, during hoth periods. Institute
funds will also support training to
prepare students for laboratory

B4

Figure 31

Student Research and Broadening Access
Programs -

California State University, Northridge

Opportunities for students, particularly those at the freshman

. level and transfer students from community colleges, to engage in

research experiences, benefit from increased academic and
career counseling, and be exposed to the culture of science.

City University of New York Hunter College

Increasing access for students, including women and students
from minority groups underrepresented in the sciences, to labora-
tory research through summer training workshops in molecular
biology, neurobiology, and cell structure, followed by
academic-year laboratory research experiences.

Morehouse College

Significantly expanded laboratory opportunities for students dur-
ing the summer and academic year, both on the campus and at a
research university with which the College has established a part-

nership, and opportunities for students to present their research.

Oberlin College

Summer and academic-year laboratory experiences for students,
and opportunities to discuss research at an on-campus colloquium
with visiting scientists and to present research results at regional
or national conferences.

Swarthunore College

Faculty laboratory research experiences for students, including
women and members Of underrepresented minority groups, with
opportunities to travel to scientific meetings, a seminar series on
interdisciplinary research, and other activities.

Wellesley College

A program inwhich women students would be teamed with sci-
ence faculty mentors and provided summer laboratory experi-
ences spanning several years, including opportunities to present
their research at meetings on and off campus.
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Figure 32

Equipment and Laboratory Development
Programs

Bowdoin College

Equipment acquisitions to enhance student independent vesearch
experiences, and introductory, interinediate, and upper-division
laboratory courses in such fields as biochemistry, biophysics,
genetics, and neuroscience.

Bryn Mawr College

Enhancements in teaching laborutories for programs in organis-
mal biology, neural and behavioral sciences, and other scientific
disciplines by computer upgrades and laboratary renovations.

Carleton College

Modern instrumentation to strengthen undergraduate laboratory
instruction and student research in such areas as molecular and
developmental biology, nenroscienee, and related scientifie disci-
plines.

Fort Lewis College

The development of lahoratory facilities and the acquisition of sci-
entific equipment for instruction and undergraduate research in
biochemistry, cell and molecular biology, physiology, and macro-
molecular isolation.

University of Puerto Rico Rio Piedras Campus

New equipmert to strengthen laboratory instruction in such areas
as biochemistry, cell and molecular biology, developniental biolo-
gy, and genetics, and to enhance introductory-level laberatories in
chemistry and physics by using biological examples.

University of Texas at El Paso

Significant enhaneements in introductory and upper-division lab-
oratories in cell and inolecular binlogy, immunology, physiology,
and plant biolugy through renovations and new equipnient acqui-
sitions.

research and opportunities to pre-
sent their findings at scientific meet-
ings. '

Forty-four of tFe 47 awardee
*heir HHMI
grants to attract and retain students
in scientific fields hy providing
them with stipends to participate in

institutions will u.

laboratory research at their own
institutions or at off-campus sites. A
major emphasis in many of these
programs will be to broaden the
access to science for women and
students from underrepresented
minority groups.

Equipment and Laboratory
Development

A total of $10.5 million provides sup-
port o 42 grantee institutions for
equipment acquisitions and labora-
tory renovations (Figure 32). These
funds will support capital upgrades
and enhancements needed to
strengthen introductory. intermedi-
ate, and upper-division undergradu-
ate courses emphasizing hands-on
experimentation. The new equip-
ment and laboratory improvements
will provide expanded opportunities
for faculty-student research collabo-
ration.,

Equipment and laboratory devel-
opment funds will also support
efforts on the part of science depart-
ments to integrale the teaching of
biological sciences with chemistry,
physics, mathematics, and comput-
er science. FFor example, a number
of institutions will use the funds to
include biological examples in phys-
ical science courses. In addition,
several institutions will establish

Grants for Science Education, 1994



computer laboratories to supple-
ment course worl in the biological
sciences by providing expanded
instruction in data and computation-
al analysis.

Precollege and OQutreach Programs

A total of 87 million was awarded to

colleges and universities for collab-

orative programs with elementary.

middle, and high schools and two-

and four-vear colleges (IFigure 33).

One of the principal forms of out-

reach will be opportunities for
teachers and students at these

schools and colleges to participate

in vesearch at college and university

laboratories. Many grantee institu-

tions will direct these efforts to

schools and colleges with signifi-
cant enrollments from underrepre-

sented minorily groups.

A total of 39 colleges and univer-

silies receiving 1993 grants will
undertake programs aimed at
enhancing teaching and learning in

the sciences, especially at the pre-
college levels. The funds will pro-

vide stipends for teachers and stu-
dents participating in research and
laboratory training activities. In
addition, a number of programs will
provide equipment and materials to

enable science teachers (o imple-

ment new curricula, particularly at

rural and inner-city schools. Other

supported activities include visiting

scientist programs, in-service work-

shops, and degree programs for

teachers.

I'ndergraduat e Science Education
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Precollege and Outreach Programs

City University of New York City College

Outreach programs for students, particularly women and under-
represented minorities, to incluce such activities as research
experiences, counseling, and science career information for high
school students; summer reseavch or academie preparation coutses
for prefreshien; and a summer transfer program for community
college students.

Humboldt State University

A program to increase recruitment and retention in the sciences
for Native American students from western states, including
California, Nevada, Oregon, Washington, and Montana, through
ongoing contact with tribal colleges and schools, support and
mentoring at the University, and on- and vff-campus laboratory
experiences.

Western Maryland College

An expanded outreach program engaging Baltimore area high
school students and teachers in studies of the biology of the
Chesapeake Bay, using the Bay as a science laboratory.

Wheaton College

A program to attract and retain students, particularly those from
inner-city Chicago schools, through laboratory instruction in biol-
ogy, chemistry, and mathematics, with tutoring and peer counsel-
ing by college students from similar backgrounds.

Wofford College

Expansion of 2 two-week summenr residential precollege science
program, conducted by College science faculty and students, for
gifted 6th-, 7th-, and 8th-graders from Spartanburg, South Carolina.

Xavier University of Louisiana

Sumnier academic enrichment programs in hiology, chemistiy,
and mathematics for underrepresented minority students in the
9th through 12th grades, primarily from metropolitan New
Orleans, and support for junior and high school teachers to
develop new teaching materials.
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Overview of the
Undergraduate Program,
Phase I, 1988~1992

Grants Competitions and Awards

The first phase of the undergracu-
ate program began in 1988 with the
initial competition in which HHMI
invited 81 private liberal arts and
comprehensive institutions and 18
public and private historically black
institutions to apply for five-year
grants to bolster their science pro-
grams. l‘ollowing review of the 99
proposals by external and internal
panels of scientists and educators,
44 institutions, including 34 private

- four-year colleges and 10 public and

private historically black institu-
tions, were awarded a total of $30.4
million. (For further information on
these grants, see HHMI's Granis
Program Policies and Awards,
1988-1989.)

In 1989, 101 public and private
research and doctorate-granting
universities were invited to submit
proposals to enhance undergradu-
ate education in biology and related
fields. Following review of the pro-
posals, HHMI provided grants total-
ing $61 million to 51 universities.
These awards were paid over a
two-year period. (See HHMI's
Grants for Science Education,
1989-1990.)

In 1991 a total of 98 public and
private institutions, including com-
prehensive and liberal arts colleges
and universities and institutions
with demonstrable records of edu-
cating minority students underrep-

resented in the sciences, conpeted
for undergraduate awards. Forty-
four of these institutions, including
10 with significant presence of
underrepresented minority stu-
dents, received support totaling
$31.5 million for a range of program
activities. (See HHMI's Granis for
Science Education, 1990-1991.)

The first program phase was
completed in 1992, and a fourth
competition was held in which 98
research and doctorate-granting
universities were invited to submit
proposals. HHMI awarded grants
totaling $52.5 million to 42 of these
institutions. (See HHMI's Grants for
Science Education, 1991-1992, and
1993 Undergraduate Program Direc-
tory, A Listing of Program Direclors
and Grants Awarded at 181 Colleges
and Universities, 1988-1992.)

Undergraduate Research:
Opportunities for Women and
Minority Students
Underrepresented in the Sciences

Of the total funding of $175.4 mil-
lion provided in the first phase of
the undergraduate program,
approximately $60 million has been
used at 170 of the 181 grantee insti-
tutions for programs to recruit and
retain students in the sciences,
especially those underrepresented
in scientific fields, such as women,
blacks, Hispanics, and Native Amer-
icans. The principal student activity
supported under the program is
undergraduate research, providing
opportunities for students, many
with no prior laboratory experience,
to learn scientific concepts, termi-
nology, and techniques while assist-
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ing scientists in research projects
on or off campus. At a number of
institutions, th 'se research experi-
ences have b.en enhanced by
prior training activities and subse-
quent opportunities for students to
present and puhlish their research
findings.

Since ils inception in 1988, the
undergraduate program has sup-
ported over 11,500 undergraduates
conducting research (Figure 34). Of
this total, 56 percent are women and

Figure 34

27 percent are students from minor-
ity groups underrepresented in sci-
entific fields. Most of the students
(92 percent) conducted research at
their own institutions, and a limited
number (8 percent) worked off cam-
pus at other universities or colleges,
in government laboratories, or with
private corporations (Figure 35).
Forty-five percent of these research
experiences took place during sum-
mer, 36 percent during the academ-

- - ]
Undergraduate Research, 1988—1993

Student Participation Trends
Nﬁmber of students
4,000
3,500
3,000
2,500
2,000
1,500

L

1088-1989 19801980
B Minorities M Women M All students

Student Participation—Total

1980--1991 19011992 10921993

Number Percent
All students 11,522 100%
Women 6,449 56
Minorities 3,158 27

Undergraduate Science Education
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ic vear. and the rest anned both  graduate research opportunities in
periods (Figure 35). attracting student interest in the sci-

Grantee institutions have report- ences and helping to retain that
ed a significant impact ot under- interest through the college years

Figure 35
.- |
Undergraduate Research Sites, 1988—-1993

Government
laboratories
Private )
laboratories -
(14%)

Corporate : :
laboratories Research
(11%) universities
Cther and centers

(9% (%)

All researchsites  * Off-campus research sites

Figure 36

Undergraduate Research by Academic Period,
1988-1993

Both Summer research
(19%) (45%)

Academic year
research (36%)
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and beyond. According to a number
of participating students, HHMI-
supported research experiences
have been major factors in accep-
tances into outstanding graduate
and medical programs and in
receipt of national fellowships. For
example, several undergraduates
supported though this program
have gone on to receive fellowships
under HHMT's highly competitive
predoctoral fellowship program.

Faculty Development in the
Sciences

In the initial program phase, a total
of $28 million has been used by 98
of the 181 awardee institutions for
science faculty development, includ-
ing the appointment of new faculty
members, programs to engage
research faculty in undergraduate
teaching, and other activities. Since
1988, HHMI funds have enabled 55
colleges and universities to appoint
169 faculty members in a range of
scientific disciplines. These HHMI-
supported appointments include 82
women (49 percent) and 21 faculty
members from minority groups
underrepresented in scientific areas
(12 percent) (Figure 37). These
appointments are providing depart-
ments with opportunities to develop
new courses in important areas of
madern science and to update and
expand curricula,

The scientific disciplines in
which HHMI-supported faculty
have been appointed include cell or
molecular biology. biochemistry/
biophysics, and neuroscience (Fig-
ure 38). In several cases the new

Undergraduate Science Educeation

Figure 37

New Faculty Appointments, 1988—-1993*

Number Percent

Faculty Appointments 169 100%
Underrepresented Minorities 21 12
Women 82 49

*Of the 169 Institute-supported appointments, 39 are non-tenure track,

Figure 38

New Faculty Appointments, by Scientific
Field, 1988-1993

Field Number of Appointments

Cell or molecular biology 41
Biochemistry/biophysics 26
Neuroscience 22
General biology 11
Chemistry 10
Genetics 5
Physics 5
Physiology 4
Other biological and seientific fields 15
Total 169

appointments have enabled institu-
tions to bridge science depart-
ments, such as biology and chem-
istry. in the development of interdis-
ciplinary programs. The new faculty
members have begun to distinguish
themselves at their colleges and
universities. which are reporting
important contributions in teaching,
research. and institutional service.
HHMI provides funds for activi-
ties that enrich the current faculy
scientists” knowledge of their fields
and enhance their ability (o convey

XY
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Figure 39

X, " hie

Curriculm and Laboratory Development,

Selected Course Areas, 1988—1993

Area

General biology
Chemistry
Biochemistry
Molecular biology
Cell biology
Neuroscience
Physiology
Laboratory techniques
Genetics

Physies

Topies in biological sciences

Number of Courses
299
252
218
218
189
159
134
120
116
103
102

new knowledge to students. Science
faculty members have received
support to participate in workshops,
seminars, professional meetings,
and training programs in the
sciences.

Cwrriculum and Laboratory
Development and Equipment

A total of $53.4 million has been
directed to the development of sci-
ence curricula and laboratories,
enabling nearly all of the 181
grantee institutions participating in
the initial program phase to
enhance the quality of instruction in
the biological sciences and other
disciplines as they relate to biology.
HHMI grant support in this area is
principally directed to the acquisi-
tion of modern scientific instru-
ments and to laboratory renovation.
The program also supports the
develepment of new experiments
for use in courses, laboratory manu-

als, and other instructional materi-
als.

Since 1988 HHMI has supported
the development of approximately
2,500 courses covering a wide range
of scientific disciplines, such as
genetics, molecular and cell biolo-
gy, and neuroscience (Figure 39).
Approximately 30 fields of biology
and other disciplines are represent-
ed. Numerous grantee institutions
are using their awards to relate biol-
ogy teaching to chemistry, physics,
mathematics, and computer sci-
ence. In such cases biological exam-
ples are integrated into laboratory
courses in the physical sciences and
other areas.

Another important objective of
HHMTI's support of curriculum and
laboratory development is the
enhancement of opportunities for
hands-on laboratory research in
undergraduate science courses.
Grantee colleges and universities
are developing teaching laborato-
ries at the introductory through
upper-division levels, providing
undergraduates with research expe-
riences that may he continued in
faculty laboratories. Institutions
report that for many students these
research experiences are stimulat-
ing interest in science majors and
careers,

Precollege and Outreach Programs

In the first program phase, HHMI
awarded $34 million to 170 of the
181 grantce colleges and universi-
ties to develop or expand linkages
with precollege and other institu-
tions. The objective of these initia-

74
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Fi.gure 40
-]
Outreach Program Participants, 1988-1993 -

Teacher Participation Trends
Number of teachers and faculty members
.. 3000 e e
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1988-1989  1080-1990 10901991 1901-162 1992-1993
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Teachers and Faculty Members—Total

Number © Percent
All teachers 8,239 100%
Women 4,630 56
Minorities 1,325 19

Student Participation Trends
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Figure 41

™

Outreach Prgram Participants by Level, 1988-1993

Teacher Participation ir Qutreach Programs by Teaching Level

Number of teachers
2,000
"1,500
1,000
19831939 1989-1990 19901991 1991-1992 19921993

M Elementarvschool B Middle school W Highschool E Two- and four-year colleges
Teacher Participation—Total

Number Percent .
All teachers 8,239 100%
Elementary school 887 11
Middle school 1,228 15
High school 5,435 66
College 689 8

Student Participation in Qutreach Programs by Educational Level

Number of students
6,000
5,000
4,000
3,000

2,000

1000 . R
0 . ..

1988-1989 1989-1990 1990-1991  1991-1892  1982-1993
W Flementary school W Middle school W High school # Two- and four-year colleges

Student Participation—Total

Number Percent
All students 25,371 100%
Elementary school 5,245 2]
Middle school 3,209 12
High school 16,654 66
Ccliege 263 l
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tives is to enhance the quality of the
institutions’ science programs.
They are also intended to attract
and retain students in the sciences,
particularly women and students
from underrepresented minority
groups. Programs include summer
and academic-year laboratory expe-
riences for teachers and students,
summer science camps, equipment
loans, and curriculum development,
as well as classroom training for
students in biology and chemistry,
physics, mathematics, and other
areas as they relate to the biological
sciences.

Since 1988. approximately 8,200
teachers, of whom 56 percent are
women and 19 percent are minority
group members, have participated
in HHMI-supported outreach activi-
ties (Figure 40). In addition, about
25,000 students have heen involved,
including 59 percent minority stu-
dents and 54 percent women.

Teachers from elementary, mid-
dle, and high schools, faculty mem-
bers from two- and four-year col-
leges, and students from these insti-

Undergraduate Science Edueation

tutions have benefited from HHMI's
precollege and outreach support
(Figure 41). Of the participating
teachers, approximately 66 percent
have been from high schools. Also
significantly represented have been
elementary and middle school
teachers and two- and four-year col-
lege faculty. Students from high
schools again accounted for 66 per-
cent.

Colleges and universities have
reported on the laboratory activities
of precollege students participating
in HHMI-supported outreach pro-
grams. A number of these students
have received recognition for their
research through such activities as
the Westinghouse Science Talent
Search and local, regional, and
national science fairs. Many have
also been accepted into leading
undergraduate science programs.
In addition, a number of teachers
from elementary and secondary
schools have attributed improve-
ments in their science teaching to
participation in HHMI programs.

47




(%)

E

Aruitoxt provided by Eric:

RIC

Undergraduate Biclogical Sciences Education Program, 1993 Awards
AIMNETSt COlEEE ...ttt s $500,000  Ohio Wesleyan UNIVerSity ... et e sncsssincieentceenirnennennn 900,000
Amherst, Massachusetts Delaware, Ohio
Bates COlIREE ......ceveerecrcrneneereireennesecsesissse et neessssssssessssssssssnsas $500,000  Saint Joseph's UNIVEISILY.....cuumrerrreesssrmmmeesencecassenssosensesseenne 500,000
Lewiston, Maine Philadelphia, Pennsylvania
Bowdoin COlEEe .........ovvuie et s st $550,000 st Mary's University..... e $650.000
Brunswick, Maine San Antonio, Texas
BIYI MBWT COUERE svmmvvvsssmmmssssssssssssossnsssstrsssnns - 3600,000 Saint OIAf COLRER vvrvrcrsrvcrrsrsersssmosras s $500.000
Bryn Mawr, Pennsylvania Northfield, Minnesota
California State !'nix’grsity-—Los ARERIES vt S650.000 San Diego State UMIVETSITY v irriicancisreiicmennmseessesinrsssmsasseseo e $500,000
Los Angeles, California San Diego, California ;
Si‘r‘{t‘"{i‘:{é"es‘ggfi}o’r‘:;rs"5‘"'\ OTLRTHIEE vt R $600,000
’ ' Northampton, Massachusetts
Carlelon COLBEE .....ovvscerrecrrierr s e iresssesnessssssssssssssstsssssassnan 850,000 . .
No&%ﬁd,%l?r%ﬁesota 58 Southern L'mversmt and A&M College at Baton Rouge ...............5700,000
. Baton Rouge, Louisiana
City University of New York City College ....cccvvueninciiinneincn $650,000 e
New York‘ New York S\Varthm()l'e CO”ege ......................................................................... 66")0.0”0
e . , . Swarthmore, Pennsylvania
City University of New York Herbert H., Lehman College............. $500,000
Bronx, New York Tougaloo College .............................................................................. $500,000
City University of New York Hunter College.......c..c.cuernurnenennn $650,000 Tougaloo, Mississippi
New York, New York Tuskegee UNIVEISItY o ivcrinrcrcrmtnsrmssssesesmmssssssssssssssssessssaes $500,000
Clrk AUANA URIVEISIEY vt et $550,000  uskegee, Alabama
Atlanta, Georgia Union College....ciinciierric s sieesesssninne s 3500,000
College of the Holy Cross........ooeeevennniscss s sevanns $550.000  Schenectady, New York
Worcester, Massachusetts University of Puerto Rico Cavey University College ... e $600,000
COLOFAAD COLIEEE w.vvvrssvosssrnsvsssnessnssnnssssss e $650,000 CaVey, Puerto Rico
Colorado Springs, Colorado University of Puerto Rico Mayaguez Campus .......ee..veeesorenr. e $300,000
Concordia College—Moorhead ... $550,000  Mavaguez, Puertoe Rico
Moorhead, Minnesata University of Puerto Rico Rio Piedras Campus ..o.vvcvevin e $500.000
Fjsk UMIVEISIY vevcrvcrirrseniressasson s ssissnsssssmsssssasees $550,000  Rio Piedras. Puerto Rico
Nashville. Tennessee University of Texas at Bl PASO ... coviiiminnnssmrsneenesesne s $850,000
Fort Lewis College...uuernnns L 8500,600  El Paso. Texas
Durango, Colorado L. -
Ursinus Coilege.... st e 9 3000 G0
GettyShurg College ..uvvevvvvrmivnisiinisisssnssssssssssic s sssnsssnn $300,000  Collegeville. Pennsylvania
Gettysburg. Pennsylvania . . )
L . ) Wellesley COllege s s e e $850,000
; Hampton [.r.m'(.er:.sn_\' ............................. 3500,000  welleslev. Massachusetts
g Hampton. Virginia )
Wesleyan University e 35
HASCITOT COlIERE ... 000000 yrCooran LIREISILE. 500,000
Haverford, Pennsylvania ’ ) ;
Hobart and William Smith Colleges ... $550,000 )‘:ies:erp \tlar\l\slxndlu)l(l;gesw(}OOO()
Geneva, New York estminster, Marylan
Humboldt State ['ni\‘('l'Si()"......‘.....‘...‘.................................4..........38()().1100 Wheaton COl.l(‘g.e................................................‘..................‘...........355().000 |
! Arcata, California Wheaton, Hlinois !
: KNOX CONMOEE covvvvecvverererverneeveseesssssensemseessssesssssssssssssssessossessesennennnes $300,000 \\:'!ll!ams Collee vt o s $500,000 t
; Galosburg, [Hinois Williamstown, Massachusetts
L MOEEROUSE COURER worveers e seserereseeeesseressssrsesssssseees s $1,000000  Wofford College ..o STO0000
| Atlanta, Georgia Spartanburg. South Carolina
LODOTTIN COLCEE vrroremoeenosesesssoseseosesssessssomese s SSO0000 XAVIET UNIVOTSIY 0F LOUISIANA +oveeorsersserssessmesmersennersen§ L AG0,0001 |
|
i Oberlin. Ohio New Orleans, Louisiana
!
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Undergraduate Science Education

Undergraduate Biological Sciences Education Program, 1993 Grant Summaries
Ambherst College, Amherst, Massachusetts

$500,000 in support of a program to attract and retain students in the sciences, including women and minority students underrepresented in sci-
entific fields, to include such components as academic-year laboratory research experiences, a science dormitory for student researchers, travel
to scientific meetings, symposia to present research, and enhanced mentoring and advising.

Bates College, Lewiston, Maine
$500,000 in support of the following: (1) student research experiences in faculty laboratories hoth on and off campus, opportunities to attend sci-
entific meetings, and other activities; (2) laboratory equipment to enhance undergraduate interdiseiplinary teaching in the neurosciences and

other areas of the biological sciences; and (3} outreach programs for rural elementary and junior high schools that may include: laboratory experi-

ences for high school science teachers with College faculty, activities in the seiences for elementary and junior high school students, particularly
girls and members of minority groups underrepresented int the sciences, and local public science education using the College's planetarium.

Bowdoin College, Brunswick, Maine

$530,000 to support a program of (1) equipment acquisitions to enhance student independent research experiences and introductory, intermedi-
ate, and upper-division: laboratory courses in such fields as biochemistry, biophysics, genetics, and neuroscience; (2) student development and
research experiences, to include summer and academic-yvear opportunities in faculty laboratories, workshops, and seminars to attract and retain
students in the sciences, including students from minority groups underrepresented in scientific fields; and (3) outreach to teachers at high
schools in rural Maine, to provide laboratory experiences, equipment to develop science classes at their home schools, and ongoing contact with
Collcge faculty.

Bryn Mawr College, Bryn Mawy, Pennsylvania

$600,000 in support of activities for attracting and retaining women in the sciences through (1) enhancements in teaching laboratories for pro-
grams in biology, neural and behavioral sciences, and other scientific diseiplines by computer upgrades and laboratory renovations; (2) under-
graduate summer research opportunities with College faculty, to include student stipends, research supplies, travel to conferences, and participa-
tion in interdisciplinary seminars and discussion series, and a summer research program for students from historically black colleges to conduct
research in Bryn Mawr laboratories; and (3) science enrichment workshaps in biology and neural and behavioral sciences for Philadelphia public
school science teachers from all grade levels, to include stipends and mini-grants for teachers.

California State University—Los Angeles, Los Angeles, California

$650.000 in support of (1) a research training program in the biclogical sciences for freshmen and sophomores, especially women and students
from underrepresented niinority groups, to include academic preparation for research through workshops and seminars, tutoring and group study
activities, faculty/peer advising and mentoring, and research participation with faculty mentors, and (2) equipment purchases to enhance under-
graduate laboratory research training and experience in the biological sciences and related disciplines.

Californja State University—Northridge, Northridge, California

$700.000 to support (1) summer and academic-year research experiences in faculty laboratories for introductory-level students; enhanced
academic advising and peer tutoring for freshinen and transfer students: student travel to scientific meetings; and other activities, and (2) a pro-
gram to provide training and materials to develop student research programs in the biological sciences to science teachers from Los Angeles
Junior and senior high schools with significant minority enrollments.

Carleton College, Northfield, Minnesota

$850.000 in support of (1) ntodern instrumentation for undergraduate laboratory instruction and student research in molecular and developmen-

tal biology, neuroscience, and related scientific disciplines; (2) opportunities for undergraduates to engage in summer research with college facul-

tv. to include student stipends. research supplies, and travel to scientific meetings to present research; and (3) academic and research training in
science for entering freshinen; (4) a summer research prograim for high school students from San Antonio, Texas; and (5) an introduction to
mathematics and principles and methods of seientilic research for middle school students, including those from underrepresented minority
groups.

City University of New York City College, New York, New York

$650,000 in support of (1} programs of student rescarch and broadening aceess for students that may include the following activities: freshman
research preparation and participation, upper division rescarch, and various hroadening access activities; (2) outreach programs for students,
particularly women and underrepresented minoritics, to include such activities as research experiences, counseling, and science career informa-
tion for high schoal students, sunmer research or acadentie preparation eourses for prefreshimen, and a summer transfer program for community
college students; and (3) laboratory instrunientation for cell and molecular biology courses and bivlogy and chemistry modules.

4




City University of New York Herbert H. Lehman College, Bronx, New York

$500,000 in support of the following: (1) renovations and equipment for undergraduate teaching laboratories to introduce students to modern sci-
entific principles and research in introductory and advanced level biological courses; (2) summer outreach programs for 11th- and 12th-grade stu-
dents and prefreshmen. especially those from underrepresented minority groups; and (3) an academic year program for {freshmen and sopho-
mores, 10 include research, advising, and other academic development.

City University of New York Hunter College, New York, New York

$650,000 in support of the following: (1) increasing access to laboratory research through summer training workshops in molecular biology, neuro-
biology, and cell structure, followed by an academic vear research program for undergraduates; (2) renovation of an undergraduate facility and
acquisition of scientific instrumentation to support laboratory training in naurobiology and molecular immunology and basic research techniques:
and (3) an outreach program, to include summer training workshops for local high school biology teachers and follow-up activities for high school
students.

Clark Atlanta University, Atlanta, Georgia

$550,000 to support the following; (I) research training and laboratory experiences for students, beginning with a prefreshman course in mathe-
matics and scientific principles and techniques, followed by summer and acadeniic-vear research opportunities with faculty members and at
research universities, industrial laboratories, and other sites; (2) renovations and equipment acquisitions to permit the expansion of a laboratory
course in cell biology: and (3) summer laboratory training in genetics for biology teachers from Atlanta high schools and equipment and materials
for teachers to develop curricula at their home institutions.

College of the Holy Cross, Worcester, Massachusetts

$550,000 to support (1) outreach activities with Worcester public high schools, to provide teachers with laboratory and classroom training in the
bivlogical sciences and other fields as they relate to biology, and to develop precollege science curricula; (2) equipment acquisitions to enhance
courses in such areas as hiochemistry, cell biology. genetics, immunology. introductory biology, and neurobiology: and (3) student research during
. the summer and academic year in faculty laboratories, and opportunities for students to present their research.

Colorado College, Colorado Springs, Colorado

$650.000 to support a program of (1) sumer and academic-year student research experiences in on- and off-campus laboratories, with opportuni-
ties for students to participate in scientific meetings, present their research, and other activities; (2) outreach activities, to include summer labo-
ratory and classroom training for students, particularly black, Hispanic, and Native American students from high schools in Colorado, New Mexico.
and Arizona, and an extension of this program in scientific analysis and writing for College students; and (3) equipment acquisitions for student
research and laboratory courses in genetics and molecular biology.

Concordia College-Moorhead, Moorhead, Minnesota

$550,000 in support of (1) on-campus laboratory experiences for students working during the summer in faculty-student research teams: (2)
equipment and renovations for laboratories to enhance teaching and learning in such disciplines as molecular genetics and developmental biolo-
gv. plant physiology, and human anatomy and physiology; and (33) expansion of programs with local schools and a tribal college to increase the par-
ticipation of Native Americans in science through on-campus laboratory experiences for teachers and faculty-teacher collaboration in precollege
biolegy curriculum development.

Fisk University, Mashville, Tennessee

$550.000 in support ¢. (1) a program for juniors to include individualized instruction on the basic principles and applications of various biological
and biochemical techniques in the life science research, supplemented with lectures, mentoring, and other activities, followed by independent
research with faculty mentors. and opportunities to travel to scientific meetings. and (2) laboratory equipment and instrumentation for student
research and general undergraduate biology courses,

Fort Lewis College, Durango, Colorado

$500,000 in support of (I) develupment of laboratery and classroom facilities and the acquisition of scientific equipment for instruction and
undergraduate research in biochemistry. cell and molecular biology, physiology. and macromolecular isolation: (2) increased opportunities for
undergraduates, especially women, Native Americans, Hispanics and hlacks to patticipate in summer research with College faculty: and (3)
expanded research experiences for high school or community college science teachers.

Gettysburg College, Gettvsburg, Pennsylvania

$500.000 in support of (1} an outreack program that will bring kindergarien through F2th-grade teachers from local schaol districts, ineluding
those serving rural students, together with College science faculty to engage in interdiseiplinary, problem-based learning in the biological and
physical sciences, and (2) provide equipment {0 schools to enable students to perform cla..room experiments in modern biology.

—
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Hampton University, Hampton, Virginia

$500,000 in support of (1) a program to atiract and retain underrepresented minority students in scientific fields, by providing a prefreshman pro-
gram of laboratory and elassroom training in molecular biology, laboratory research experiences, and opportunities to present research; (2) cquip-
ment acquisitior:s and laboratory renovations to support student research; and (3) activities to develop high school students’ interest in science,
including laboratory expericnces in biology and chemistry, visits to research laboratories, and guest scientific lectures.

Haverford College, Haverford, Pennsylvania

$600,000 in support of (1) programs for students, including women and members of minority groups underrepresented in the sciences, to provide
summer and academic-year laboratory experiences, interdisciplinary study and research in the biological sciences, and seminars and symposia on
biomedical topics; (2) equipment acquisitions to modernize laboratory courses and introduce new experiments in such fields as biochemistry,
biology, and biophysics; and (3) outreach initiatives, including laboratory and classroom training, for teachers and students from Philadelphia
area middle and high schools, particularly those with significant minority enrollments.

Hobart and William Smith Colleges, Geneva, New York

$550,000 in support of (1) equipment acquisitions and renovations for undergraduate laboratories, such as introductory biology and a microcom-
puter laboratory, and (2) a suinmer research program based on laboratory research groups composed of gne faculty menmber, two upperclassmen,
two undereiassmen, and one prefreshman.

Humboldt State University, Arcata, California

$800,000 to support (1) a program to increase recruitment and vetention in the biological sciences on the part of Native American students from
western states, including California, Nevada, Oregon, Washington, and Montana, through ongoing contact with tribal colleges and schools, support
and mentoring at the University, and on- and off-campus laboratory experiences; (2) equipment acquisitions for teaching laboratories in such
areas as molecular hiology, physiology, and microbiology; and (3) faculty-student laboratory research and opportunities for students to attend sci-
entific meetings and present their research.

Knox College, Galesburg, Illinois

$500,000 in support of (1) instrumentation to develop laboratory courses in such areas as immunology, genetics, and strirctural and cell biology
with a view to imparting scientific principles and techniques to students preparing for independent research experiences; (2) sumner research
opportunities for undergraduates. particularly those from underrepresented ininority groups: and (8) an outreach program that could include
training in mathematic  ad physics for underrepresented minority high school students from the Chicago area.

Morehouse College, Atlanta, Georgia

£1,000,000 in support of a program to provide students from minority groups underrepresented in the science: with the following: (1) precollege
outreach activities for high school students from Atlanta and throughout the United States that include classrocm training in science, mathemat-
ics, and general study skills and hands-on laboratory experiences at the College or at off-cainpus sites, and a pre{reshman program in the sci-
ences; (2) student rescarch experiences from the sophomore through senior year that include summer and academic-year research at the College
and at another institution, as well as opportunities for students to present their research : and (3) laboratory courses in the areas ol plant sci-
ences, molecular genetics, biochemistry, and ecology, enhanced with new equipment and renovations.

Oberlin College, Oberlin, Ohio

$500,000 in support of (1) laboratory renovations and equipment acquisitions to expand and enhance teaching in areas that could include general
introductory biology, chemistry, and neuroscience; (2) summer and academic-year laboratory experiences for students, including women and stu-
dents from minority groups underrepresented in the sciences and opportunities for students to discuss research at a colloquium with visiting sci-

entists and present research results at regional or national conferences; and (3) a program to interest biology majors in science teaching by link-

ing them with College faculty and with local high school teachers in developing instructional materials on specific biological topics to be present-
ed by the students in high school classrooms.’

Ohio Wesleyan University, Delaware, Ohio

$500,000 to support (1) equipment acquisitions and renovations for a teaching laboratory in hotany, micrabiology, and zoology, or in chemistry,
physics, or mathematics; (2) on-campus student summer rescarch, mentoring, and opportunities for students to present researcli; and (3) out-
reach opportunities for precollege teachers and students in the biologicql sciences and other disciplines as they relate to biology.

Saint Joseph's University, Philadelphia, Pennsylvania

$500,000 in support of (1) a summer rescarch program for undergraduates from Saint Joseph's University, women's colleges, and historically black
institutions from the Philadelphia area, to provide student stipends, research supplies, and student travel to professional meetings, and (2) new
and upgraded equipment to enhance instmetion in the core seience curriculum and to implement new laboratory curriculum improvements in
upper-division courses, such as biochemistry and molecular genetics or physiology.

Undergraduate Science Education 7 5 "
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! St. Mary’s University, San Antonio, Texas

$650,000 to support (1) renovations and equipment acquisitions to support the development of laboratory teaching in the biological sciences and
other disciplines as they relate to biology. such as biochemistry, molecular biology, genetics, and organic, inorganic, and physical chemistry; (2)

< yqmmer research experiences for students at off-campus biomedical research laboratories, and student development in the sciences; and (3) lab-
oratory experiences and other opportunities in the sciences for students at San Antonio high schools, including those serving significant numbers
of underrepresented minority students.

Saint Olaf College, Northfield, Minnesota

$500,000 in support of (1) a summer research program consisting of undergraduate laboratory experiences, support for underrepresented minori-
ty students, and research opportunities for Minneapolis community eollege students; (2) equipment for undergraduate laboratory instruction in
introductory and upper-level biology and chemistry courses; and (3) outreach initiatives to enhance science education at the elementary and pre-
college level, including a program (o link teachers from rural and inner-city elementary schools with College faculty.

San Diego State University, San Diego, California

$500,000 to support (1) equipment acquisitions and renovations for introductory and upper division teaching laboratories in disciplines that could
include biostatistics (with an undergraduate computer laboratory), general biology. cell and molecular biology, microbiology, and physiology; (2)
programs for students, including women and underrepresented minorities, such as training for prefreshmen and transfer students, undergraduate
support, and other activities; and (3) outreach to San Diego schools that may include laboratory experiences for secondary-school science teach-
ers and activities for primary and middle school students.

Smith College, Northampton, Massachusetts
$600.000 in support of (1} equipment acquisitions for undergraduate laboratories, such as cell biology and regulation, immunology, neuroseience,
and other scientific diseiplines; (2) a summer undergraduate research program, to include student stipends, research supplies, and travel to pre-
sent research results: and (3) the integration of two outreach programs to provide access for high school girls into undergraduate science pro-
grams, through activitics such as a girls’ summer residential science program and the provision of resources and experiences for high school

- teachers and counselors. ’

Southern University and A&M College at Baton Rouge, Baton Rouge, Louisiana
$700,000 to develop an outreach program for precollege students in the Baton Kouge area to attract academically talented F0th-, 11th-, and 12th-
grade students, particularly females and those from minority groups underrepresented in the sciences, into careers in research or medicine.

Swarthmore College, Swarthmore, Pennsylvania

$650,000 in support of (1) research experienees in faculty laboratories for students. including women and members of underrepresented minority
groups. opportunities to travel to scientific meetings, a seminar sevies on interdisciplinary research. and other activities; (2) new instruments to
equip laboratories for courses in areas such as physiology and molecular biology: and (3) outreach activities, to include summer research experi-
ences in College laboratories for teachers and students from local high schools, including those with significant enroliments of underrepresented
minority students.

Tougaloo College, Tougaloo, Mississippi

$500.000 to support (1) new equipment and laboratory renovations to provide students with hands-on, experiment-oriented instruction in areas of
the biological sciences including genetics, molecular biology, and physiology, and to upgrade teaching in chemistry and physics: (2) support for
students that includes opportunities to participate in laboratory experiences during the summer and academic vear: and (3) summer and week-
end laboratory and elassroom training in science and mathematies for students and teachers from high schools in the Jackson area.

Tuskegee University, Tuskegee, Alabama

$500,000 in support of (1) renovation of biology and chemistry teaching laboratories and creation of a learning center emphasizing computer-
based instruction in biology and chemistry, and (2) expansion of a program that provides students with prefreshman laboratory and classroom
training in the sciences. ongoing courses and seminars to strengthen research skills, and research experiences at university, government, and
other off-campus laboratories. ’

Union College, Schenectady, New York

$500,000 to support (1) laboratory renovations and equipment acquisitions to strengthen teaching in such areas as biochemistry. molecular genet-
i¢s. protein strueture and function, and physics, using biological examples: (2) precollege and outreach programs that could include summer sci-
ence workshops for elementary, middle, and high school teachers, local support groups for science teachers, and other activities; and (3) lahorato-
ry research opportu. **‘es for students. including those from minority groups underrepresented in the seiences,
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University of Puerto Rico Cayey University College, Cayey, Puerto Rico

$600,000 to support a progrant te attract and retain Hispanic students in the sciences, to include (1) faculty mer ing and summer research
experiences for students in on-campus laboratories during their freshman vear and opportunities to work in laboratories at research institutions
in the United States during the sophomore year; (2) renovations and instrumentation to enhance laboratories for science courses in such areas as
biochemistry, cell and molecutar biotogy, and developmental biology, and for undergraduate and precollege research experiences; and (3) a sum-
mier training program in scientific principles, methodology, and techniques for students prior to their freshman year.

University of Puerto Rico Mayaguez Campus, Mayaguez, Puerto Rico

$500,000 to support a program to { 1) renovate a laboratory facility for undergraduate instruction in such areas as cell physiology, virology,
immunoloegy, and molecular gesetics, and acquire equipment for courses in mujors and nonmajors general biology, and genetics and struetural
biology: (2) enhance student research experiences to provide opportunities for students to attend scientific meetings; and (3) conduet introduc-
tory workshops in molecular biotogy for local high school biology teachers.

University of Puerto Rico Rio Piedras Campus, Rio Piedras, Puerto Rico

$500,000 to support (1) research opportunities for undergraduates on campus and in off-campus laboratories of pharmaceutical companies and
government agencies, a peer tutoring program in chemistry, physics, and mathematics for undergraduates, and expansion of pre-{freshman sum-
mer workshops in mathematics to enhance quantitative skills, problem-solving abilities, and analytical reasoning; (2) enhancement of laboratory
cotirses and introduction of molecular hiology techniques through equipment acquisitions; and (3) production of educational science videos for
elementary and intermediate school students, a mathematics research seminar and symposium for junior and high school stuseds during the
summer and acadeniic year, and a science competition for junior high and high school students throughout Puerto Rico.

University of Texas at El Paso, El Paso, Texas

$85(1,000 to support (1) equipment acquisitions and laboratory enhancements for courses at the introductory through upper-division levels in cel-
jular and molecular biology, immunology. physiology, and plant biology; (2) laboratory training and research experiences for students in their
sophomore through senior years = iding on-and off-campus laboratory opportunities and support for travel to scientific meetings: (3) a student
development program in th -5 that provides prefreshman workshops in the sciences and in geneval study skills and contimtes through the
undergraduate years with sacalty and peer mentoving, science seminars and symposia, and preparation for and assistance in applying to graduate
or medical school,

Ursinus College, Collegeville, Pennsylvania

$500,000 in support of a program to include (1) scientific instrumentation to support student lahoratory experiences in cell and molecular biology
and organismal systems and a new approaeh to introductory biology teaching through a team approach to scientific problem solving, and (2) ini-
tiatives to prepare undevgraduates, especially underrepresented minority groups, forupper-level curriculum in the scienees through financial and
academic support for incoming students, a prefreshman bridge program, and tutoving activities.

Wellesley College, Wellesley, Massachusetts

$850.,000 in support of programs (o attract and retain women in the sciences, to inchude the following components: (1) summer research opportu-
nities, in collaboration with a faculty mentor, for women and minority stiudents underrepresented in the sciences; (2) equipment acquisitions to
strengthen classroom and laboratory instruetion in biology and chemistry at the introductory level; and (3) programs to enhance the quaiity of
precollege science education.

Wesleyan University, Middletown, Connecticut

$500.000 to support (1) equipment acquisitions and renovations for a teaching laboratory in botany, microbiology, and zoology, or in chemistry,
physics, or mathematics: (2) on-campus student summer research, mentoring, and opportunities for students to present research; and (3) out-
reach opportunities for precollege teachers and students in the biological seiences and other disciplines as thev relate to biology.

Western Maryland College, Westminster, Marvland

$500,000 in support of (1) updated and enhanced laboratory instrumentation for undergraduate courses in molecular modeling and cell biology,
and other courses in biology and hiochentistry: (2) an expanded outreach program engaging Baltimore-area high school students and teachers in
studies of the biology of the Chesapeake Bay, using the bay as a science labovatory; and (3) broadening opportunities for student laboratory expe-
riences through on- and off-campus collaborations, to include student stipends, housing, and travel to present research results.

Wheaton College, Wheaton, lllinois
$550,000 to support (1) a program to attract and retain students, particularly those from minority groups underrepresented in the sciences at
inner-city Chicago schools, through laboratory instruction in biology, chemistry, and mathematics, tiutoring, and peer counseling by college stu-

dents from similar backgrounds; and (2) acquisition of laboratory equipinent and computers for data analysis, simulations, and other applications,
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Williams College, Williamstown, Massachusetts

$500,000 in support of (1) equipment and renovations for introductory biology laboratoriés and c¢lassrooms, and equipment for interdisciplinary
biology programs in neuroscience, biochemistry and molecular hiology, or hiophysics, and for a science and mathematics resource center; (2) out-
reach activities, such as the expansion of a high school outreach program and development of an elementary school outreach program involving
curriculum development and a summer camp for children in grades one through six; and (3) an expanded summer research program for under-
graduates.

Wofford College, Spartanburg, South Carolina

$700,000 to support the following activities: (1) expansion of a two week summer residential precollege science program for gifted 6th-, 7th-, and
8th-graders from seven school distriets in Spartanburg, South Carolina; (2) the acquisition of instructional laboratory instrumentation for teach-
ing undergraduates the analysis uf biological, chemical, and physical systems; and (3) a summer research program to include research teams con-
sisting of College faculty, Wofford undergraduates, and middle/high school students.

Xavier University of Louisiana, New Orleans, Louisiana

51,400,000 to support a program for attracting and retaining students in the sciences, including women and members of underrepresented minori-
tv groups. through the following activities: (1) academic development and other cuy;:ort for biology and chemistry majors. to include financial
assistance for freshmen, academic advising for biology and chemistry students th rougl counseling and tutoring, and placement into summer fabo-
ratory research programs, and (2) summer academic enrichment programs in biology. chemistry, and mathematics for students from the 9th
through 12th grades primarily from metropolitan New Orleans, and support for junior and high school teachers to develop new teaching materials,
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’Dle Institute has developed sev-
eral initiatives in precollege science
education, principally to encourage
students to choose scientific
careers, to provide research oppor-
tunities and new teaching tools to
teachers, and to address national
concerns about the low level of gen-
eral scientific knowledge and inter-
est among both school-age and
adult populations. Among the fac-
tors considered in the development
of these programs are the major
findings of the Institute-supported
National Research Council study
Fulfilling the Promise—Biology Edu-
cGtion in the Nation's Schools. In
addition, new national initiatives in
science education and the results of
precollege-oriented outreach activi-
ties currently supported under the
Institute’s undergraduate science
education program have heen taken
into account.

The Institute’s initiatives are
designed to stimulate the scientific
community to work with teachers,
school administrators, other educa-
tors, and students at all school lev-
els. The main objectives are to stim-
ulate children’s interest in science
and to improve science education
through revision of curricula,
improvement of classroom prac-
tices, enhancement of teacher edu-
cation (initial and continuing), and
augmented teacher recruitment.
The newest Institute initiative in
precollege science ceducation
encourages a larger role for practic-
ing scientists in every aspect of cdu-
cation reform, from texthook devel-
opment to teacher training,

Preeollege and Public Seience Education

Precollege and Public Science Education

c R

Precollege Science
Education Initiative for
Museums

In 1991 the Institute announced its
first round of competition for a pro-
gram in the area of clementary and
secondary school education—a pro-
gram of precollege science educa-
tion grants for museums. The first
awards, totaling $6.4 million, were
made in June 1992 to 29 institutions,
including children’s and youth
museums, natural history museums,
and science and technology centers.
In 1992 the Institute announced a
second round of competition,
extended to include not only science
museums but also # .aria, botanical
gardens, and zoological parks. A
total of $4.25 million was awarded in
August 1993 to 22 institutions.

Throughout the science museum
program, the Institute has awarded
$10.65 million to 51 institutions,
including science museums, aquaria,
botanical gardens, and zoos (Figure
42). Of this amount, approximately
53 percent is going to children’s and
youth activities, 33 percent to teach-
ers and curriculum development,
and 14 percent for science outreach
to families and communities.

With a major focus on elementary
school-age children, this initiative
complements the precollege out-
reach activities funded through the
Institute’s undergraduate science
education program. These have
been geared primarily 1o secondary
school students and teachers. The
new initiative is intended to further
the cfforts of museums and related

9
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Figure 42

..~
Precollege Science Education Initiative for Museums,
Awards to 51 Institutions Including Aquaria, Botanical
Gardens, and Zoos ($10.65 million), by Program
GComponent, 1992 and 1993 Competitions

Families/community groups
$1.55 million (14%)

Teachers/curriculum
3.5 million (33%)

institutions in developing science
education programs for children and
youth, for teachers, and for families
and community groups.

Natural history museums, acuar-
ia, botanical gardens, and zoos offer
a variety of education pfograms for
children ‘on topics related to organ-
ismal biology, ecology, genetics,
and evolution—subject areas widely
recommended for emphasis in the
early and middle school grades.
These institutions also employ
interactive exhibits to foster certain
types of learning styles (e.g., curios-
ity-motivated and exploratory learn-
ing) that are not easily nurtured in
formal school settings. For many
children and their families, living

Children and youth
$5.6 million (53%)

collections are the primary source
of informal science educatiou.

Museums and related institu-
tions also train teachers and assist
them in instructing their students to
develop problem-solving skills and
curiosity in settings where they can
enjoy learning through exploration.
Further, these institutions play sig-
nificznt roles in stimulating parental
and communal involvement in the
science education of children and
youth. Among the activities of par-
ticular interest to the Institute are
those involving dis~4vantaged and
underserved minority youth and
those bringing museum programs
to families and youth groups in
rural and urban areas with limited
science resources.
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Science Museum Program Directors

Meeting

A meeting of the science museum
program directors was held Sep-
tember 13-15, 1993. There were 57
attendees from 29 museums that
received Institute awards in 1992.
The meeting focused on how muse-
ums can create partnerships in sci-
ence education at the state and local
levels with schools, families, youth
organizations, and community
groups (Figure 43).

Figure 43

1993 Precollege Program Director Meeting

Program Synopsis

The keynote address was given
by Dr. Robert Hazen, a geophysicist
at the Carnegie Institution of Wash-
ington and coauthor of Seience Mat-
ters. Dr. Hazen made a strong case
for science education activities
through which average citizens,
regardless of vocation, will come to
understand the scientific concepts
reported in the news and relevant to
their daily lives in matters of health,
the environment, and even the
economy. Museums meet a special
need in regard to this goal because
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of their emphasis on interactive
exhibits and their connection with
young audiences and their families.

The diversity of the institutions
and communities involved in this
initiative has preduced a variety of
approaches to forming science part-
nerships. Underlying similarities
were evident. however, as partici-
pants described strategies. chal-
lenges. successes, and future objec-
tives of their programs. In many of
the sessions, discussion focused on
collaboration with schools, recruit-
ment of girls and minorities for pro-
grams. orchestration of effective
outreach endeavors, and changing
the perception of the museum’s role
in science education.

The meeting was enormously
beneficial to the participants, many

Figure 44

Precollege Science Edcatio Ini

of whom do not have the resources
to attend national conferences. It
provided an exceptional opportunity
to meet colleagues and consult on
program activities. It is clear that
Institute support will have a con-
structive impact as the museums
develop science education pro-
grams addressed to elementary
school children and their parents
and teachers. Institute support has
been an iiaportant catalyst for such
programs in the instilutions’ com-
munities. Conference proceedings
will be published early in the spring
of 1994.

Awards, 1993

Under {he museum program, a total
of $4.25 million was awarded in

s

tiative for Museums,

Awards to 22 Institutions, Including Aquaria, Botanical
Gardens, and Zoos ($4.25 million), by Program
Component, 1993 Competition

Families/coinmunity groups
$0.5 million (12%)

‘Teachers/curriculum
$1.4 million (33%)

Children and youth
$2.35 million (56%)

RO
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August 1993 to 22 institutions (Fig-
ure 44). Recipients included chil-
dren’s and youth museums, natural
history museums, science and tech-
nology centers, aquaria, botanical
gardens, and zoos. The awards
were made on the basis of reviews
by an external panel of scientists,
educators, and museum program
experts, with final determinations
by the Institute management and
Trustees. Over the next five years,
these awards will support curricu-
lum enhancement, teacher training,
and science activities for young peo-
ple, with special attention o minori-
ty and disadvantaged populations,
both urban and rural.

Children’s and Youth Programs

The 1993 grants to museums and
related institutions are supporting
programs designed to enhance
young people’s interest in biology
and related disciplines and their
understanding of these fields. All
the projects encourage the partici-
pation of girls and of minorities
underrepresented in the sciences.
Of the $4.25 million, over half—
$2.35 million—is dedicated to activi-
ties for children and youth. Among
the approaches heing supported are
those that encourage the involve-
ment of students in after-school and
summer science activities, includ-
ing educational programs that ease

Precollege and Public Science Education

the transition of underserved minor-
ity vouth from elementary to sec-
ondary school, and programs for
vouth in both rural and urban areas
(Figure 45).

Figure 45

Children’s and Youth Programs

Audubon Institute, New Orleans, Louisiana

Avearlong life science immersion program will be provided for 540
upper-elementary public school students over the five-year grant period.
The program will also include professional development activities for
classroom teachers at participating schools and a family component for
adult role models to engage in science activities with their children.

Chicago Academy of Sciences, Chicago, Illinois
Science Scene: KIDS and TEENS is an outreach program that aims to
cnhance hiology and ecology education for 324 disadvantaged minority
teenagers and children. The Museum’s resources will be combined with
those of Nort hwestern University Medical School and the social service
resources of the Chicago Housing Authority. Science Seene will create an
environment conducive to science learning and inquiry.

Children’s Museum, Boston, Massachusetis

Inquire Within: A Personalized Approach to Environmental Exploration
will be developed in collaboration with the Boston publie schools. Partiei-
pants will be approximately 400 5th-grade students and teaehers, and the
children’s families will also take part. The explorations start with develop-
ing an understanding that one's body responds to environmental stimuli.

Pratt Museum, Homer, Alaska

Honser IZ._ 4 School, using the skeletal remains of a salvaged whale as wel:
as human and marine resources unique to the area, will develop a multi-
disciplinary approach to science education. Study of the natural history of
whales will range from lacal marine biology to hroader issues of ocean
conservation. Through an interdisciplinary, hands-on approach, current
regional work in marine science will be explored.

South Dakota Discovery Center, Pierre, South Dakota
An outdoor ecostudy area will be developed on [ive-acre Discovery Island
in the Missouri River. The Center will prepare a K-12 seience education
program to study (1) water quality and its cffects, (2) the biology of the
wetlands, (3) the ecology of the Missouri Basin, and (4) advanced topics
in high school biology. Eventually the program will he available to all of
the area’s rural and reservation schools.

A number of the funded propos-

als involve organized collaborations
between museums, aquaria, botani-
cal gardens, zoos, aid scheols. In
such coupling, activilics may take
place at either site—e.g., ficld trips,
classes, demonstrations, sponsor-
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Figure 46

Teacher Training and Curriculum
Enhancement

Academy of Natural Sciences, Philadelphia,
Pennsylvania

Teaching resource kits. containing materials from the Academy’s collec-
tion, and curriculum materials will be developed to enable science teach-
ers to introduce object-oriented inciruction into their classrooms. The
project is directed to middle school teachers and students, grades 5-8. in
the Philadelphia area.

Missouri Botanical Garden, St. Louis, Missouri

Forty elementary teachers each year will learn organismal and ecological
biology, practicing with participants in a summer science camp and incor-
porating instractional improvements in their classro s, In addition, 240
inner-city ctildren will be trained in these fields. A hands-on investigative
approach to teaching will be used throughout.

National Aquarium in Baltimore, Baltimore, Maryland
Support will g to the Baltimore public schools to imple ment STARS (sci-
ence: thinking, application. and research skills), a new science curriculum
designed to meot the needs of urban children. The Aquarium will enhance
the background of elementary school teachers through workshops, field
experiences, and kits, Fnrichment classes will be provided for 2nd- to
Jth-grade students, 89 percent from minority groups.

New York Hall of Science, Corona, New York

Seventh-grade life science teachers will be trained in microbiology and
furnished with materials, equipment, and a support system. Tupies of
teacher training will include microscopes, collection and maintenance of
micreorganisms, pathogens and the immune response. and the ethics of
genetic engineering. A hands-on. interactive approach to teaching and
learning science will be used.

Staten Island Children’s Museum, Staten Island,
New York

Staten Island elementary school teachers will he supplied with training
and tools to teach science in an imaginative and engaging fashion, The
Children's Museum will off » science resources for hands-on seience
experiments, teacher training in the use of visual and dramatie arts for
teaching science to elementary school children, and an eight-week Muse.
wite restdency at each school,

ship of science clubs, and loans of
materials, exhibits, or artifacts.
Another significant focus is on proj-
ects that involve students in a vari-
ety of science-related experiences—
research experiments, docent or
“explainer™ activities, exhibition-
related opportunities, etc.—hegin-
ning in elementary school and con-
tinuing through the secondary
school years. In many of these pro-
grams, efforts will be made to
involve older children in teaching
science to younger ones,

Teacher Training and Curriculum
Enhancement

The Institute's initiative for precol-
lege science education is intended,
in part, to provide opportunities for
pre-scrvice preparation and in-ser-
vice training for teachers of biology
and related disciplines. Many of the
activities funded in 1993 involve
development or distribution of
instructional materials and/or
teacher (raining. with the primary
focus on in-service initiatives. Of the
$4.25 million, $1.4 million is dedicat-
ed to teacher- and curriculum-relat-
ed activities” (Figure 46). Through
support from the Institute grants, a
significant number of institutions
will develop inquirv-based instrig-
tional materials and kits, with an
emphasis on distribution ta teach-
ers working with limited resources
in rural and urban environments. In
many cases. the Institute’s grant
will ¢nable biology educators to
establish and maintain precollege
science education programs.
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[amily and Community-Oriented
Programs

Recognizing that parental and com-
munity involvement in science edu-
cation will foster young people’s
interest in science, the Institute des-
ignated family and community-
oriented science education activities
as a major priority for the 1993 initia-
tive (Figure 47). Of the $4.25 mil-
lion, $500,000 is for family and com-
munity group activities, The new
grants are supporting a variety of
exciting approaches involving fami-
lies, youth organizations, and com-
munity groups in the educational
activities of museums and related
institutions. Some of the projects
provide opportunities for parents
and other child care providers
(after-school program directors,
church groups, Girl and Boy Scout

Figure 47

Family and Community-Oriented Programs

Health Adventure, Asheville, North Carolina

Biomedical Sciences Discovery Saturdays will rely on retired biomedical
scientists from the North Carolina Center for Creative Retirement to con-
duct weekly sessions. Participants will be disadvantaged and minority
children in grades K—§ and their parents or grandparents. The goal is to
teach 2,000, Families in remote areas will be involved through Tras eling
Trunks, a community outreach program.

Sacramento Science Center, Sacraraento, California

The Community Partnership Science Project. addressed to K-9 students
at risk for school dropout, is a multiyear, inquiry-hased, hands-on pragram
of science instruction. It includes introductory science experiences in
vouth centers, a summer science camp, volunteer work, and paid employ-
ment at the Museuni. The project is targeted to vouth in North Sacramen-
10, an economically depressed area with a 65-percent minority population.

Woodland Park Zoological Gardens, Seattle,
Washington

Volunteers from a local African American church will be trained as
docents. By extending contacts with the minority community, the zov
hopes tn become a community-wide educational resource, During the
grant period, the zoo will offer hands-on classroom presentations and field
trips for some 500 5th- and 6th-graders, Community outreach programs
will be conducted in environmental and wildlife conservation.

leaders, ctc.) to be involved in learn-
ing science with children. Several
grants will support outreach efforts
that bring museum resources to
rural families and youth groups with

as levels of involvement and interest
in learning science among families.
participating schools. and the gener-
al community.

limited science teaching resources.

Evaluation and Assessment

Each vear, grantee institutions are
required to submit an annual pro-
gram report containing information
that focuses on both quantitative
and qualitative measuies. The num-
bers and tvpes of participating stu-
dents. teachers, and families are

Precollege Science
Education Initiative for
Biomedical Research
Institutions, 1994
Competition

Hands-on laboratory experience is

tracked for each grant recipient, and
the status of development of curricu-
lar materials is assessed. In addition,
efforts will be made te determine
more subtle, qualitative, and long-
term impacts of the programs, such

increasingly reccgnized as neces-
sary to learming science and prepar-
ing to teach science. It instructs one
to observe, hypothesize, and theo-
rize, and to develop methods by
which to generate knowledge. It
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Figure 48

1994 Precollege Science Education
Initiative for Biomedical Research
Institutions

Program Areas
mStudent research or hands-on science opportunities
|Teacher training

a1 Curriculum development and implementation

Goals
s Enhancing nrecollege education in biology and related fields

mAttracting students to biology and related sciences by providing
opportunities to work with scientists in clinical and basic
research settings

aDeveloping programs rich in seientific content that incorporate
teaching metheds appropriate to the subject matter and the popu-
lations to be served

mIncreasing intérest in science education and research careers
among girls and minorities, including African Americaus, Hispan-
ics, Native Americans, and other groups underrepresented in the
sciences

mUising the extensive resources of medical schools, academic health
centers, and research institutions to provide teachers with
inc -eased knowledge. iechnical resources, and professional sup-
port

mEstablishing lnng-term partnerships between science-rich institu-

tions and school systems to improve and revise precollege science
education

Eligibility

mAmong the 258 biomedical research institutions invited by HHMI
to submit proposals are:

121 medical schools
45 academic health centers

52 independent research institutions

Awards
mApproximately $5 million in total grants
8 Five-year awartls from $100.000 to $500,000

| (Grant awards will be announced in June 1094
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promotes the concept of biology as
an experimental science, not just
something Lo be learned through
jeclures and reading. Finally, the
collection and inlerpretation of data
are best taught by trial and error,
with opportunities for analysis of
results and modification of experi-
mental design.

The use of laboratories in teach-
ing biology, however, is limited and
has been declining nationally for
many years. Some reasons for this
decline are reductions in school
resources for supplies, equipment,
and laboratory space; lack of labora-
tory experience in teacher prepara-
tion; and the drive io include more
curricular content every year. with
resulting demands on students’
time during the school day. In
response to this educational deficit,
more institutions of higher educa-
tion have opened the doors of their
laboratories to high school teachers
and students, thus offering them
both research experience in well-
equipped and exciting environ-
ments and exposure to working sci-
entists as mentors (o students and
partners to teachers. )

Precollege outreach is a growing
aclivity of undergraduate and grad-
uate academic institutions. In recent
years medical schools, teaching
hospitals, and independent research
institutions have also taken an inter-
est in providing science education
outrcach to schools in their commu-
nities, recognizing that the futurc of
precollege science education is
dependeut, in part,-on the active
participation and interest of scien-
tists and engineers.

(S . J Grants for Science Bducation, 1994
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Virtually evervy community with a
medical school or research organi-
zation views that institution as
among its most respected and eco-
nomically important assets. The fac-
ulty and staff include many trained
professionals who can influence
‘educational policies and practices,
especially as they pertain (o prepar-
ing young people for future careers
in medicine and biological research.
In addition, many mecdical schools
are located in inner cities and thus
offer opportunities to youth current-
ly underserved in mathematics and
the sciences.

With these facts in mind, the
Institute expanded its support for
precollege science education to
include other science-rich institu-
tions with a potential for science
education outreach to students and
teachers (Figure 48). The 1994
grants competition is open to med-
ical schools, academic health cen-
ters, and independent research
institwtions. Since the purpose of
the initiative is to provide hands-on
research experience and science
cducation for students and teach-
ers, eligible institutions must have
an aclive research program with
staff members on site who are will-
ing to give their time and effort to
the program. Within an academic
health center, research hospitals as
well as medical schools qualify and
were inviled to ¢ mpete.

As with the 1992 and 1993
awardls, proposals will Le evaluated
by an external panel of scientists,
science cducators. research and
education administrators, and oth-
ers with relevant expertise. The

Precollege and Public Scienee Education \

advisory panel’s evaluations and
recommendations are reviewed by
the Institute management. Recom-
mendations are then made to the
Trustees, who authorize funding. It
is anticipated that up to $5 million
will be awarded under this initiative
in June 1994. All grants will have a
five-year term and are expected to
range from $100,000 to $500,000.

Woodrow Wilson National
Fellowship Foundation,
National Leadership
Program for Teachers

The Woodrow Wilson National Fel-
lowship Foundation, based in
Princeton, New Jersey, was estab-
lished after World War II to encour-
age people (o enter college teach-
ing. To date, more than 18,000 fel-
lowships have been awarded to this
end. In the mid-1970s the Founda-
tion created a teacher fellowship
program in which selected liberal
arts graduates were recruited and
trained for secondary-school teach-
ing careers. These fellows obtained
teaching experience and completed
graduate studies.

In the early 1980s the Founda-
tion switched its training emphasis
altogether from college teachers to
precollege teachers. Earlier teacher
fellowship piograms were replaced
with a program for exceptional scc-
ondary school teachers, called the
Science and Mathematics Leader-
ship Instituies. The purpose is to
create cadres of teacher leaders to
disseminate new knowledge and
approaches to teaching on a nation-

u)
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Figure 49

Woodrow Wilson National Fellowship
Foundation, National Leadership Program
for Teachers

Award
w $1.6 million

wThree-year grant term (June 1993-August 1996)

Summer Biology Institute at Princeton University
= Four-week institute
wFifty teachers selected in national competition

w [ntensive research and lecture experience in biology. Past insti-
tutes included these topics:
A Further Look at Biotechnology
Immunology and Vaceine Development
Evolutionary Biology
wDevclopment of curricular materials and laboratory manuals for
dissernination. Previous laboratory exercises included:
Demonstrations using Agrobacteriam tumors
Clonal lineage experiments with transposons in tobacco plants
Characterization of HLA types
Examination of antibiotic resistance of bacteria
Isolation of DNA

One-Week Summer Qutreach Institutes
mTwenty-eight sites
wApproximately 40 teachers per site

mSite selection based on present lack of opportunities for teacher
fraining

wMaster teachers sclected from four-weck sumn:er institutes to
present and explain materials

64

(%)

RIC

Aruitoxt provided by Eric:

al basis. Participants are selected
through a national competition on
the basis of demonstrated leader-
ship abilities. Some are chosen to
take the results of the four-week
institute into the field the following .
summer and teach one-week sum-
mer outreach institutes around the
country.

HHMI awarded a three-year
grant of $1.6 million to the Founda-
tion to fund summer institutes for
high school biology teachers (Fig-
ure 49). The award will support an
intensive four-week summer insti-
tute in biology for 50 such teachers.
In 1994 the program will be extend-
ed to various sites around the coun-
try, through outreach by teachers
who have attended the summer
institute. Through these institutes,
narticipants who have been recog-
nized locally for their excellence in
teaching are given the opportunity
to interact with other exceptional
teachers.

Precollege Science
Education Initiative for
Museums—Overview, 1992
Awards

The 29 institutions receiving funds
in 1992 submitted their first set of
annual program reports in May
1993. For many institutions, the first
school year of the Institute-funded
program was just ending, and for
others off~ring summer courses,
emphasis was on planning rather
than implementation. The reports,
however, give a preliminary view of

] Grants for Science Education, 1094
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Figu ce 50
S SR
Museum Program: Teacher Participation, 1992 Awards

Number of teachers
3,500
3,000
2,500

2,000
1500
1,000

500

Minorities Women All

Figure 51

Museum Progra: Student Participation, 1992 Awards

Nuraber of students
40,000
35,000
30,000
25,000
20,000
15,000
0,000

5000

0

Minorities Girls All
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Figure 52
]

Museum Program: Student Participation by Grade

Level, 1992 Awards

Grades 9-12
(6%)

Grades 4-5
(34%)

Figure 53
- - -~~~ .|

Museum Program: Adult (Family) Participation,
1992 Awards

Number of adults
4,500
4,000
3500

3,000 h
2,500
2,000
1500
1,000

500

0

Minorities Women All
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the magnitude and diversity of the
programs.

In the first year of the initiative,
about 37,000 students, 3,370 teach-
ers, and over 4,300 adults (family)
participated in Institute-funded pro-
gram activities. Of the teachers, 28
percent were minority and 56 per-
cent women (Figure 50). Of the stu-
dent participants, 28 percent were
minority children and 50 percent

were girls (Figure 51).

Over half of the students
involved in the science education
programs (51 percent) were very
young—opre-kindergarten to 3rd
grade—confirming the Institute’s
commitment to provide exposure to
science at the earliest school levels.
An additional 34 percent of the chil-
dren were in grades 4 and 5, and 9

Figure 54

percenl were in grades 6 and 8.
Only 6 percent were in grades 9
through 12.(Figure 52).

Nearly half of the children enter-
ing the museum programs did so
through other schools. The remain-
der took part, in general, on site at
the museum. Other venues for
museum outreach included pro-
grams offered in community cen-
ters, shopping malls, and libraries.
Minority participation in family-cen-
tered programs was close to 40 per-
cent (Figure 53). Participation often
took thie form of classes or work-
shops, or collaboration with teach-
ers and museum staff members in
outreach programs.

The second reporting year
(1994) will provide more compre-
hensive data. Some trends will

- |
Summary of Local Science Education Grants,

Year(s) Program Awards
(total to date)

1990-1094 Montgomery County Public Schools 3611,000
Student and 7 eacher Intern Program
at the National Institutes of Health

1990-1993 Cold Spring Harbor Laboratory $219.500
Biotechnology Program with the :
Montgomery County Publi¢ Schools

19901995 Howard Hughes Medical Institute $300,000
Summer Research Fellowship Program
at the National Institutes of Health

1990-1995 Carnegie Institution of Washington $65,000
First Light Program 2y,

1992, 1993 Maryland Science Week §15,000

1993-1995 ,  Chesapeake Bay Foundation Science 875,000

-~

and Environmental Education Program

with the Montgomery County Public Schools

‘First year of a three-jear progran.

Precollege and Public Science Education

Total $1,345,000__
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begin to emerge regarding partici-
pation rates and participant charac-
teristics, the nature of the pro-
"3
Figure 55
.- -]
Montgomery County Public Schools,
Maryland, Student and Teacher Intern
Program at the National Institutes of
Health, 1392—-1993

Participation

®Three teacher interns and 16 student interns in 1992~1993

Exampies of Student Research Projects in NIH
Laboratories

® Role of the GFAP Basal Promoter in Astrocytes

Solmaz Tadjer-Ardebili
Bethesda-Chevy Chase High School

Franklin Hempel, Ph.D., and
Michael Brenner, Ph.D., preceptors
National Institute of Neurological Disorders and Stroke

®Nitric Oxide Protection

Robert Levendosky
Albert Einstein Iigh School

Paul Russell, Ph.D.. preceptor
National Eye Institute

Examples of Teacher Research Projects in NTH
Laboratories

® A Study of the Binding Potential of One Class of Tetrahydro-B-Car-
bolines to the GABA/Benzodizzepine Receptor Complex in Rat
Frontal Cortex and Cerebellum

Howard Edward Schneck .
Bethesda-Chevy Chase High School

Esther Sternberg, M.D., preceptor
National Institute of Mental Health

® Studying the Murine Leukemia Virus to Advance Understanding of
Reverse Transcriptase

Alix E. Pratt
Albert Einstein High School

Judith Levin, Ph.D., and Robert Crouch, Ph.D., preceptors
National Institute of Child Health and Human Deveiopment

68
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grams, and early successes and fail-
ures.

Local Precollege Education
Initiatives

Since 1990 the Institute has award-
ed over $1.3 million to local precol-
lege science education activities in
the Washington metropolitan area
(Figure 54). These activities range
from intensive year-long research
experiences for high school stu-
dents and teachers to Saturday sci-
ence programs for elementary
school children. In addition, the
Institute annually supports Mary-
land Science Week activities
through the Maryland Scicnce Cen-
ter in Baltimore. By providing
unique opportunities for students
and teachers to gain hands-on expe-
riences in the science classroom
and the research laboratory, the
Institute's local science education
initiatives address national concerns
at the local level regarding the state
of science education.

In 1993 the Institute awarded
three grants for the continuation of
precollege life-science education
projects initiated over the last sever-
al years in the greater Washington,
D.C., area, the local community of
the Institute headquarters. A prima-
ry goal of these grants is to increase
the interest of girls and minority
group members in pursuing science

k]

and science-oriented careers.

In many of the locat science edu-
cation programs funded by the
Institute, partnerships between
schools and scientific and educa-

Grants for Science Education, 1994
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tional resources are unlocking
doors to new ways of learning sci-
ence. Among participating institu-
tions are the National Institutes of
Health, Carnegie Institution of
Washington, DNA Learning Center
of Cold Spring Harhor Laboratory,
and Chesapeake Bay Foundation.
Two of the 1993 grant awards
link area high school students and
teachers with biologists at the
National Institutes of Health in
Bethesda, where participants are

involved in intensive research expe--

riences for a full year. The Mont-
gomery County Public Schools Edu-
cational Foundation, Inc., received a
$150,000 Institute grant to extend
the student and teacher intern pro-
gram initiated as a pilot project in
1990. The grant gives 16 students
and 3 teachers from Montgomery
County high schools an opportunity
to work in NIH laboratories full
time in the summer and part time
during the school year. A grant of
$16.000 was also awarded in 1993 to
the Office of Izducation at NIH in
support of activities related to the
student and teacher intern program
(Figure 55).

Under threc-vear grants to che
Cold Spring Harbor Laboratory
(846,500) and the Montgomery
County Public Schools Educational
FFoundation, Inc. (3173.000), the
Institute has supported week-long
biotechnology laboratory training
institutes for Montgomery County
high school biols gy teachers. To
date, approximately 48 teachers
have participated. In addition. the
grants provide for a van and its
stock of sets of equipment for con-

Precollege and Public Seience Education

ducting classroom laboratories
using recombinant DNA technolo-
gy. Under this biotechnology pro-
gram, the teacher participants are
working to develop curricula and

Figure 56
- |
Howard Hughes Medical Institute Summer

Research Fellowship Program at the
National Institutes of Health, 1992-1993

Summer 1993 Fellows
27 first-time

R®]2 returning

Stipends
mHigh school students, $2,000

® Returning college students, $2,500

Examples of Student Research Projects in NIH and
FDA Laboratories
8 The Expression of paJ in the mye-Induced Tumors of Transgenic
Mice
Jocelyn Gibbon

11-B Woodlawn Secondary Program
Arlington, Virginia

Steven Bauer, Ph.D., preceptor
(*.S. Food and Drug Administration

A deno-Associated Virus as a Delivery System of Protective Genes
Against HIV
Guang-Shing Cheng
[larvard University
(Winston Churchill High School, Class of 1992)
Mary E, Klotman, M.D., preceptor
National Cancer Institute

mNucleotide Binding to Cystic Fibrosis Transmembrane Conductance
Regulator anu Associated Proteins
Charles Andrew Fox
Universily of Marnvland
(Jewish Day School, Class of 1991)
Harvey B. Pollard, M.D., Ph.D., precoptor
National Institute of Diabetes and Digestive and Kidnev Diseases
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student laboratlory exercises on
microbiology and bicethics.

The Institute is also supporting
summer research experiences for

Figure 57

Chesapeake Bay Foundation Science and
Environmental Education Program with
the Montgomery County Public Schools

Award K

®$295,000

mThree-year grant term (August 1993-August 1996)

m Collaborative program between the Montgomery County Public

Schools and the Chesapeake Bay Foundation for science and envi-
ronmental education activities

Field Programs for Elementary Students

w Approximately 2,000 County students each year

m Sixteen Bay-wide programs of field experiences aboard hoats,

along streams, and in watershed marshlands
Take physical, chemical, and biologic samples

Make observations, operating spectrophotometers and other
equipment

Learn aquatic chemistry, oyster productivity, fish migration, and
changes in disease rates of aquatic animals

Learn how to keep records and to collate and analyze data

Training for Secondary Science Teachers

m Summer teacher training workshops

m Environinental science as a focus

|
|
{ w Six weeks
|

Globa] Ecology Program for Students

m(Grades 9-12

m Four-year program in mat hematics and science at Poolesville

Junior/Senior High School

w Interdisciplinary investigation of the earth’s ecosystem at the

Aruitoxt provided by Eric:

local, regional, national, and international levels

high school students and under-
graduates under the local grants
program (Figure 56). Through a
five-year grant awarded in 1990 to
the Foundation for Advanced Edu-
cation in the Sciences at NIH, about
35 local high school students each
year spend their summers doing
biology research in NIH laborato-
ries al Bethesda, Maryland. The
grant also enables several of the
participants to return to NIH labora-
tories after their first or suhsequent
years in college.

A §295,000 three-year grant to be
shared by the Chesapeake Bay
Foundation and the Montgomery
County Public Schools supports a
collaborative program for science
and environmental education activi-
ties (Figure 57). The Bay Founda-
tion and the County schools have
worked together on science pro-
grams since 1975, Each year, about
2,000 County students will join
Foundation educators and scientists
in 16 Bay-wide programs of field
experiences aboard boats, along
streams, and in watershed marsh-
lands. Trip activities include taking
physical, chemical, and biologic
samples, making ohservations,
operating spectrophotometers and
other cquipment, and learning
aquatic chemistry. Students are
taught how to keep records accu-
rately and to collate and analyze
data, particularly data concerning
trends in aquatic chemistry, oyster
productivity, {ish migration, and
aquatic-animal discase rates. Coun-
ty teachers take part in the summer
teacher training workshops, which

Grants for Seience Education, 1994
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will be expanded under the Institute
grant.

The grant also supports collabo-
ration between the Chesapeake Bay
Foundation and the Global Ecology
Program a: Poolesville Junior/
Senior High School in Montgomery
County, an innovative four-year pro-
gram in mathematics and science
that encompasses an interdiscipli-
nary investigation of the earth’s
ecosystem with emphasis on hio-
chemistry. Because the program

fratures the Chesapeake Bay in its
curriculum, strong cooperation with
the Chesapeake Bay Foundation
will enhance the effort,

A new local activity established
by the Institute is a series of holiday
lectures for high school students.
The lectures are held in the confer-
ence center at Institute headquar-
ters in Chevy Chase, Maryland. The
speakers are scientists who are
known to be effective in communi-
cating science to the general public

Figure 58

Howard Hughes Medical Institute Holiday Letures on Science

Howard Hughes

Medical Institute
Holiday Lectures
on Science

Monday. December 20 and
Tuesday. December 21, 1993

10:00 a.m, — 12:15 p.m.

HHMI Conference Center
4000 Jones Bridge Road
Chevy Chase. MD
20815-6789

This firsl in an annal series of Howard Ny es
Medical Institute Buliday Lectures on Scie ce far
high schaal stdents will be delivered by

o Nephen ke Bueles. MDD D.phil. “oward
Hughes Medical Institite Assoce Investigalar
and Associate Prafessor and Co-head of the
Laboratory uf Molecular Biophwsics i The
Rovkefeller Lnisersin in ew York iy, and

o Julin Kagivan. Ph.D. Howard Hughes Medical
fostitule Tnvestigator and Professor of Moleculir
Biophysics at The Rochefeller Uniersity.

Monday, December 20

Molecular Anatomy: First
Visians of New Worlds
Stephen K. Burley

Leamardo da Ve and Chiosipher Colimbts were both
four vears old w1656 whei Halles s Comet br g e might
ke nof their e Tal heraldmg 2 aew age of disanen
Bl upon the serence of ohservuon Tada, structural
Ipwlogists e seent e the fisst unee ans of the male
cules of Ife and makmg their ol eserrsions mi
mctapluncal new world Instead of ships and scalpels,
heoweser, Jhev are nsmg esprerimentl ook dersed from
phvaes and chemisine 1o dissect stind - nudesstand - the
funcnions of protesns and DNV the cell

The Evolution and Variation
of Protein Structure
John Kuriyan

The voyage of the wang maturzthst Charles Darwin sbeard
the 115 Bearghe expmsed It o gopical saldhfe alintost
vnmginable units varieny and splendor e thell of see-
g pndreamed ol phons nd s s dificlt e recag-
wire. bt some of than esaement e regeneraed m o the
modern field of strucural bology Athongh pratem mele-
e~ ae sthowt 1 Idhon umes simaller tan a typreal plant
or i, el s @ precise ad often heatiful three-
il sructnre that lits esalved 1o crn ont & spe
cific funcuon These streictares and funcmns cumpe aver
cwhitioneny e, mudh fke the externad forms of the
Inong ergamsms of wliel e are 2 part.

Lunch
12:15 - 1:30 p.m.

Tuesday, December 21

The Central Dogma: DNA
Makes RNA Makes Protein
Stephen K. Burley

Thronghiemt acel s life, gy INA iheprint s consthed and wner -
preted om0 deelopimental aud enaronmentd sigids
Aecess o this stforsinion s urchetraed by eneerbles of -
senption Bxtors el of protents ti roguze speafic
DNV senquetices and deene wheher die enanee R\ pob-
nientse nafictuns O mesenger RN capeof e pone
Stileyuenth. s RV mesage s nusied by o kange R\
profe.n conples. 2 nbasone. Imear cheon of dnino swids
rcreate the proteit ieeded b e cell Deiite the
trementlons complevin of these biochienucal proceses, grug-
wrd stiches of die mscronoleenly e reponsdble o
hoth truperpinm wd  trnskion are already vielding
mporut useins

Structure and Function
of DNA Polymerases
John Kuriyan

In order wy pass genetic mlormation w ihar oftprag, al
fivmy cells most at somie nme make @ dupheae copy of the
genete wfarmation encded i their chromesaes A the
heart of s vephicatuon process are coames known as
DV polymerises These enames eatalyze the polymeriza-
sion uf new miclvic add stesnds hased on the mlormating
encodud e wriginal strand - Xy castallographic
amalsis of the profems that carm aut tis esential tsk 1y
now  begmning 10 el wooa detwled  ructural
mderstuling of the replicuion proces

Lunch
12:15 - 1:30 pm.
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and reaching out to students at the
precollege level.

The first lectures in the series
were given in December 1993 by
Drs. Stephen K. Burley and John
Kuriyan, Howard Hughes Medical
Institute investigators at the Rocke-
feller University. Under the title “Da
Vinci and Darwin in the Molecules
of Life,” they focused on the
three-dimensional structure of bio-
logically important molecules and
their role in health and disease (Fig-
ure 58). Approximately 190 stu-
dents from 80 high schools in the
Washington, D.C., area heard first-

hand about exciting advances in
biomedical research.

For additional information on the
local program grants, including
summaries of the research projects
undertaken by the student-teacher
interns and the summer research
student fellows at the National Insti-
tutes of Health and the Food and
Drug Administration, see Commy-
nity Partnerships in Science Educa-
tion, Washington, D.C., Metropali-
tan Area Precollege Science Educa-

tion Initiatives, January 1994.
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Precollege Science Education Initiative for Science Museums, 1993 Awards

Academy of Natural Sciences......... et e eeni $100,000 National Aquarium in Baltimove ........cocovvveinririennen. $125,000
Philadelphia, »’ennsylvania Baltimore, Maryland
Arizona Museum of Science and Techrology .................$250,000 National Zoological PATK .....c.ccovcerminvcceiies vernmrercreneneenne$ 125,000
Phoenix, Arizona Washington, D.C.
AUdUbOn INSHIEULR v e esr e sesnne $150,000 New Jersey State Aquarium at Camden ..........coeevon §300,000
New Orleans, Louisiana Camden, New Jersey
California Museum of Science and Industry ................ $175,00 New York Botanical Garden ..........cccvvvrieinciniininnnn, $175,000
Laos Angeles, California New York, New York
Chicago Academy of SCIENCES ..vvvirninirirniiriens wone $450,000 New York Hall of Science ... 3405, 00
Chicago, Illinois Corona, New York
Children’s Discovery Museunt of San Jose ......c...ccceive $175,000 Pratt MUSBUM ..o cssnenns $250,000
San Jose, California Homer, Alaska
Children’s MUSEUM ....c.ccovvreeirvicnmnrnmnnernnsensesenes e 52 19,000 Sacramento Science CONer ......ovvcivrnirvesrsnrseenseens $225,000
Boston, Massachusetts Sacramento, California
The Exploratorium ... oo $175,000  Soutit Dakota Discovery Center and Aquarium.............. $175,000
San Francisco, California Pierre, South Dakota
Health AQVERIUTE .....covvvie e s $100,000 Staten Island Children’s Museum ..o ivininnns $125,000
Asheville, North Carolina Staten Island, New York
lrvine Natural Science Center ... nvcnineenn $125,000 Woudland Park Zoological Gardens .......coccovenrvnnee . $150,000
Stevenson, Maryland Seattle, Washington
Milwaukee CoOunty Z00 .....uiviviririeeiienrieressessn e ronne $200,000
Milwaukee, Wisconsin
Missouri Botanical Garden ..., 125,000
St. Louis, Missouri

Precollege and Public Science Educalion 73
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Precollege Science Education Initiative for scierice Museums, 1993 Grant Summaries

Academy of Natural Sciences, Philadelphia, Pennsylvania

S100.000 to produce teaching resource kits and curriculum materials that will enable middle school seience teachers to introduce object-orient-
ed, inquiry-based instruction into their classrooms. The kits will contain natural history specimens from the Academy's exhibit colleetion,
Accampanying curriculum gaides will provide lesson plans and sugges(ed activities to promote inquiry and discussion. Up to 400 teachers will be
trained. and 40,000 students, grades - -8, will be reached in the greater Philadelphia area.

Teachers wiil receive pedagogic arientation and training in the use of the kits, Real specimens will he used to stimulate learning in such topics
as animal behavior, life eyeles, and relationships betsveen animals and theiv — oitats, drawing on the Academy’s expertise in aquatic ecology
research. The lessons will be designed to encourage all students to participate, including those who do not thrive in traditional classroom
settings.

Arizona Museum of Science and Technology, Phoenix, Arizona

$250.000 ta create Desert Web, a five-vear interactive science outreach program for minoiity and disadvantaged children. including those study-
ing English a: a second language. Teacher workshops will cover the integravion of hands-on experimen:s and projects into the Ist- through
Jrd-grade curriculum in targeted school districts of the Phoenix area. Desert Web will include in-service class tinie of Museum staff members.

‘The program will use desert-related seienees to encourage students to explore, question, and invesigate the world around them. Participating
weachers will receive 16 hours of iitial instruction and 2 hours of subsequent workshops By infusing interactive exhibitty and experimentation
into school curvicula. Desert Wely will attempt to breach the linguistic and cultural barviers affecting some segments of the Arizona

population.

Audubon Institute, New Orleans, Louisiana

$150,000 to conduet FUN-SCIENCEL & yearlong life science immersion pregeam for students at tiie Auduboi Zoo and (he Aquarium of the Ameri-
cas, operating entities of the Audubon Institute. Beginning with two neighborhood schools. the program will offer expericential science education
for 540 upper-clementary students from public schools over the fiveyear grant pericd, A majority will come from minovity groups (chiefly
African American) typically underrepresented in the seiences. The program will also inchele professional development activities for classroom
teachers and a family component [or adult role models to endage in seience projec:< with theiv children,

FUN-SCIENCE! will explore life science concepts of ecosystems, adaptation, reprodaction, grovth, and development through the overarching
thentes of survival, species interdependence, and conservation, Students will work elosely with zoo keepers, aquarists, curators, researchers, and
technicians and, through this interaction, will experience first-hand the tools and practice of professional science,

California Museum of Science and Industry, Los Angeles, California

$175,000 t provide a comprehensive educational program for the Museum's inereasingly divevse elientele of children, families, and teachers, To
achieve ‘ts geals, the Museum has formed a partnership with the Los Angeles Unified School District and the University of Southern

California.

Through two live programs, the Museum expects w reach annually over 40,000 childeer «nd adults, including as many as 80 teachers, Your
Insides Out! features hands-on activities and expeviments in hurman biology, Science Comes Alive! is an established interactive assembly pro-
gram addressing more complex physiological problems.

A program for seience teachers will develop and present in-service workshops, Through the University of Seuthern California, an informal sci-
ence education course will be offered for undevgraduate, graduate, and continuing education credit, The live programming and the workshops
will cover topies in human biology such as genetics, the brain, and immunology.

Chicago Academy of Sciences, Chicago, Iilinois

$350,000 to develop Science Scene: KIDS and TEENS, an outreach program that aims to enhance biology and ecology education for disadvan-
taged minority teenagers and children. Scienee Scene will' combine the resources of the museum with those of Northwestern University
Medieal School and the Chicago Housing Authority. It will cover themes and create an ewvirennment condueive to seience learning and inquiry.
KIDS will ofter informal workshaps in seience education to 300 5th- and Gth-grade students from a housing developiment. In the TEENS compo-
nem, Northwester:, medlical students will mentor 24 economically disadvantaged teens from the Chicago public schools, and the Academy will
offer training ta hiology and ecology.

Science Seene will use mentoring to build self-esteem, hands-on experiential learning to generate natweal curiosity, and family and teachey
involvement to ereate a supportive envirenment, As a learning experience, the teens will work in the museam and lead the wovrkshops for the
younger chilidren, The program will provide each age group with appropriate teacher role models who can enconrage the students to work for
their education.
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Children’s Discovery Museum of San Jose, San Jose, California

$175,000 to create and inplement BioSITE, 4 comprehensive environmental research program serving 1,404 tow-income, primarily Hispanie
children, families, and teachers in downtown San Jose, The Museum's [1-acre site on the banks of the Guadatupe River affords an opportunity to
study hoth large- and small-scale variables—manmade and naturally oceurring—and their impact on a unique urban ecosystem. During the
school year, 140 4th- and Sth-graders will participate weekly in an in-depth field work experience.

Children’s Museum, Boston, Massachusetts

$275,000 to support Inquire Within; A Personalized Approach to Environmental Exploration, invelving collaboration between the Children’s
Museum and the Boston public schools, Approximately 400 5th-grade students and teachers, together with the children’s families, will partici-
pate in the five-vear development, testing, and dissemination of materials and activities, The project inclndes summer institutes and workshops
to train teachers in biology and environmental science; family guides and environmental monitoring kits for children; teachers guides and kits
for monitoring body reactions in the schoalyard environinent; and a special program of visits to the Museun’s floating urban environmental edu-
cation center.

Children will first develop an undevstanding that their hodies respond to environmental stimuli, Anatomy, biology, physiology, meteorotogy, and
ecology wil! be addressed through inquiry-based investigations. For example, students will increase their understanding of human anatomy and
physiology through measurement of lung capacity and pulse under varied environmental conditions, using both technologic and child-made
instruments.

Exploratorium, San Francisco, California

$175,000 to develop a multitiered program to enrich education in the biological and biomedical scienees in the San Francisco Bay area. The cur-
riculum will focus on pereeption and the senses neurobiology and the brain; genetics, reproduction, and development; and human body systems.
The project will also develop a model exhibit-based teacher education curriculum with a strong interdisciplinary science base to support the
needs of middle-school science education nationwide. A Biology Teacher [nstitute will be added to the existing Regional Science Resource Cen-
tex, offering a summer component and academic-vear workshops.

Throngh various workshops, (he project will develop a solid core of hiology teachers for the middle schools. The Exploratorium’s biology staff will
work annually with 200 other teachers in the existing midcie and high scho~” ™ acher Institute program. By the end of the project, over 60 mid-
dle school biology teachers will have received intensive training, and 400 addiional scienee teachers will have intevacted significantiy with the
staff.

Health Adventure, Asheville, North Carolina

$100,000 10 conduct a two-part Appalachian bionedical seiences initiative, Biomedical Sciences Discovery Saturdays will draw on vetived scien-
lists from the Noith Carolina Center for Creative Retirement to teach and enhance weekly sessions, Participants—the goal is to reach 2,000—
will he disadvantaged and minority children in grades K— and their parents or grandpareats. Families in remote areas will be involved through
Traveling Trunks, a community outreach program.

Inquiry-based biomedical science activities should stimulate interest in science, health, and the miracle of life, These activities will employ the
museun's new interactive exhibits, which feature hands-on exploration and experimentation, Areas to be covered relate to light and vision,
sound and hearing, the bones and movement, the brain and creativity. Specially designed materials to take home should foster a conti*wing
interest in science and the scientific outlock.

Irvine Natural Science Center, Stevenson, Maryland
$125,000 to support Natuval Connections, a program to train volunteers to work with small groups of inner-city elementary school childven in

outdoor science activities, Seleeted from the Qutdoor Biology Instructional Strategies curriculum, the aetivities will be focused on the character-

istics aud ecology of plants and animals.

Sessions for Jrd graders will be held twice cach season in sehoolyards and local neighborhoods, with teenage volunteers from hi . sehool sci-
ence classes as leaders. During the summer, eight weekly sessions for 8 through 10-year-ofds wilt be offered at recreation centers, aided by
adults recruited from the local comnmunity. In the course of the five-year project, over 600 volunieers and 2,000 children from 20 pairs of schools
and 10 recreation centers are expected to partieipate. Natural Connections is modeled on the Denver Audubon Society’s successful Urhan Bdu-
cation Project.

Precollege and Public Science Bducation
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Milwaukee County Zoo, Milwaukee, Wisconsin

$200,000 to support the Educational Opportunities project to stimalate interest in seienee and promote seientifie literaey for urban minority stu-
dents in grades 3-8, Coordinated with the Milwaukee publie sehools, the projeet will address age-appropriate learning objectives in zoology,
morphology, botany, and ecology. It will emplov curriculum resource packets for classroom activities, six learning zones at the Zoo, a teacher
training component, and a minority internship program,

At the Zoo, students will explore the scientific method with teachers and interns in lving laharatories, The fexrning zones ave an aguarium, an
aviary, reptiles, primates, felines, and animals of Australia. The enrricaluns includes specific activities in lar . e arts, mathematies, and social
studies for pre- and postvisit classroom preparation and reinforeement. Training sessions will assist teaehers ininfegrating the resouree packets
and Zoo experiences into the classroom curriculum, Female and minority role models are empliasized.

Missouri Botanical Garden, St. Louis, Missouri

$125.000 to improve elementary science instenetion in St. Louds, The fiest component of the progra is a teacher training effort in which 40 ele-
mentary teachers wilt learn ovganismal and ecological biology, practicing new knowledge and skills with participants itva summer seience camp
and ineorporating instructionalimprovements in their classteoms, The second conponent will train 240 inner-city children in summer scienee
camps. Coucepts Lo he tanght include ovganism, pepulation, community, ccosystem, siruetural components of the hiosphere, and energy vela-
tionships. A hands-on investigative teachiug approach will be used threughaout the pregram.

National Aquarium in Baltimore, Baltimore, Marvland

$125,000 to provide support (o the Baltimote public sehoot system in implementing STARS (science: thinking, application, and researeh skills),
a pew seience curviculum designed ta meet the needs of urhan children. The Aquarium will enhance the background of elementary school
wachers throngh workshops, field experiences, and kits of support materials, Errichment classes will be provided for 2ud- to Sth-grade students,
8) percent of whom are members of minority populations,

The weeklong in-service workshops will introduee the teachers to life seience as it relates to the STARS curriculum, Grade 2 teachers will study
vertebrate and invertebrate strueture, classification, and adaptation, Sessions with live animals and artifacts will veinforee leetures and Aquarinim
observations. Grade 5 teachers will study the natural and human history of the Chesapeake Bay thwough leetures, observations, and hauds-on
activities.

Naticnal Zoological Park, Washington, DD.C.

$125,000 to conduct multilevel seience education that targets minority populations in five Washingtou, D.C., area schoals, The program, concern-
ing endangered species canservation, will focus on 3,600 students in the 4th, Sth, and 6th grades. Activities inelwde (1) Seientist in the Schools,
an interactive lecture series, (2) teacher/seientist workshops to develop nultisensory activities fov students, (3) class visits to Zoo laboratories
aud theme-related participation with scientists, (4) computer-assisted learning in Zoo-based conservation biology, and (5) selected student par-
ticipation in five-week summer enrichment programs,

For most endangered species, the conservation *puzzle” inchudes ecosvsteny, hehavior, genetie makeup, aud veproductive and health status, The
nwiltisensory activities will integrate impertant coneepts of conservation biology. The aim of the progrant is to promote repeated diveet contaet
between seientist and student, teacher aud family, while correcting miscouceptions about seience and scientists.

New Jersey State Aquarium at Camden, Camden, New Jersey

$300,000 1o support the Camden Aquarium Urban Science Enviehment Program, a five-vear elementary and secondary seliool project integrating
three components: a susumer Science Camp, an after-school Ecology Club, and a high schoof junior staff program, fhe project will provide sci-
ence enrichment activities for undevserved and disadvantaged urban childven in Camden, Forty-two students will participate the first vear. By
the 5th vear there will he over 120 participants, Assuming a high peveentage of veturnees, an estimated totad of 400 students will be involved,
Fhe project will facus on the biology and aquatic ecology of New Jersey and nearby aveas, In particular, students will investigate the habitats
and adaptations of plants and animals commoen to southern New Jersey; properties of fresh-water, salt, and estuarine svstems: the role and
importance of soil in filtration; pollution: conservation: and emerging technologies. Through hands-on activities, field trips, roje plaving, mle
modeling, and high-impact demonstrations, students witl be encouraged to increase theiv knowledge and develop a more positive attitude
toward science.
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New York Botanical Garden, Bronx, New York

S175,000 in partial support of the Childreirs Adventuve Project, designed to offer children immediate experiences with plants and nature in a
safe, discoverv-oriented environmment, The project has two components; the Adventure Garden, where visitars infevact with living plant collee-
tions integrated with explanatory exhihits; and Adventure Trails, a series of activity-based walks through 250 acres of natinal ecosystems, The
prajeet targets urban children in grades K-6, especially those from the immediate community, which primarily comprises minorities inderve
resented in seience,

Three learning objectives are proposed: plants have life requirements, plants experience life processes, and nature is always changing. Using
activity-hased and inguiry techniques, children will interact directly with living plant collections in a variety of settings and will lean about the
wark of plant seientists, The projeet will inelude play activities to engage children who prefer different stvles of lear =" 1 By immediately trans-
ferring lessons learned in the Adventure Garden toa real seale on the Adventure Trails, children will be better equi,.ed to apply the concepts
they have learned to classroom and real life experiences.

New York Hall of Science, Corona. New York

S400.000 to train 350 Tth-grade life seience teachers in mierobiology and to provide materials, cguipment. and an ongoing teacher support sys-
tem, By enhancing instrnetion in microbiology, recently added to the stute's 7th-grade science curriculum, the New York Hall of Science plans to
buitd a eritical mass of tife science teachers for svstenie reform of 7th-grade life seience instruction in the New York City schaoals, Altegether
350 teachers will be trained, each of whom will teach about 100 students per vear, making a total of 85,000 students who will henefit during the
grant perind alene,

Topies of teacher training will include magnification and microscapes, collection and maintenance of microorganisms, fungi as an aporeach to
teaching the micrabial world, microbes as pathogens and the immuone system response, elassroom use of instruet ional videotapes and the
videomicroscope, and the ethies of genetic engineering, A hands-on interactive approach to teaching and learning science will be used. A Hall of
Science exhibit, Hidden Kingdoms: The World of Microbes, will serve as a vesource for project activities.

Pratt Museum, Homer, Alaska

$250,000 10 initiate an inventive, uniquely Alaskan mavine scienee program at Homer High School, Using the skeletal remains of alocally sal-
vaged whale and applyving human and marive vesmirees unique ta the area, the program will develop a multidisciplinary approach to science
education. The planning phase will invalve development of an instractionat program with emphasis an ecean conservation, Then students, scien-
tists, and Musenm staff members will study the whale and assemble the skeleton, saspending it i1 the school commons for exhibition. Through
an outreach program, other schoals and the geneval publie will he intraduced to the whale, ilistrating the results of collaborative, project-ori-
ented seiepee education, Participants in the projeet will include 63 high school students, 10=15 resource people, and 2 instructors, Eventually,
all the stndents and teachers in the distriet will have aceess to the edueational portion of the program.

Study of the natral history of whales will range from lacal marine hiology to hroader issnes of ocean conservation, Through analysis, research,
bone preservation, skeletad articulation, and engineering, students will be directly involved inmuseunywork, Through an interactive, student-
centered teaching approach, the group will explore cavvent regional work in marine science,

Sacramento Science Center, Sacramento, California

$225.000 to suppurt the Commmity Partnership Seienee Project. addressed to K=9 students at risk for school dropout. fhe multivear prograom
includes intraductory seience experienees in community -hased yonth centers, followed hy Summer Seience Camp, vohniteer experience, and
paid employment at the Museum. The project is targeted 1o youth in Novth Saccamento, an economically depressed area with a 65-percent
minority population. It will address theie needs through inquiry-hased, hapds-on seience instruetion in five sponsoving community centers,

Twenty comimunity scienee programs will he offered annnally, reaching 3,660 K-Sth-graders over the grant term. Thirty Gth- to 8th-graders will
attend Summer Science Canp annually: 10 7th- and Sth-graders witl be trained as youth volunteers cach vear; and high school students will
serve as paid explainers at the Museum. Integration of biology with physical and earth seienees will e emphasized. Featured activities will
invalve health, lite seienees, and connections with other diseiplines and curricula areas,

South Daketa Discovery Center and Aguarium, Pierre, South Dakota

$175,000 ta develap an ontdoor ecostudy area on Discovery Island, a five-acie succession island on the Alissouri River, furmed as a vesult of sedi-
nmentation from the Oahe Dam and the channeling of the viver. The Center will also prepare a K-12 seience education program that uses the
ecostudy area to study the biological communities of the wetlands, water quality and its effect on fora and fauna, ccology of the Missouri River
Basin, and advanced topies in high schoot hiology.

AR-12 integrative sefence program will feature hands-on experiments in which students make predictions, colleet data, and interpret findings.
Initially three rural and two reservation pilot schoals will test the program, and eventually it will be avail: ble ta all rural and reservation schools
(122,609 students, including 6,882 Native Americans). An interpretive exhibit and guided walks will be available to all Center visitors,

Precollege and Public Scienee Education
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Staten Island Children’s Museum, Staten Island, New York

$125,000 to provide Staten Island elementary school teachers with training and tools to weach seience inan imaginative and engaging fashion.
The Children’s Museum will offer three interrelated components to four schools: permarient science resource centers (stationary v mobile)
stocked with equipment and materials for hands-on science experiments, combined with Museum-designed activitios, graphics, games, art proj-
eets, ete., for use during and after school; teacher training in the use of visual and dramatic arts for teaching seience to elementary sclivol chil:
dren; and an cight-week Museum residency at cach school, cnliminating in a family science festival, The curriculum will be developed for Brd- to
Ath-graders in collaboration with school and distriet leaders, [t is expected that 12-20 classes will participate during each year of the graat.

The science content of the program will be derived from two Museum exhibits, Bugs and Other Insects and Wonder Water, and will comply with
state and local curricalum requirenients, Strategies for Survival includes metamorphosis, camouflage, adaptation of body parts, and reprodue-
tion, Water and Life includes the vital biologieal functions of water, plant and animal adaptations, and the role of the water evele in the ecosys-
tem, These topies will be investigated through a variety of hands-on classroom projects, including arts-based techniques.

Woodland Park Zoological Gardens, Seattle, Washington

£150.000 to conduct community outreach progranis in envirconmental and wildlife conservation, Volunteers from a local African American
church will be trained as docents so that visitors to the Zoo will find a staff more nearly reflective of the ecal population. By establishing mare
contacts with the minority community, the Zoo hopes to improve its ability to address the entire community and encourage minority groups to
use the Zoo as an educational resource.

During the grant period, the Zoo plans to offer hands-en classroom presentations and field trips for some 500 5th- and 6th-graders, many of

whom are nrinority students. The ehildren will examine animal spacimens, build models, participate in live animal demonstration programs, and
condiiet field observations.
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International Program

International Prograim

In view of the contributions of sci-
enlists abroad to advances in bio-
medical sciences, the Office of
Grants and Special Programs added
an intcrnational focus in 1991 with
its program of vescarch grants for
biomedical scientists in selected
countries. Formerly the internation-
al activities were folded into other
programs, including the predoctoral
and physician postdoctoral fel-
lowships, which are open to U.S, cit-
izens and noncitizens for study in
the United States and to US, eiti-
zens for study abroad. 1Further, the
Rescarch Resources grants Lo the
Cold Spring Harbor and Marinc
Biological Laboratories support
summer courses for scientists and
students from all over the world,

]
Researeh Grants

The international prograin provides
grant support to promising biomed-
ical scientists wha have made signif-
icant contributions to fundamental
rescarch—that is, to the under-
standing of basic hiological process-
¢s and discase mechanisms, These
are oulstanding scientists whose
research carcers are still develop-
ing, rather than those in later phases
of distinguished careers. Awardees
must hold a full-time academic or
research appointment at a universi-
<. medical school, research institu-
tion, or other nonprofit scientific
institution, and must not have sig-
nificant administrative responsibili-
ties,

The five-year grants not only pro-
vide funds for the scientist's

IFigure 59

International Research Scholars, Program

and Award Highlights

Selected Countries
=Spring 1991 awards

Canada
Mexico

wFall 1992 awards
Australia
New Zealand
United Kingdom

Grant Terms
mFive-year term

=390,000 to $100,000 annually*

cquiprent (40 percent.
limit)

personnel+#
supplies
travel (5 percent limit)

indirect costs (10 pereent
limit)

Eligibility Criteria
®Sclected countries

m3ignificant fundamental
research contributions

mCareer still developing

®No Inajor administrative
responsibilities

mNot L1.S. citizen o permanent
resident

Continuing Awards

mCanada
11 grants for 14 scientists
7 institutions
$5.8 million five-vear total

‘mMexico

10 grants for 10 scientists
4 institutions
$5.0 million five-year total

mAustralia

5 grants for 5 scientists

4 institutions

$2.4 million five-year total
mNew Zealand

2 grants for 2 scientists

2 institutions

$975,000 five-vear total
m(nited Kingdom

21 grants for 22 scientists

12 institutions

$10.0 niillion five-year {otal

*n Mexico 22 pereent of each grand is allocaled lo the International Research
Scholars,department, for shared resources,

“*Techunicians, graduale students, and postdoctoral associates. ht Mexico the
gran! may also provide the International Researeh Scholar an annwal salary

supplement of $10,000.
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Figuve 60
.|
International Research Grants,

Program Highlights
Selected Countries Eligibility Criteria
mFall 1994 awards m Eligible Scientist
Belarus publication in an English
Czech Repubii: !anguage peer-reviewed
Jjonrnal
Estonia . .
H career still developing
um.;ars no major administrative
Latvia responsibilities
Lithuania affiliation with a non-
Poland profit institution in a
. selected country
Russia

{fund: al researe
Slovak Republic undamental research

not a U.S. citizen

U'kraine
& Collahorating Scientist
Grant Terms not 4 resident of a selected
country
W Research at the Seientist's affiliation with a non-
Own Institution profit institution
4060 five-year awards significant fundamental
$10,000 to $75,000 annually* research contributions

m Grants Involving International
Research Collahoration

4060 five-year awards
$10,000 to $75,000 annually**

*Grants will provide funds for cquipment, personnel (ineluding the eligible
scientist), travel, and supplies. Up (o 25 percent of each grant may be allocat-
ed 1o the department of the eligible scienlist for shared resources. Up to 10
percenl is fur indirect costs.

**Grants will provide funds for equipment, personnel (including the eligible
setentist, but excluding personnel in the laboratory of the eollaboraiing sei.
entist), supplies, and travel Up to IS percent of each grant may be allocated
to the depurtment of the eligible scientist for shared resources. Up to 10 per-
cent is for indirect costs of the collaborating scientist’s i nstitution.
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laboratory—for equipment, person-
nel, supplics, and travel—hut also
contribute to science education
through use of grant funds for
trainces’ stipends and travel and
through the availability of equip-
ment and  supplies for their
rescarch. Maoreover, in recognition
of the limited resources available in
some circumstances and the impor-
tance of the intellectual environ-
ment in which the scientists con-
duct their research, a portion of the
award in certain countries provides
shared resources for the awardees’
departments. In all cases, consider-
able flexibility is allowed in the allo-
cation of funds and in the research
itself, to enable the scientists to fol-
low promising new leads in their
ficlds.

Eligible Countries

The first two rounds of awards, the
International Rescarch Scholars
program, went (o investigators in a
small number of countries. For the
first round, Canada and Mexico (as
our immediate neighhors) were
selected. Awards to 24 scientists
were announced in 1991 (IFigure
59). The second round of awards,
announced in 1992, went to 29 sci-
entists in Australia, New Zealand,
and the United Kingdom. The cur-
rent competition includes 10 coun-
tries of Eastern Europe and the for-
mer Soviet Union (Iigure 60).

Application and Selection Process

To select candidates for the Interna-
tional Research Scholars program,
the Institute solicited nominations

Grants for Science Education, 1994
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International Program

from its own iuvestigators and
advisers and from other scientists
knowledgeable about biomedical
rescach in the designated cean-
tries. The eligible nominees were
evaluated by blomedical scientists
throughout the United States, and
the nominees most highly rated
were invited to apply.

For the international program
competition involving Eastern
Europe and the former Soviet
Union, any scientist who meets stat-
ed cligibility criteria may apply. The
applications, which include a
research plan summarizing ongoing
or planned work that Institute fund-
ing would enhance, are evaluated
by an external peer review panel.
On the hasis of these evaluations
and the program goals, the Insti-
tute's  management  scelects
awardees to be recommended to
the Trustees for authorization of
funding.

Grant Awards

For the first two ccaipetitions, the
49 five-year grants provide annually
$90.000 to $100,000, for a total of
$24.3 million (Figure 59). These
grants included two group awards,
s0 a total of 53 scientists were
selected as International Research
Scholars in Australia, Canada, Mexi-
co, New Zealand, and the United
Kingdom.

For the international program
competition involving 10 selected
countries of Fastern Europe and the
former Sovict Union, two types of
five-year grants will be awarded: (1)
grants for research at the scientist’s

LT

own institution and (2) grants
involving international research col-
laborations (Figure 60). There will
he 40 to 60 grants of euch type.
They will range from 510,000 to
§75,000 per year, for an annual total
of 83 million. The amount of a grant
vill depend on the needs of the
applicant and the economic condli-
tions prevailing at the time the
award is made. These awards will
he announced at the end of 1994.

Grant Activities

The International Rescarch Schol-
ars in Canada and Moexico were
highly productive in the past year,
publishing more than 100 articles.
(Progress reports listing the articles
of the scholars in Australia, New
Zealand, and the United Kingdom
are not yet available.) In addition,
rescarch summaries from all of the
Scholars have appeared in the Insti-
tute’s Annual Scientific Report and
annual Research in Progress.

The Scholars have also partici-
pated in scientific meetings held at
the Institute's headquarters and
conference center in Chevy Chase,
Maryland. As a result of the Schol-
ars’ interactions with one another
and with Institute investigators,

these meetings have fostered a |

number of research collaborations
across national boundaries.

The grants in Canada and Mexi-
cu have contributed to the stipend
support of 75 graduate students and
50 postdoctoral associates. In addi-
tion, the grants in Mexico provide
for shared deparimental resources.
The departments reported that

ins

81




(%)

ERIC

Aruitoxt provided by Eric:

Figure €1
. -~ - ]

U.S. and Mexican Science Academies,

Joint Activities Grants

m Annual symposium in M2Xico on biomedical research frontiers
October 1992:

Molecular Biology of Parasites
mAnnual laboratory course
Summer 1991:

Methods in Computational Neuroseience
Dr. James Bower, California [nstitute of Technology

November 1992:

Molecular Cloning of Neural Genes
Dr. James Boulter, Salk Institute for Biological Studies
Dr, Ricardo Tapia, National University of Mexico

December 1993

Molecular Biology of Parasite Gene Expression
Dr. John Swindle, University of Tennessce, Knoxville

mVisiting Scient ist Program
July 1993-January 1994: structural biologists

these funds were used to purchase
ajor equipment as well as small
equipment, computers, chemicals,
and journal subscriptions, and to
provide stipends and travel funds
for students.

Other International
Activities

U.S. and Mexican National
Academies

In the summer of 1991, the Institute
announced grants of $600,000 1o the
U.S. National Academy of Sciences
and $100,000 1o the Mexican Acade-
mia de la Investigacion Cientifica,
for joint activities over four years.
These activities promote the
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exchange of scientific information
and encourage cooperation between
scientific communities in the two
countries, particularly in the life sci-
ences,

Under the grants, scientists from
both countries convene for lectures
and discussions at an annual sympo-
sium on a topic at the frontier of bio-
medical research (FFigur~ 61). The
October 1992 sympos:um was on
the molecular biology of parasites.
The next symposium, scheduled for
the spring of 1994, will address
human genome research,

The grants also provide support
for an annual laboratory course con-
ducted in Mexico City (Figure 61).
Graduate students, postdoctoral
associates, and more advanced sci-
entists throughout Mexico are
selected 1o participate. The third
laboratory course, Molecular Biolo-
gy of Parasite Gene Expression,
was scheduled for December 1993,
[t was organized by Dr. John Swin-
dle of the University of Tennessee,
Knoxville,

Another activity supported by
the Institute grant is the visiting sci-
entist program (Figure 62).
Between July 1993 and January
1994, five leading U.S. structural
biologists each spent three to five
days in Mexico lecturi. g and visit-
ing luboratories.

International Education Activities

The Institute also supports biomed-
ical research and education interna-
tionally through its Research
Resources grants. These include
grants to the Human Genome

Grants for Science Education, 1994
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Figure 62

U.S. and Mexican Science Academies,
Announcement of Visiting Scientist Program

YNIVERADAD NACICNAL
AVENTMA DT
MrLco
July 26 - 30

Auttust 1719

October 11 - 15

January 25 - 28

,"}W ry THE ACADEMIA DE LA INVESTIGACION CIENTIFICA AND U.S. NATIONAL
A=) ACADEMY OF SCIENCES

PRESENT: STRUCTURAL BIOLOGISTS
A SERIES OF VISITING LECTURERS

1993

Arlan Robert Reid

Professor of Chemtsiry and Blochemsiry.
University of Washington,

Scattle, Washinglon USA.

David R. Davies

Chicf ol Section on Molecular Structure.
Labwratory ol Malecular Biology.
Nauonal Institutes of Healh,

Bethesda. Marviand USA.

Scplember 20 - 24 James H. Hogle

Professor of Blological Chemstry and
Molecular Pharmacalogy.

larvard Medical School.

Boston. Massachusetts USA.

Gerhard Wagner

Professor o Blological Chenusiry and
Motecular Pharmacology

lamvard Medical School.

Boston. Massachuselts USA.

1994

Paul Sigler

Haward Hhaghes Medical Insttute Investugator
Prafessor of Moleeular Blophysics and
Hochettistny. Yale L'nnersity

New Haven. Connectlrut USA

Organtzed be DY, Manuel Soriane. Arca de Bhorstructuzae Instiuts de Qunmica, UNAM.
tor addilional tntermation call Tel 6224403 FAX 54%.83205 and Robln Schoen. Stafl
Ollicer of The National Researeh Cowetl, U8

Supported by the Howard Hughes Medical Institute. USA- J I

Organisation in support of its Amer-
icas Office and related activities.
Grants to the Cold Spring Harbor
and Marine Biological Laboratories
also henefit the international scien-
tific community, through wide par-
ticipation in the special courses
these institutions offer. Among the
participants in grant-supported
courses in 1993 were 107 students
from abroad, in addition to those
from U.S. institutions.

The Institute’s graduate fellow-
ship programs also serve an interna-
tional constituency. Among the 395
current predoctoral and physician
postdoctoral fellows are 5 students
pursuing graduate study or postdoc-
toral research abroad and 56 citi-
zens of other countries who are in
graduate school or conducting post-
doctoral research in the United

States.

¥ £)

BFST copy AVAILABLE

8

}




Figure 63
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International Program, All Current International Research Scholars

1991 Awards
Canada

Alan Bernstein, Ph.D.
Head. Division of Molecular and Developmiental Biology, and Associate Director, Samuel Lunenfeld Research Institute of Mount Sinai Hospital.
Toronte: Professor, Departnient of Molecular and Medical Geneties, University of Toronto

Malecular Genetic Approaches to Hematopoiesis and Development

Barton Brett Finlay, Ph.D.
Assistant Professor, Biotechnology Laboratory and Departments of Biochemistry and Microbiology, University of British Columibia, Vancouver

Host-Pathogen Interactions in Microbial Pathogenesis

Jack Fred Greenblatt, Ph.D.
Professor, Banting and Best Department of Medical Research and Departuent of Molecular and Medical Genetics. University of Toronto

Transcriptional Regulatory Mechanisms

Sergio Grinstein, Ph.D.
Head. Divisien of Cell Biology, The Research Institute of the Hospital for Sick Children. Toronto: Professor. Department of Biochemistry,
University of Toronto

Tonic Homeostasis in Resting and Activated Leukocvtes

Philippe Gros, Ph.D.
Professor, Department of Biochemistry, McGill University, Moutreal
The Multidrug Resistance (mdr) Efflux Pumps: Structure, Function, Regulation

Alexandra Leigh Joyner, Ph.D.
Senjor Seientist, Division of Molecular and Developmental Biology, Samuel Lunenfeld Research Institute of Mount Sinai Hospital. Toronto;
Associate Professor, Department of Molecular and Medical Genetics. University of Tovonto

Targeted Mutagenesis and Molecular Genetic Analysis of Mouse Developmental Genes

James Douglas McGhee, Ph.D.

Professor, Department of Medic:  iochemistiy, University of Calgary

Control of Lineage-Specific Gene Expression During Early Development

Tim R. Mosmann, Ph.D.
Professor and Chair, Department of Imnumology, University of Alberta, Edntontun

Cytokine Functions in Immune Class Regulation

Anthony James Pawson, Ph.D.
Senior Scientist. Division of Molecular and Developmental Biology, Samuel Lunenteld Research Institute of Mount Sinai Hospital, Toronto;
Professor, Departent of Molecular and Medical Geneties, University of Toronto

Biochemical and Genetic Controt of Signal Transducetion

Randy J. Read, Ph.D.

Associate Professor, Department of Medical Microbiology and Infectinns Diseases, University of Mberta, Edmonton

Protein Crystallography and Ratienal Drug Design
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Janct Reossant, Ph.D.
Senior Scientist, Division of Molecular and Developmental Biology, Samuel Lunenfeld Research Institute of Mount Sinai Hospitai, Toronio;
Professor, Department of Molecular and Medical Genetics, University of Toronto

Genetic Contral of Cell Lineage Development in the Early Mouse Embryo

Jean-Pierre Roy, M.D.
Assistant Professor, Department of Neurology and Neurosurgery, Montreal Neurological Instituie of McGill University

Contribution of Area MSTd to the Spatial Function of the Parietal Cortex

Terry P. Snutch, Ph.D.
Assistant Professor, Biotechnology Laboratory and Division of Neuroscience, University of British Columbia, Vancouver

Molecular Dissection of Neuronal Signal Transduction

Lap-Chee Tsui, Ph.D.
Senior Scientist, Department of Genetics, ‘The Research Institute of the Hospital for Siek Children, Toronto; Professor, Department of Moleeular
and Medieal Genetics, University of Toronto ’

Molecular Genetics of Cystic Fibrosis and Other Genetic Diseases

Mexico

Carlos Federico Arias, Ph.D.
Associate Professor, Department of Molecular Biology, Institute of Biotechnology, National University of Mexico, Cuernavaca

Molecular Biology and Epidemiology for the Control of Rotavirus Diarrhea

Edmundo Calva, Ph.D.
Associate Professor and Chairman, Department of Moleatlar Biology, Institute of Biotechnology, National University of Mexico, Cuernavaca

Molecular Biolegy of the 8. fyphi ompC and C. Jejuni ent Genes

Gabriel Cota, Ph.D.

Investigator, Department of Physiology, Biophysics, and Neurosciences, Center for Research and Advanced Studies, National Polytechnic
Institute, Mexico City

Calcium Channels and Hormone Secretion in Pituilary Cells

Alberto Darszon, Ph.D. _
Professor, Department of Biochemistry, Institute of Biotechnology, National University of Mexico, Cuernavaca

Involvement of [onic Channels in Sperm Function

Gabriel Guarn~ros Pefia, Ph.D.
Professor, Department of Genetics and Molecular Biology, Center for Research and Advanced Studies, National Polytechnic Institute, Mexico City

Control of Bacterial Protein Synthesis by a Lambda Phage-Directed Transcript

Luis Rafael Herrera-Estrella, Ph.D.

Professor and Chairman, Department of Plant Genetie Engineering, Center for Research and Advanced Studies, National Polytechnic Institute,
Irapuato

Molecular Studies of Two Key Enzymes Involved in Carbon Assimilation in Plants

Paul Modesto Lizardi, Ph.D.
Professor, Department of Biochemistry, Institute of Biotechnology, National University of Mexico, Cuernavaca

Simple and Sensitive Assays for the Detection of Human Pathogens




M. Esther Orozco, Ph.D.
Professor, Department of Experimental Pathology, Center for Research and Advanced Studies, National Polytechnic Institute, Mexico Ciiy

Entamaoeba histolytica: Molecules Involved in Adherence and Damage to the Target Cell

Lourival Domingos Possani, Ph.D.
Professor and Chairman, Department of Biochemistry, Institute of Biotechnology, National University of Mexico, Cuerhavaca

Chemical and Functional Characterization of Scorpion Toxins

Ranulfo Romo, M.D., Ph.D.
Professor, Department of Neuroscience, Institute of Cellular Physiology, National University of Mexico. Mexico City
Representations and Transformations of Tactile Signals in Somatic and Frontal Motor Cortices of Behaving Primates

1992 Awards

Australia

David Douglas Lawrence Bowtell, Ph.D.
Wellcome Trust Senior Research Fellow, Howard Florey Institute of Experimental Physiology and Medicine, University of Melbourne

Control of Cellular Differentiation in Mammalian Development

Suzanne Cory, Ph.D.
Senior Principal Research Fellow and Joint Unit Head, Molecular Biology Unit, The Walter and Eliza Hall Institute of Medical Research, Parkville
Genetic Control of Hematopoietic Differentiation

Alan Frederick Cewman, Ph.D.
Wellcome Australian Senior Research Fellow, Immunoparasitology Unit, The Walter and Eliza Hall Institute of Medical Research, Parkville

Molecular Mechanism of Drug Resistance in Malaria

David James Kemp, Ph.D.
Deputy Director. Menzies School of Health Research, Casuarina

Chromosome Deletions in Relation to Cyteadherence and Ganetocvtogenesis in Plasmodium falciparum

Grant Robert Sutherland, Pk.D., D.Sc.
Directur, Department of Cytogenetics and Molecular Genetics, Adelaide Children’s Hospital; Affiliate Professor, Department of Pediatrics,
University of Adelaide Medical School: Honorary Consultant Geneticist, Queen Victoria Hospital, Adelaide

Studies of the Human Genome; Positional Cloning and Unstable DNA

New Zealand

Edward Neill Baker, Ph.D.
Professor of Biochemistry, Department of Chemistry and Biochemistry, Massey University, Palmerston North

Structural and Functional Analysis of Binding Proteins and IHydrolases

Warren Perry Tate, Ph.D.
Professor of Biochemistry, U'niversity of Otago, Dunedin

Translational Stop Signals and Cellular Regulation
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United Kingdom

Rosa Susan Beddington, D.Phil.
Senior Group Leader, Medical Research Council National Institute for Medical Research, London

The Molecular Basis of Mammalian Gastrulation and Early Organogencsis

Adrian Peter Bird, Ph.D.
Professor of Geneties, Institute of Cell and Molecular Biology, University of Edinburgh

The Biological Significance of DNA Methylation

Gerard Bricogne, Ph.D.
Research Scientist, Senior Grade, Division of Structural Studies, Medical Research Council Laboratory of Molecular Biology, Cambridge

Stuart Graham Cull-Candy, Ph.D.
Professor of Pharmacology, University College London, University of London

Amino Acid Receptor Channels and Synaptic Transmission in the Cerebellum

Christopher Martin Dobson, D.Phil.
University Lecturer, Department of Chemistry, University of Oxford; Deputy Director, Oxford Centre for Moleeular Sciences

NMR Studies of Protein Folding and Recognition

Michael Antheny John Ferguson, Ph.D.
Reader in Biochemistry, Medical Sciences Institute, University of Dundee

Structure, Biosynthesis, and Function of Glycosyl-Phosphatidylinositols of the Parasitic Protozoa

Frank G. Grosveld, Ph.D.

Head, Laboratory of Gene Structure and Expression, Medical Research Council National Institute for Medical Research, London
Studies on the Regulation of the lluman Beta-Globin Domain

Nicholas Dixon Hastie, Ph.D.
Head, Molecular Genetics Section, Medical Research Council Human Geneties Unit, Western General Hogpital, Edinburgh

The Role of the Wilms Tumor Gene (WT'7) in Normal Development and Cancer

Christopher Francis Higgins, Ph.D.
Principal Scientist, Imperial Cancer Research Rund Laboratories, Institute of Molecular Medicine, University of Oxford; Fellow, Keble College,
Oxford

The Multidrug Resistance P-Glycoprotein and Related ABC Ion Channels/Transporters

Jonathan Alan Hedgkin, Ph.D. ,
Staff Scientist, Senior Grade, Medical Research Council Laboratory of Molecular Biology, Cambridge

Molecular and Genetic Analysis of Nematode Sex Determination

David Ish-Horowitz, Ph.D.
Principal Scientist and Head, Developmental Genetics Laboratory, Imperial Cancer Research Fund Developmental Biology Unit, Oxford;
Honorary Lecturer, Department of Zoology, University of Oxford

Embryonie Patterning in Drosophila by Transcriptional Regulation and Transcript Localization

Alec John Jeffreys, D.Phil.
Royal Society Wolfson Research Professor, Department of Genetics, University of Leicester

Variation and Mutation in the Human Genome
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Robert Roger Kay, Ph.D.
Staft Scientist, Senior Grade, Cell Biology Division, Medical Rescarch Council Labaratory of Molecular Biology, Cambridge
Molecular Basis of Pattern Formation in Diclyostelium

Roger John Keynes, M.B.B.Chir.
University Lecturer, Department of Anatomy, University of Cambridge
Cell-Cell Repulsion During Neural Development and Regeneration

David Philip Lane, Ph.D.
Professor of Molecular Oncology, Cancer Research Campaign Laboratories, Department of Biochemistry, University of Dundee
The Function of the p53 Suppressor Gene

Andrew Gino Lumsden, Ph.D.
Professor of Developmental Neurobiology, Division of Anatonmy and Cell Biology. United Medical and Dental School, Guy's Hospital,
University of London '

Cellular and Molecular Mechanisms of Hindbrain Development

Michael Samuel Neuberger, Ph.D.
Seniar Scientist, Special Appointment Grade, Medical Research Council Laboratory of Molecular Biology, Cambridge
Expression and Function of the B-Cell Antigen Receptor

Simon Edward Victor Phillips, Ph.D.
Professor of Molecular Biophysics, Department of Biochemistry and Molecular Biology, University of Leeds

Structural Studies of Protein-Nucleic Acid Complexes

James Cuthbert Smith, Ph.D.
Head, Laboratory of Developmental Biology, Medical Research Council National Institute for Medical Research, London

Gradients and Thresholds in the Establishment of the Vertebrate Body Plan

Alain Robert Townsend, M.B.B.S., Ph.D.
_ Professor, Department of Clinical Medicine, lustitute of Molecular Medicine, University of Oxford

The Biochemistry of Endogenous Antigen Presentation

Richard Henry Treisman, Piv.D.
Principal Scientist, Imperial Cancer kesearch Fund, London
Transcription Factors in Growth Factor Action

Veronica van Heyningen, D.Phil.
Senior Scientist, Special Appointment Grade, Molecular Genetics Section, Me-'ical Research Council Human Genetics Unit, Western General
Hospital, Edinburgh; Honorary Fellow, Department of Bioc hemistry, University of Edinburgh

Molecular, Genetic, and Funetional Studies en PAX6 and Other Anridia-Associated Genes in the WAGR Region

88 ) N Grants for Science Education, 1994
o 1115
ERIC

Aruitoxt provided by Eric:




(%)

ERIC

Aruitoxt provided by Eric:

Program Assessment

Program Assessment

Assessment within the grants
program has {wo principal objec-
tives: to document and measure key
outcomes of the Institute’s various
grants initiatives, and to assist in
the development of new iniliatives
through studies of national trends
in science education, the national
research enterprise, and public and
private support for science, Assess-
ment activities are organized gener-
ally around the principal areas of
the grants program.

The initial focus has heen on out-
comes for the activities in graduate
and undergraduate science educa-
tion, largely through analysis of
annual progress reports submitted
by individual fellows and institution-
al grant recipients. Data from these
reports are presented in previous
chapters. For the area of precollege
science education, the first annual
reports from science musceums and
related institutions are reviewed in
the chapter “Precollege and Public
Science Education.”

In addition, several studies of
national trends and conditions rele-
vant to grants program planning
and evaluation have been complet-
ed or are under way. In conjunction
with these internal activities, the
Institute is working with several
federal agencies and private organi-
zations to draw on existing national
databases and develop new ones.
These will be used for long-term
monitoring of the careers of Insti-
tute-supported fellows, assessments
of educational institutions, and
analyses of national trends.

Overview

Graduate Education in the
Biological Sciences

In the graduate area, the Institute
monitors the progress of its predoc-
toral, medical student, and postdoc-
toral fellows through information
provided in their annual reports. As
students proceed through their fel-
lowship years and beyond, the Insti-
tute will continue to track their
training and subsequent profession-
al activities by monitoring advanced
degrees received, additional
research training, indicators of
research involvement and produc-
tivity, academic appointments, and
other career outcomes. Much of
this information will be derived
through mail surveys of fellows.
National longitudinal dalabases will
provide additional information on
progress of the Institute’s fellows as
well as normative data on relevant
national cohorts for purposes of
comparison.

Medical Student Fellows. An
extensive (racking system for par-
ticipants in the Institute’s Research
Training Fellowships for Medical
Students program and those in the
Howard Hughes Medical Insti-
tute-National Institutes of Health
Research Scholars program is
already well developed through a
five-year grant to the Association of
American Medical Colleges. The
grant enables the AAMC to use a
variety of national databases to
track the educational progress and
long-term careers of the Institute’s
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fellows and scholars and, for com-
parison, those of a number of
national cohorts of other M.D. and
M.D./Ph.D. graduates. This track-
ing project and some preliminary
results were summarized in Grants
for Science Education, 1991-1992,

A special section later in this
chapter provides an in-depth update
of the medical student tracking
project. Data are presented on the
numbers of 1992-1993 medical stu-
dents and 1993 M.D. graduates
known (o have been enrolled in
M.D./Ph.D. dual-degree programs.
including those supported through
the Medical Scientist Training Pro-
gram (MSTP) of NIH. The section
also presents findings from the
tracking project on clapsed time
from medical school matriculation
to graduation, expressed interest in
careers involving research, vears of
clinical training, and recent M.D.
graduates with earued doctoral
degrees. Data on these subjects are
presented for each of five M.D.
graduating classes (1988 through
1992) and, within each class, for
several discrete groups: the Insti-
tute’s fellows and research scholars,
students who have had MSTP sup-
port, other students in M.D./Ph.D.
programs, those expressing strong
interest in research careers, and
other M.D. graduates.

Predoctoral and Postdoctoral
Fellows. A parallel effort to track
the progress of the Institute’s pre-
doctoral and postdoctoral fellows is
currently under development and
will be initiated during 1993-1994.
This tracking will be based primari-
ly on fellows’ responses to annual

surveys concerning educational and
career outcomes (o date and plans
for the fature. National databases
may also he used as data sources in
this assessment effort, again possi-
bly for making comparisons. The
surveys are also being used (o
develop eumulative directories of
the Institute's fellows.

Undergraduate Science Education

Program assessment in the under-
graduale area has focused on the
institutions receiving grant support
through the Institute's undergradu-
ale grant program, using annual
progress reports and several nation-
al databases. [Fach college or uni-
versily receiving an Institute award
subinits an annual report detailing
the Institute-supported activities.
These reports provide data on stu-
dent development in the sciences,
covering such topics as involvement
in research and acceptance into
graduate or medical school. The
Institute is particularly interested "=
ntonitoring the participation of
women and minority students
underrepresented in the sciences.
The annual progress reports also
cover science facully, curriculum
and laboratory development, and a
variety of outreach programs. Data
from these reports are summarized
in the previous chapter on under-
graduate science education.

Precollege and Public Science
Education

Because the Institute’s grant initia-
tives under the precollege and pub-
lie science edueation program were

Grants for Science Education, 1994
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only recently begun, the associated
assessment activities are in the
early stages. Nonetheless, cach
major initiative within the program
is to have an assessment compo-
nent, Planning and development of
assessments for precollege and
public science education will take
into account experience gained
from assessments in the areas of
gradua. » and undergraduate sci-
ence education,

Local Precollege Initiatives.
Local precollege initiatives arc pro-
fileed in the chapter on precollege
and public science education. In
1992-1993 one of these initiatives
was formatively evaluated-—the Stu-
dent and Teacher Intern Program at
the National Institutes of Health,
This program provides research
opportunities in NIH laboratories
for students and teachers fiom high
schools in Montgomery County.
Maryland. The evaluation was con-

ducted by the Montgomery County

Public Schools and NIH with the
support of the Office of Grants and
Special Programs, Specifically, eval-
uation was undertaken to determine
how administration of the program
might be improved and to docu-
ment its short-term impact on both
student and teacher participants.
[Four aspects of the program
were examined: (1) the participant
selection process, (2) program
operation, (3) p - m activities,
and (4) costs. Data were collected
using focus groups of 1992-1993
student interns and a sample of pre-
ceptors from the three most recent
years of the program. Individual
interviews werce conducted with

Program Assessment

teacher interns from the two mos(
recent years, and with science
resource teachers whose schools
applied but were not accepted,
Group interviews were conducted
with administrators from NIH and
Montgomery County public
schools,  Finaily, evaluators
observed meetings and special
events such as scientific presenta-
tions and an alumni banquet (Fig-
ures 64 and 65).

Pigure 64

- - - - .~ '
Program-Sponsored Activities for Student
and Teacher Interns

m\Working in a research laboratory

m Making an oval presentation of research findings at a dinner
symposium

m Developing outreach activities to strengthen science education in
other Montgomery County publie schools

m Participating in poster presentations

m Participating in an NIH scientist seminar series

[Figure 657

Data Collection. Methods for Evaluation of
the Student and Teacher Intern Program

u Focus groups:
1992-1993 student interns
preceptors selected from three program years

w [nterviews with teacher interns who participated and teachers
wi.ase schools were not aceepted in the program

m [nterviews with program administrators from NIH and
Montgomery County public sckools

m Observations of speeial events such as presentations and an
alumni banquet
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Based on the results of the evalu-
ation, several changes have been
made in the 1993-1494 program.
These include improvements in the
process for selecting students and
teachers, rednction of the time
teachers will spend in research and
continuing cducation activities
(with no compromise of the quality
of the experience), and more effi-
cient use of program funds. Other
efforts are being made (o imple-
ment additional recommendations
regarding the type and duration of
program aclivities and channels of
communication among students,
teachers, preceptors, and adminis-
trators. These changes are expect-
cd to euhance the experience for
everyone involved. The program
continues o be cevaluated through
annual reports provided to the Inst-
trte and through routine data col-
lection by the NIH Office of Lduca-
tion,

Education and Career
Outcomes of Physician-
Scientists

The Institute of Medicine, in its
report Biomedical and Behavioral
Research Scieatists: Their Training
and Supply, emphasized the impor-
tance of evaluating fellowship and
training programs designed to
increase the number and quality of
medically trained research scien-
tists, noting that little research had
been done in this area. Program
evaluation for clinical investigators,
the report pointed out, involves the
complexities of training and track-

ing Uie academic physician-scien-
tist. Until recently, little infornation
has been available on the long-term
educational and career ontcomes of
physician-scientists generally and of
M.D./Ph.D.s in particular.

The Institute has two grant pro-
grams that s.pport the education
and training of physician-scientists:
(1) Research Training Fellowships
for Medical Students and 2) Posl-
doctoral Rescarch IFellowships for
Physicians. (See the previous chap-
ter "Graduate Science Iducation.”)
The Research Scholars Program,
operated jointly by the Institute and
NIH, is also aimed at attracting
medical students to research.

In order to assess the outcomes
of the Institute programs for med-
ical students, and to explore the fac-
tors affecting career outcomes of
physician-scientists, the nstitute in
1989 awarded a five-ycar grant to
the Association of American Mcd-
ical Colleges. The grant has
enabted the AAMC to use existing
national databases to track the edu-
cational progress and subsequent
careers of the Institute's fellows and
scholars.

The AAMC project is also track-
ing a number of other study groups
of M.D. graduates to provide a con-
text in which to assess the out-
comes for the Institute’s fellow and
scholar populations. A variety of
educational and carcer outcomes
are monitored annually for each
group studied, beginning in the
year the M.D. is awarded and con-
tinuing through mid-career. This
long-tern1 tracking is designed to
provide measurements of career

[
b -t
g:j

Grants for Science Education, 1994




(%)

ERIC

Aruitoxt provided by Eric:

Program Asscssment

progress, with emphasis on indica-
tors of involvement in rescarch.

In addition to long-lerm tracking
of the Institute’s fellows and schol-
ars, the AAMC study has provided
annual information on the nation’s
supply, demographic characteris-
tics, and educational patterns of
M.D./Ph.D.'s generally. Findings
have been presented in the three
latest editions of the annual Grants
Jor Science Education.

Overview of the Medical Student
Tracking Project

The primary objective of the tracking
project is to follow the progress of
the Institute’s fellows and scholars
by annually monitoring a variety of
key ecducational and career outcome
measures. To place the findings in a
broader context, the project also
monitors these outcome measures
for four independent comparison
groups: students in dual-degree
M.D./Ph.D. programs who were
supported through the NIH Medical
Scientist Training Program (MSTP),
other medical school graduates
reported to have been in M.D./Ph.D.
programs but not in the MSTP, grad-
uates who have not been in such pro-
grams but who expressed significant
interest at graduation in a carcer
involving research, and all other
M.D. graduates.

A variety of educational and
career oulcome meastires are moni-
tored annually for cach of the
groups under study. Analysis
begins the year the M.D. is
received, and all measures are
updated in cach subsequent year.

]
(::

Thus, cach new class of M.D. grad-
uates is tracked as an independent
cohort, with all outcome data for
cach cohort updated annually.

Because analysis begins with
reeccipt of the M.D. degree, mean-
inglul data are not yet available on
certain outcomes for the Institute’s
fellows and, in some cases, for the
scholars as well. Only in the most
recent year or two have sufficient
numbers of fellows received their
M.D. degrees to allow for collection
of meaningful data on early out-
comes. In addition, other outcomes
being monitored {e.g., appointment
to medical school faculty) require a
relatively long postfellowship period
before occurring in meaningful
numbers. Therefore, several of the
studies presented here include data
on the Institute’s fellows and schol-
ars, while others do not. Within the
next few years, the numbers of stu-
dents in the Institute’s study groups
who carn the M.D. should be suffi-
cient for early analyses in all arcas,
and the results will be reported as
they become available.

The remainder of this section
presents scveral of the primary find-
ings to date from the medical stu-
dent tracking project. These con-
cern the size of the national pool of
M.D./Ph.D. students and graduates
in recent years, the average number
of years from matriculation in med-
ical school to graduation with the
M.D. degree, interest expressed at
graduation in careers involving
rescarch, average years of clinical
training, early data on appointments
to medical school faculty positions,
and numbers of recent M.D. gradu-
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ates with carmed doctoral degrees.
Some of these data are preliminary
and subjecet to change, since the
tracking systems are still being
relined and the study of some o the
outcomes will require more time,

The Annual Pool of Students in
M.D./Ph.D. Programs

Through the Institute’s grant to the
AAMC, annual data are gathered on
the size and characteristics of the
national pool of M.D./Ph.D). stu-
dents and graduates. Informal sur-
veys have estimated the number of
medical students enrolled in M.,/
Ph.D. programs in selected years.
The MSTP, principal single source
of funding for M.D./Ph.D. candi-
dates, provides a starting point for
such an estimate. The MSTP sup-
ports approximately 750 full-time-
equivalent st 'ents each year, and
informal studies have suggested
that they comprise about oue-half of
all those enrolled in dual-degree
programs.

Until vecently, however, compre-
hensive data concerning numbers
of students enrolled or M.D. gradu-
ates emerging from dual-degree
programs have not been systemati-
cally available. The numbers actual-
lv earning doctoral degrees have
also been largely unknown, Qur

“studies indicate that the number of

students enrolled in M.D./Ph.D.
programs in recent years has
exceeded 1,500 and that ncarly 40

pereent of all graduates from these

programs have received MSTDP sup-
port. Between 75 and 90 percent of
recent graduates from dualdegree

programis have actually earned the
doctoral degree,

In the last (hree editions of
Grants for Science Education, data
were presented on medical students
reported to have been enrolled in
M.D./Ph.D. programs during the
academice years 1989-1990, 1990-
1991, and 1991-1992. Som¢ of thesc
carly findings were based, in part,
on medical school reports to the
AAMC of dual-degree student
enrollment, Such reporting, howev-
er, was known (o be incomplete.
Under the Institute’s grant, the
AAMC initiated an ongoing effort to
ensure complete, accurate, and
timely reporting, The AAMC has
also continued to work with NIH to
improve the data on students receiv-
ing MSTP support. As a result, the
data coucerning the numbers of
medical students enrolled in, and
graduating from, dual-degree pro-
grams are significautly improved
for the academic years 1980-1990
through 1992-1993 and, to a limited
extent, for cavlier years as well,

Data currently available from the
AAMC and NIH indicate that a total
of 2,400 medical students were
reported to have been enrolled in
M.D./Ph.D. programs during the
1992-1993 academic year. Of those,
1,155, or 48 percent, are known to
have received MSTP support at some
point (Figure 66). In any one year,
the program supports approximately
750 fulltime-equivalent students,
The number of participants, particu-
larly among conlinuing students, is
expected to inerease somewhat, once
complete data on students supported
for the first time during 1992-1993

. Grants for Science Education, 1994
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Figare 66

.~ -~ |
Students Reported to Have Been Enrolled in M.D./Ph.D.
Dual-Degree Programs:' Continuing Students and M.D.
Graduates, Academic Year 1992-1993

Continuing Total
Dual-Pegree Program® Stadents M.D. Graduates Enrvtim nt

N\o, b Na, “ No. “u
With MSTV support 125 A0 e 30 Liad 8%
With other o1 no support L2 50 208 fil 1245 A2
Totals® 2,067 100% 333 100% 2,400 100%

"Wata represent M. stadvuls regrorted by thei v inedical schonls ta have been earolted in MALPWD, pra-
U,

ST MSTP sapport” indivales studends isted by Heiv edical sehaol, o0 reports lo the Natioaal Institules
af Health, as suppocted theongh the NUH Medical Seéiendis! Teaining Prograi wicard lo thal schanl, Such sup-
pral conld haee heen for any grari s} from 1978 thrawgh 19492,

“With ather or wo support” indicates students listed by e medical sehool, in ceports o the Associalind ol
American Medieal Colleges. as envalled i av MALPRD, progrow {and nol subseqaerdly veported as witle
draan from the prograaa ). batreho are wol v the NUE rosters of those having received MSTP suppord,

These dalet do nat vepresend the MALAPH D, popadation per se: onlg students reporled to latve heen envolled in
such dual degree programs. Some of the graduales will oot camplele the Ph-D.aniil one or viore years follow
ing the ML Other students aad graduales mag have peemanently dropped the Ph), component of their stad-
iex. Also, there neay oo students ewrolled in MAIWPILD. programs iha are wol reflecled in these data beeause

They arve wol vepoeled to be sa envolled. Finally, marg M. s who also hald the PO, carn e doctorale hefore
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eilering niedical sehool, and so ave never eneolled in duol-degree programs.

hecome available from NIH (in about
a year), However, no significant
inerease in the estimated proportion
of M.D./Ph.D. students receiving
MSTP support is expected to result
from this information,

Of the 2,400 medical students
reported to have heen in M.D./
Ph.D. programs in 1992-1993, 1333
were awarded the M.D. degree in
1993, Of these, 130, or 39 percent,
are known (o have received MSTP
support at some time during their
enrolbment in medical school.

In addition to information on the
M.D. graduates of 1992-1993, data

have been assembled {or the gradu-

Jrae

ating classes of 1988 through 1993
on the anual munber of M.D, grad-
uates reported to have been
enrolled in M.D./Ph.D. programs
(Figure 67). including those known
to have received support through
the MSTP. The historical data iden-
tify approximately 200 to 325 such
students awarded the M.D. degree
ach year, with sonlewhat less than
onc-half (in the most recent three
vedars) known to have rec.ived
MSTP support at some point during
their enrollment in medical school.
From 1988 through 1992, the
number of new medical school
gracuates reported annually to have

7
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Figure 67

|
M.D. Graduates, 1988-1993, Identified as Having Been
Enrolled in M.D./Ph.D. Programs

Number
220
20

1988 1080 1090
Year of M. graduation

8 With MSTP support

been enrclled in dual-degree pro-
grams increased notably, particular-
ly among those not supported
through the MSTP. This observa-
tion may reflect real growth in the
annual number of such graduates
emerging from M.D./Ph.D. pro-
grams, or it may represent, at least
in part, an artifact of the improved
reporting (n~ted above) by the
medical schools.

In 1993, for the [irsl time, the
data for the graduating class do not
show a notable increase in the num-
ber of reported graduates from
M.D./Ph.D. programs. Because the
improved reporting systems have
bee. . place for at least three
years, the most recent data suggest
that no substantial change occurred

1001 1092 1993

B \ith other or no support

in the number of such graduates in
1992-1993. Over the n«xt several
years, data on enrollment in M.D./
Ph.D. programs collected through
this project should provide a consis-
tent and accurate picture of the
annual pool of such dual-degree stu-
dents and graduates.

It should be noted that these
data on enrollments and gradua-
tions do not represent the entire
pool of M.DD./Ph.D. graduates per
se, for several reasons. Rather, they
represent M.D. students and gradu-
ates identified as having been
enrolled in M.DD./Ph.D. programs
on the basis of their receipt of
MSTP support and/or of medical
school reports to the AAMC. While
receipt of the M.D. is confirmed for

Grants for Science Education, 1994
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the graduates, receipt of the Ph.D.
is not. Some of the graduates will
not be awarded the Ph.D. formally
until one or more years after the
M.D. Also, some of the continuing
students and graduates may have
permanently dropped the Ph.D.
component of their studies. Howev-
cr, most of the recent M.D. gradu-
ates known to have been enrolled in
M.D./Ph.D. programs have earned
doctoral degrees, as will he seen
helow. (See also Grants for Science
Education 1991-1992, page 71.)

There may be other medical sw-
dents enrolled in and gradualing
from M.D./Ph.D. programs who
are not reported to the AAMC by
the medical s-hools. Finally, other
analyses from this project indicate
that many M.D./Ph.D."s earn the
doctorate well before the M.D. and
thus never enter a dual-degree pro-
gram. (See data presented below
and data in Grants for Science Edu-
cation 1991-1992, page 73.)

Elapsed Years from Medical School
Matriculation to M.D. Graduation

The tength of time required to com-
plete medical education and train-
ing affects significantly the point at
which a new M.D. can begin clinical
practice. The substantial additional
time required to complete a concur-
rent doctoral degree prolongs the
point at which M.D./Ph.D. gradu-
ates from dual-degree programs
enter the post-medical school
stages of their careers to Legin pro-
ductive research, clinical work, or
both. This additional time has been
suggested as a possible deterrent to

students’ entering dual-degree pro-
grams, and thus as potentially limit-
ing the supply of new M.D./Ph.D.’s,

[t is therefore of interest to exam-
ine the elapsed time from matricula-
tion in medical school to receipt of
the M.D. degree. Figure 68 pre-
sents these data as averages for six
study populations in each of five
recent M.D. graduating cohorts
(1988 through 1992).

The population with the greatest
average elapsed time is that of stu-
dents in M.D)./Ph.D. programs who
are known to have been supported
through the MSTP. This group has
consistently averaged about seven
years of elapsed time from matricu-
lation to M.D. Seven years is typi-
cally the time taken by most dual-
degree students to complete both
an M.D. and a doctoral degree con-
currently, These data thus suggest
that most of the M.D. graduates
enrolled in M.D./Ph.D. programs
who are supported by MSTP funds
arc in fact completing both degrees,
a finding that will be directly con-
firmed in a later section on earned
doctoral degrees.

The average elapsed period that
is next longest is consistently found
for the students who are reported to
have been in M.D./Ph.D. programs
hut who did not receive MSTP sup-
port. Interestingly, this group’s
average clapsed time has steadily
increased from about 5.4 years for
those graduating in 1988 to an aver-
age 6.4 years for those graduating
in 1992. This finding suggests that a
greater proportion of such non-
MSTP M.D./Ph.D. students have
been completing the doctoral

N DY
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Figure G8

1
Elapsed Years from Matriculation to M.D. Graduation,
1988-1992, by Year of Graduation and Tracking Cohort

Mean elapsed years

3

n
{

8 R T

Year of M.1, graduation and tracking cohort

M Medical student fellows
B Research scholars
B MSTP M.D/Ph.D,

degree portions of their studies in
recent years, but that this propor-
tion is lower than that for dual-
degree students with MSTP sup-
port. This interpretation is support-
ed by preliminary data on earned
doctoral degrees.

The students not reported to
have been in M.D./Ph.D. programs
but who indicated significant inter-
est at graduation in a career involv-
ing research, and all other M.D.
graduates, have consistently aver-
aged 4.1 (0 4.2 elapsed | rsin
medical school, strongly sugyesting
essentially uninterrupted medical
study for nearly all M.D. graduates
in each of these two populations, As

" Other M.D/Ph..
Interested in research
B Al other M., graduates

will be seen in the earned doctorate
data, only very small percentages of
these groups have earned doctoral
degrees (and most did so before
entering medical school).

Finally, (he Institute’s research
scholars and medical student fel-
lows appear preliminarily to have
taken, on average, approximately
one-half to one year longer to grad-
uate from medical school than the
four years generally required. Since
the research scholars must take a
one-year leave of absence from
medical studies during their schol-
arship year at NIH, one might
expect their average elapsed time to
be about 5.0 years, presuming no

. 1 ) :) Grants for Science Education, 1994
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further time is spent in other activi-
ties, including the earning of a doc-
toral degree. The mean elapsed
time for the research scholars is in
fact very close to 5.0 vears, The
most recent data available on
earned doctorates indicate that, as
of June 1992, very few of these stu-
dents had earned such degrees.

Only the most recent (wo
coliorts of M.D. graduates (1991
and 1992) contain any students who
participated in the Institute’s
Research Training Fellowships for
Medical Students program. These
students’ mean elapsed times from
medical school matriculation to
M.D. graduation were approximate-
ly 4.5 vears. Most but not all of
these students also must take a
onc-year leave of absence from
medical studies (o participate in the
fellowship program. However, some
medical schools (e.g., Duke Univer-
sity) permit the fellowship year to
be included as one of the four years
of medical study. Because the fcl-
lowship program has had substan-
tial enroilment from such schools,
the average elapsed time for the
students in the program could be
expected to be somewhat shorter
than that for the research scholars
but longer than the four years
required for medical study, and this
is the pattern actually observed to
date. As will be noted in the section
on carned doctorates, littte or no
meaningful doctoral degree data are
vet available for the two most recent
graduating classes,

A0

Interest in Research Careers as
Expressed at M.D. Graduation

Students graduating from medical
school are surveyed on a host of
issues relevant to medical educa-
tion, training. and practice. Known
as the Graduation Questionnaire,
this survey is designed and adminis-
tered by the AAMC. Participation is
voluntary, and approximately two-
thirds of M.D. graduates respond,

One item on the survey explores
the graduate's level of expectation
“to be involved in research during
your medical career.” These self-
repcried expectations at M.D. gradu-
ation indicate preliminary levels of
interest in carcers involving scientif-
ic research. The data were examined
for each of the cohorts involved in
the tracking project and are present-
ed in Figure 69. (No data are pre-
sented here for the tracking cohorts
of students “Interested in research”
or for “All other M.D. graduates,”
because 100 percent and 0 percent of
these two groups, by definition, have
shown interest.)

Approximately 14 percent of all
graduates who respond to the Grad-
uation Questionnaire typically
expect Lo be “exclusively” or "signif-
icantly” invelved in research. In
contrast, at least three-quarters of
each of the M.D. graduate cohorts
tracked in this study from 1988
through 1992 (who responded to
the questionnaire) indicated such
expectation. The group with the
highest percentage of members
who expressed interest in research
(85 to 95 percent) comprised the
graduates from M.D./Ph.D. pro-
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Figure 69

-—-n-_——-
Expressed Interest in Research at M.D. Graduation,
1988—1992, by Year of Graduation and Tracking Cohort

Percent

100%
90

1990 1991

Year of M.D. graduation and tracking cohort

B Medical student fellows
BB R-~search scholars

grams who received MSTP support.
About 75 to 80 percent of the gradu-
aces enrolled in dual-degree pro-
grams but not supported by the
MSTP reported interest.

The Institute’s research scholars
who have earned M.D. degrees
have typically expressed interest in
research (o an extent equal to, or
somewhat akove, that reported by
the non-MSTP dval-degree program
graduates but not quite o the
extent of the MSTP-supported grad-
uates. [inally, only the most recent
vear's data (1992) cover a sufficient
number of medical student fellows
to provide meaningful results in this
arca. Approximately 85 percent of
the fellowship students who gradu-
ated in 1992 expressed a significant

M MSTP M.D/Ph.D.
70 QOther MUD/PLD,

or exclusive interest in a research
career. The group’s level of interest
was roughly comparable to that of
the MSTP-funded dual-degree grad-
uates. The assessment program will
continue (0 examine this issue.

Years of Clinical Training Following
Receipt of the M.D. Degree

An extended period of clinical train-
ing following receipt of the M.D.
degree is requisite to becoming a
physician. The clinical training peri-
od may be equally important to the
physician-scientist, who must be
prepared to integrate the clinical
and research aspects of his or her
work. Until recently, however, little
or no data were available on the

Grants for Science Education, 1994
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Figure 70

Years of Clinical Training Since M.D. Graduation,
1988-1992, as of Academic Year 1992-1993

Mean years

o

BN
ki M . §_‘ .

1880 1991 1992

Year of M.D. graduation and tracking cohort

M Medical student fellows
B Researchscholars
B MSTP MD/Ph.D.

amount of time spent in clinical
training by recent M.D./Ph.D.'s.

Figure 70 presents the average
number of years to date (i.e.,
through the 1992~-1993 academic
year) spent in clinical training by
each of the six study groups of the
tracking project in the five most
recent M.D. graduating cohorts
(1988 through 1992) for which data
are currently avaitable. The data on
clinical training are provided
through the AAMC's Graduate
Medical Education program, where-
in all hospitals and other institutions
offering accredited internship pro-
grams provide information annually
on alt students so engaged.

71 Other M.D/Ph.D.
Interested in research
B Al other M.D. graduates

These data indicate that, with
only slight and largely nonsystemat-
ic variations, the following groups
are pursuing equal average amounts
of formal clinical training: the Insti-
tute's research scholars and medical
student fellows, students who have
been in M.D./Ph.D. programs,
other M.D. graduates expressing
substantial interest in careers involv-
ing research, and all other M.D.
graduates. Thus, recent M.D./Ph.D.
stuclents appear on average to have
pursued a period of clinical training
approximately equal in length to
that undertaken to date by the aver-
age M.D graduate, The only possi-
ble systematic exception may be
among dual-degree students sup-
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ported by MSTP funds. At present,
these students have averaged very
slightly less time in clinical training
than. say, the group “All other M.D.
graduates.”

Finally, with each additional year
following M.D. gracluation, the aver-
age length of clinical training
appears to increase by slightly less
than one year. For example, the
graduating class of 1992 has had
one year to date to pursue clinical
training, and the average length of
such training is almost precisely 1.0
year. The class of 1991 had two
years for clinical training, and its
students’ means are slightly less
than 2.0 years. Similarly, means of
just under 3.0 are found for the
class of 1990.

However, the class of 1989,
which had four years for clinical
training, currently averages approx-
imately 3.5 years (with a little varia-
tion among the groups). and the
oldest graduating class in the track-
ing analysis (1988) averages around
the 4.0-yecar mark (with slightly
more variation). though having had
fully five years for clinical training
since M.D. graduation. Thus, in
ach of the six populations. it
appears that very few students
forego or postpone their first three
years of clinieal training. Beyond
this point. it appears that some stu-
dents, but not large numbers, with-
draw from or begin (o defer this
work.

Preliminary Data on Appeintments
to Faculty Positions in Medical
Schools

The AAMC maintains a database on
all persons appointed 1o facully posi-
tions in medical schools. Such a
position is one possible career step.
or outcome, for the M.D./Ph.D).,
and is often an indicator of some
level of involvement in research.
Therefore, it is of interest to moni-
tor for each of the tracking popula-
tions the propertion appointed to
medical school faculty positions.
The data on medical school faculty
appointments through academic
year 1992-1993 are presented in
Figure 71. (These results must be
considered very preliminary when
viewed as career outcome mea-
sures. They are subject to substan-
tial change in coming years,
because even first faculty appoint-
ments are often received more than
five ycars after M.D. graduation.)

Within four years after receipt of
the M.D. degree, very low percent-
ages ol the populations tracked in
the study have been appointed to a
faculty position at a medical school.
Five yuars after graduation, these
proportions appear to rise consider-
ably (as represented by the class of
1988), ranging from about 3.5 to 6.0
percent. The highest percentages
that have received medical school
faculty appointments to date are
found, for the most part. among
M.D. graduates who were enrolled
in M.D./Ph.D. programs and sup-
poried by MSTP funds.

In future years these percent-
ages are expected to increase for all

: Grants for Science tducation, 1994
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Figure 71

Percentage of M.D. Graduates, 1988—-1992, Who Have
Held Faculty Appointments at Medical Schools as of

Academic Year 1992-1993
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classes and study groups as they
complete their postgraduate clinical
training and postdoctoral research
work. The data for those years will
be examined for appointments in
clinical departments as compared
with those in more research-orient-
ed ones, once the numbers are suffi-
cient to make such distinctions sta-
tistically meaningful.

Doctoral Degrees Earned as of
June 1992

Data on the numbers of M., gradu-
ates who earn a doctorate are essen-
tial 1o quantifying the nation’s pool
of M.D./Ph.D.'s. Information on
how and when the two degrees e

f}

Interested in rescarch
W Allother M.D. graduates

earncd will aid in distinguishing the
relative contributions of the various
educational pathways leading to the
two degrees, and in identifying any
differences in carcer outcomes
among M.D./Ph.D)'s following dif-
ferent routes. Of particular interest
in this regard are the career out-
comes of dual-degree recipients
graduated from M.D./Ph.D. pro-
grams as compared with outcomes
for those whn earn the (wo degrees
independently. Finally, the discipli-
nary fields of the doctorates indicate
the general scientific (and other)
arcas of training acquired by M.D./
Ph.I>'s. Thus, receipt of an earned
doctorate is one of the primary edu-
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cational outcomes to be monitored
in the longiiudina! career tracking of
M.D. gracuates in each of the study
groups in this project, particularly
the Institute’s fellows and scholars,
and students known to have been in
M.D./Ph.D. programs.

The definitive source of informa-
ticn on earned doctorates is the
Doctorate Records Ifile, This is the
national database of all earned doc-
toral degrees awarded by U.S, insti-
tutions from 1920 to the present,
The DRI is maintained by the
National Research Council for the
National Science Foundation,
National Institutes of Health.
Department of Agriculture, and
National Eundowment for the
Humanities,

Selected information from the
DRI has been used for several
years to track all M.D, graduates’
receipt of earned doctorates from
1988 through 1992, Recent M.D.
graduates in each study group of
the tracking project were cnecked
against the DRIF to determine how
many are known to have earned the
Ph.D. (or cquivalent) at any time
through June 1992.

The DRF data that were used in
this analysis include the year of
receipt and the general disciplinary
area of each doctorate, Because the
DRI’ data are currently available
only through June 1992, all analyses
presented here are limited to the
M.D. graduating classes of 1988
through 1992,

Data obtained through the DRF
analysis provide the numbers of
M.D. students in each of the track-
ing project’s study groups who

received, in addition o the M.D.
degree, a doctoral degree at any
titme through june 1992, This analy-
sis thus locates dual-degree pro-
gram students, including those with
or without MSTT support, who have
carned both degrees. It also locates
other recent M.D. graduates with a
Ph.D. who were not identified as
having been in (lual-dégree pro-
grams--students who entered med-
ical school with a Ph.DD. and those
who independently earned the doc-
torate (during or prior to June 1992)
after receiving the M.D. degree.

This analysis thus provides unique

and essentially complete data on the
recent pool of M.D./Ph.D.’s,

Beginning with the graduating
class of 1988, M.D. graduates who
were enrolled in dual-degree pro-
grams with MSTP support have
accounted for approximately 100
new M.D./Ph.D.’s from each class
(Figure 72). In the three oldest class-
es studied (1988 through 1990),
M.D. graduates who expressed sig-
nificant interest in research, and all
other M.D), graduates, have account-
cd for the greatest absolute numbers
of M.D./Ph.D.'s. However, in the
two most recent classes (1991 and
1992), cach of the four study groups
has produced approximately equal
numbers (90 to 100) of such new
dual-degree holders.

The study group of students
reported to have been in M.D./
Ph.D. programs but without MSTP
support appears to have accounted
for an increasing number of new
M.D./Ph.D.’s since 1988, This
growth, however, may he an artifact
of the better reporting of such stu-

131

Grants for Science Education, 1994



Program Assessment

Figure 72

M.D. Graduates, 1988-1992, with Doctoral Degrees as of
June 1992: Numbers and Ph.D. Fields by Year of M.D.
Graduation and Tracking Cohort-

Number with Ph.D.

175

L]

“"ABCD ABCD ABCD ABCGCD

1988 1989

1990 1991

Year of M.D. graduation and tracking cohort

Biological sciences
Other natural sciences
All other fields

dents noted earlier. Beginning with
the class of 1990, when consistent
reporting began, the number of
dual-degree holders in this group
has been nearly constant at approxi-
mately 90 to 100 each year.

No data on earned doctoral
degrees are presented here for the
Institute’s fellows or research schol-
ars. Through June 1992, only two
such students are known to have
earned the Ph.D. degree. Future
years’ data from the tracking project
will be necessary to determine how
many of these students earn doctor-
al degrees.

In all study groups and all class
years, a large majority of M.D./

Fdai)

A MSTPM.D/Ph.D.

B Other M.D/Ph.D.

C Interested inresearch
D All other M.D. graduates

Ph.D.'s earned their doctoral
degree in the biological sciences
(Figure 72). On a proportional
basis, this applies most to students
known to have been in dual-degree
programs, either with or without
MSTP support. Among those inter-
ested in research and all other M.D,
graduates, the numbers and propor-
tions with Ph.D.'s in other natural
sciences and mathematics are
somewhat greater. though doctor-
ates in the biological sciences pre-
dominate among these study
groups as well. Only the latter two
study groups, however, contain
appreciable numbers of M.D./
Ph.D.’s holding doctorates in fields
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Figure 73

- - - ' |
M.D. Graduates, 1988-1992, Who Had Earned a
Doctoral Degree as of June 1992

Percent
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B MSTP MD/Phb.
E: Other M.D/Ph.D.

other than the sciences and mathoe-
matics.

In proportional terms the highest
percentages of MDD, graduates hold-
ing an carned doctoral degree by
June 1992, in cach of the classes
from 1988 through 1992, arc found
among those in dual-degree pro-
grams and supported by MSTP
funds (Figure 73). Approximalely 70
to 90 percent of these graduates are
known (o have carned a Ph.D. by
that time. The proportion increases
steadily, reaching nearly 90 percent
among such students from the class
of 1988, These results indicate that as
many as 20 percent of MD./Ph.D.'s
may complete the doctoral degree
two or more years following award of

Interested in research
M All other M., graduates

the M.D., and that eventually 90 poer-
cent or more of all such MSTIP stu-
dents may carn the doctoral degree.
Future data from the tracking project
will monitor this trend.

By far the next highest percent-
age holding an carned doctorate is
found among the other students
known (o have been in M.D./Ph.D.
programs. This proportion also
shows steady increase since M.D.
graduation for the classes of 1990
through 1992, In the prior two class-
es (e, those of 1988 and 1989),
this proportion appears to be lower.,
This result may be an artifact of the
incomplete reporting of these stu-
dents prior to the 1990 class, or may
represent actual reecent increase in
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the proportion of such students
carning the doctoral degree.

"The two other study groups have
provided absolute numbers of
M 5./ Ph.D’s equal to or greater
than the groups known to have
been in dual-degree programs. On a
proportional basis, however, less
than 10 percent of those expressing
interest in research, and only about
1 to 2 percent of all other M.D.
graduates collectively, from each of
these five graduating classes, had
carned doctoral degrees by June
1992.

Sequence and Timing of the M.D.
and Ph.D). Degrees

Reporting in the Journal of the
Ameriran Medical Association (264:
1919-1920, 1990) on the first annual
symposium on the education of
physician-scientists, E. Krill and A
Skolnick noted the dearth of con-
parative information on the carcers
of graduates from dual-clegree pro-
grams and on those of M.D./
Ph.D).'s who earned the two degrees
independently. The authors noted
that no comprehensive longitudinal
studies of carcer outcomes among
cither group had been conducted.
In order to address this issue, one
must determine the sequence and
timing of the two degrecs.

Analyses to date have focused on
determining the numbers of M.D./
Ph.D.'s who earned the two degrees
in each of three sequences: earned
the Phu.DD. three or more years prior
to the M.D., earned the two degrees
approximately coterminously, or
earned the Ph.D. two or more years

after the M.D. Results from these
analyses are presented for selected
study groups tracked in this project.
In subsequent years, analysis will
begin to focus on longer-term
Career outcomes.,

Nearly all of the M.D./Ph.D.'s
among recent M.D. graduates iden-
tified as having been enrolled in
dual-degree programs, with or with-
out MSTP support, earned the
Ph.D. more or less concurrently
with the M.D. (FFigurce 7 4). Specifi-
cally, they earned the Ph.D. fewer
than three years prior to, and fewer
than two years following, award of
the M.D. Generally the timing of
the two degrees was within the
expected range for graduates of
such programs.

In sharp contrast, most of the
M.D./PPh.D.s in the other study
groups carned the Ph.l). degree
three or more years before the
M.D. Thus, most of these M.D./
Ph.D.s appear to have enlered med-
ical school after completing, or
nearly completing, their doctoral
work.

However, as many as 25 percent
of recent M.D. graduates not report-
ed to have been in M.D)./Ph.]). pro-
grams carned the two degrees
more or less coterminously, within
the range of timing expected for
dual-degree programs (suggesting
a necd for confirmation of their
reported status during medical
school). Even so, as noted, the num-
ber of M.DD./Ph.D."s who earned the
doctorate well hefore the M.D.
degree far exceeds the number who
coterminously earned the two
degrees.
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Sequence and Timing of M.. and Doctoral Degrees:

M.D. Graduates, 1988-1992, with Doctoral Degrees as of

June 1992

Number with Ph.D.

175
150
125
100

5

Year of M.D. graduation and tracking coliort

M Ph.D. 3 ormore years before M.D.

B Approximately coterminous M.D. and Ph.D.

W Ph.D. 2 or more years after M.D.

Finally, as suggested in the
analysis of the percentages of cach
class and study group holding
earned doctorates (Figure 73), the
classes of 1988 through 1990 now
have a few M.D./Ph.D.'s who
earned the doctoral degrece two or
more years after the M.D). degree.
As noted, the analyses presented
here are limited to doctoral degrees

A MSTPM.D/Ph.D.

B Other M.D/Ph.D.

C TInterested in research

D All other M.D). graduates

awarded by June 1992. In future
years, more M.D. graduates in
these five classes may carn doctoral
degrees, raising both the absolute
number of M.D./Ph.D.s and the
proportions of the various study
groups holding both degrecs.
These and other analyses emerging
from the tracking program will be
reported as they become available.

ko e
1)
(«8x

Aruitoxt provided by Eric:

Grants for Science Education, 1954



ERIC

Aruitoxt provided by Eric:

Policies and Procedures for Grant Applications

Policies and Procedures for Grant Applications

G!‘anls and fellowships awarded
by the Howard Hughes Medical
[nstitute are administered by its
Office of Grants and Speeial Pro-
grams, The awards are made under
specific initiatives, cach with its own
objectives and guidelines,

In bricf, graduate fellowships,
grants for undergraduate and pre-
college science education, and
grants for rescarch in selected
countries abroad are awarded on
the basis of applications or propos-
als reviewed by outside panels of
scientists and educators. The pan-
ols” evaluations are reviewed by an
internal scientific committee, which
makes recommendations to the
[nstitute’s Trustees for authoriza-
tion of funding. The Trustees and
Institute management annually
review current grants policies, ini-
tiatives, and possible directions for
program development.

Figure 75

The Institule does not award
grants for research in the United
States; nor does it award institution-
al training grants or support confer-
ences or publications, Policies and
procedures lor the several program
arcas are described below,

The Institute Grant-Making
Process

Institute grants and feltowships sup-
port science education at all levels
in the United States and its territo-
rics. The six main program arcas
arc graduate, undergraduate, and
precollege seience ceducation,
research resources, special pro-
grams (local initiatives), and the
international program (Figure 75),
Most of the competitions arc
announced publicly at the start of
the grant eycle. Program announce-

The Grants Cycle

Graduate Undergraduate Precollege Research Resources Special (Local)
Announcement Broad Limited None
Application Ol"‘f'. Invitation only Ad hoe

competition

External review

lnternal review

Awards $14.6 §25.2
Payment Biannual
Assessment

Management/Trustecs

S48 $la $0.5

Annual

Annual finaneial reports/progress reports/grantee neetings

International

Broad

Nomination or
apen competition

External review panels of 15-20 members from academia. government, and induzstry
(review panels convened by NRC for the predoctoral fellowship program)

548

The HIME grant-making process varies somewhal from program lo program (lop ). Operalions, hmeever, are broadly similar in cach phase of the
granls cycie (left, descending ). A call for applications, for exanuple, is made in all prograins, though some target different types of institutions or
different regions from one competition o another. The Awards row shows lolals for fiscal 1993 in miltions, [f ail hastitule grants are included, the

grand total is $51. 4 million.

{
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ments give information on the
objectives, eligibility requirements,
and application process, and pro-
vide an application form. All fellow-
ships under the graduate programs
are offered in open competition,
while the institution-based grants
(undergraduate and precollege) go
to specific types of institutions that
arc invited to apply. The local initia-
tive and resource awards arc gener-
ally by invitation only, and the inter-
national awards are -limited to
selected regions.

For the graduate fellowship pro-
grams. applications are duc several
months after announcement. They
typically include verification of eligi-
bility, a proposal or research plan,
the applicant’s crederitials, tetters of
recommendation, and a proposed
budget. Additional materials such
as publication reprints or education-
al tranceripts may bhe required. The
completed applications are exam-
ined by the grants staff to ensure
completeness and eligibility. An
exception is the predoctoral fellow-
ship program. for which, in view of
the large number of applicants (up
to 1,600 annually), the National
Research Council manages the
review under an Institute grant.

For the undergraduate, precol-
lege, and international programs,
proposal deadlines follow the
announcement by several months,
Executive summaries, narrative
descriptions of the proposed pro-
gram, and budget sumaries and
detail are required. Institutions must
also submit institutional and depait-
mental data and, as appropriate, let-
ters of commitiment from collaborat-

ing institutions, They are asked to
designate a program director.

For the graduate, undergraduate,
precollege, and international pro-
grams, applications and proposals
are assigned 1o external panel mem-
hers for review and evaluation. Selec- -
tion of the reviewers, usually no
more than 20 per competition, is
based on professional credentials
and expertise in a field germane to
the program area, Panelists are gen-
erally scientists and educators in
academia, government, and industry
who are asked to serve for a set term,

An internal scientific committee
next reviews the pancl evaluations.
The committee, in turn, makes rec-
ommendatic .5 to the Institute
Trustees, who authorize funding of
the speciiic awards. For the fellow-
ships, however, authorization is via
the fiscal-year program budget. The
Trustees do not authorize the spe-
cific awards in these cases.

Following the Trustees” autho-
rization, grants are announced to
the awardces and the press.
Awardee institutions are then asked
to complete and sign a document,
General Terms and Conditions, and
for graduate programs, to name a
fellowship officer. For the under-
graduate and precollege programs,
awardee institutions must also
develop an accepted budget. As an
adjunct to General Terms and Con-
ditions, an information booklet set-
ting forth detailed policies and pro-
cedures is issued annually for each
program.

Beginning in fiscal 1995, pay-
ments will be sent to institutional
and international grantees annually

157
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and to the fellowship institutions
biannually. For the irstitutional
grants, spending is governed by the
previously agreed-upon budget. FFor
the fellowships, the policies on
amounts and uses of funds are spec-
ified in the information booklets.
Grant recipients arc assessed
annually. Program and financial
report forms are sent to each
grantee for completion. These
inform the staff of grant-funded
activities and expenditures during
the reporting year. In addition,
annual meetings convene fellows
and program directors at Institute
headquarters in Chevy Chase to
meet once another and invited

guests, to hear presentations, and to

exchange information and ideas.
The international research
awardees participate each year in
one of the scientific meetings of
Institute investigators.

Finally. the Institute publishes
annual reports on progress,
finances, and program directions.

Graduate Education in the
Biological Sciences

The Institute supports graduate
education through fellowships to
indlividual students and physici-as.
As mentioned above, it does not
award institutional training grants.
There are three graduate fellowship
programs.

Predoctoral Fellowships in
Biological Sciences

These fellowships provide support
for up to five years of full-time study

Policies and Procedures for Grant Applications 1 w £
3 Q

toward the Ph.D. or Se.D. degree in
specific areas of the biological sci-
ences. They are awarded to individ-
ual students through an internation-
al competition. Processing and
review of the fellowship applications
are managed by the Fellowship
Office of the National Research
Council/National Academy of Sci-
ences. The application deadline is in
carly November each year, and
awards are announced by early
April.

Research Training Fellowships for
Medical Students

Fellowships awarded under this
program enable medical students in
the United States to undertake a
year of full-time fundamental
research. Awards are based on a
national competitionr. The applica-
tion deadline is in early December
each year, and the awards are

announced by early April.

Postdoctoral Research Fellowships
for Physicians

These fellowships provide support
for three years of full-time research
for physicians who have completed
at least two years of postgraduate
clinical training and no more than
two years of postdoctoral research
training by the start of the fellow-
ship. Awards are based on an inter-
national competition. The applica-
tion deadline is in early January
each ycar, and awards are
announced by the end of July.
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or program announcements an
applications contact:

lowship

Predoctoral Fellowships in Biological Sciences

Hughes Predoctoral Fellowship Program
National Research Council

Fellowship Office

2101 Constitution Avenue

Washington, DC 20418

Research Training Fellowships for Medical Students

Howard Hughes Medical Institute

Office of Grants and Special Programs/MED
4000 Joues Bridge Road

Chevy Chase, MD 20815-6789

(301) 215-8884

Fax: (301) 215-8888

Postdectoral Research Fellowships for Physicians

Howard Hughes Medical Institute

Office of Grants and Special Programs/POST
4000 Jones Bridge Road

Chevy Chase, MD 20815-6789

(301) 215-8884

Fax: (01) 215-8885

112

Research Resources

This program provides support {o
research and educational institu-
tions in the United States that serve
as national resource laboratories
and teaching facilities, including
these supplying unique biological
stocks and materials. The Institute
limits the grants to organizations
whose activities not only serve the
biomedical research community as
a whole, but also coincide with spe-
cific Institute interests. All propos- -
als are rigorously evaluated to
ensure that the awards respond to
demonstrated needs.

Undergraduate Biological
Sciences Education Program

Grants under this program are
intended to strengthen undergradu-
ate education and research in the
biological sciences and such related
fields as chemistry, physics, and
mathematics, in U.S. academic insti-
tutions. Proposals are submitted by
invitation only.

A principal objective of the pro-
gram is (o attract and retain science
students, including women aud
members of minority groups under-
represented in the sciences. One
approach is through the support of
stimulating research experiences.
Another objective is Lo strengthen
undergraduate science education
by providing for the acquisition of
modern equipment and for laborato-
ry renovation. Another is to forge
stronger links among educational
institutions at all levels by providing

)
£

"

tJ Grants for Science Education, 1994



Policies and Procedures for Grant Applieations

(%)

ERIC

A ruiToxt provided by Eric [

opportunities in the sciences for
teachers and students.

Compeling inslitutions are
assessed on the basis of their
records of having gradudted stu-
dents who went on to matriculate in
medical school or to earn doctoral -
degrees in biology, chemistry,
physics, and mathematics (during
the most recent 10-year period for
which data are available). Institu-
tions are invited to compete based
on data from the Association of
American Medical Colleges, the
National Research Council, and the
U.S. Department of Education. In
addition. a number of institutions
are invited to participate on their
wceord of having graduated students
from minority groups underrepre-
sented in the sciences wh » went on
to medical school or to earn doctor-
ates in biology or related fields.

1994 Undergraduate Program
Competition

For the 1994 competition, invitations
to compete have gone to public and
private universities classified by the
Carnegie Foundation for the
Advancement of Teaching as
Research Universities I and 1I and
Doctorate-Granting Universities 1
and II. Research I universitics
receive annually at least $33.5 mil-
lion in federal support for research
and development and award at least
50 Ph.D. degrees cach year.
Research Il universities receive
annually between $12.5 million and
$33.5 million in federal support for
rescarch and development and
award at least 50 degrees each year,

149

Both groups offer a full range of bac-
calaureate programs, are committed
to graduate education through the
doctoral degree, and give high prior-
ity to research. In addition to offer-
ing a full range of baccalaureate pro-

grams, the mission of doctorate -

granting institutions includes a conr
mitment to graduate education
through the doctorate. Doctorate-
granting I universities award at least
40 Ph.D. degrees annually in five or
more academic disciplines. Doctor-
ate-granting Il universities award
annually 20 or more Ph.D. degrees
in at least one discipline or 10 or
more Ph.D. degrees in three or
more disciplines.

Precollege and Public
Science Education

Through this grants program, the
Institute explores avenues of sup-
port for precollege and public sci-
ence education. Initiatives are
designed to address the level of sci-
entific knowledge and interest of
both schoolchildren and adults.

In 1987 the Institute awarded a
grant to the National Research
Council to support a comprehensive
study of biology teaching at the ele-
mentary and secondary levels. In
September 1990 the NRC reported
the results in Fulfilling the
Promise—RBiology Education in the
Nation'’s Schools. The major findings
and recommendations have been
carefully considered in developing
the precollege and public initiatives.
Guidance is also provided through
results of the precollege-oriented

I3




(%)

ERIC

Aruitoxt provided by Eric:

114

outreach activitics of the Institute’s
undergraduate program.

The precollege initiative currently
under way provides support to sci-
ence museums, aquaria, botanical
gardens, and zoological parks,

Awards to children’s museums,
general science and natural history
museumns, and science and technol-
ogy centers support science educa-
tion programs for children and
youth, their teactiers and families,
and communily organizations.
Grants were awarded in 1992 and
1993 for five-year periods. The 1993
awards were the first to include
aquaria, botanical gardens, arbore-
ta, and zoos.

Competitors were selected after

consultation with numerous cxperts
in the field. Reviewers took into
consideration existing relationships
with educational organizations, as
well as experience in conducting
high-quality science education pro-
grams at the precollege level.

Precollege Science Education
Initiative for Biomedical Research
Institutions

An initiative for biomedical research
institutions is the Institute’s latest
effort in the area of precollege sci-
ence education. It will enable sci-
ence-rich institutions to work in col-
laboration with schools, youth orga-
nizations, and community groups.
The objective is to develop educa-
tional activities that focus specifical-
ly on biology or integrate biology
with other scientific disciplines. It
will build on the unique resources
that biomedical research institu-
tions can offer, through educational

activities of a less traditional nature,
1y stimulate interest in science, par-
ticularly among young people.

The 1994 grants competition was
open (o biomedical research institu-
tions that the Institute had invited
to apply. These comprise about 250
medical schools, academic health
centers, and independent research
institutions. The selection was
made after consultation with the
Association of American Medical
Colleges, Association of Academic
Health Centers, Association of Inde-
péndent Research Institutions, and
several databases.

Local Initiatives

The Institute’s local science educa-
tion grants address national con-
cerns regarding the state of science
education by providing unique
opportunities at the local level for
students and teachers to gain
hands-on experiences in the science
classroom and research laboratory.
The primary recipients are public
school students and teachers of
Montgomery County, Maryland,
though some awards may benefit
those in the greater Washington
arca. The Institute works closely
with school officials and local
research institutions in developing
the projects. Although the Institute
will consider unsolicited requests,
the grants are intended to support
objectives through well-defined sci-
ence education programs in the
local community.

1 y - . .
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|
International Program

International Research Scholars
Program

The important contribution of scien-
tists abroad to advances in biomed-
ical science stimulated the Institute
to launch in 1991 a limited program
ol international research grants.
Small and experimental, the pro-
gram is limited to specific selected
countries. The first grants are sup-
porting the research of scientists in
Canada and Mexico; and the second
competition, announced in 1992,
was for awards to Australia, the
United Kingdom, and New Zealand.

Each grant supports research
expenses, with considerable flexibil-
ity for a term of five years. The
recipients are promising scientists
who have made significant contribu-
tions to fundamental biomedical
research and are still developing.
They must hold appropriate
full-time academic or research
appointments, and may not be citi-
zens or permanent residents of the
United States.

Nominations of candidates are
requested from officials of leading
hiomedical organizations in the cli-
gible countries and from Institute
investigators, review hoards, and
advisers. Eligible nominees are eval-
uated by a large panel of scientists
with appropriate expertise, and
those rated highest are invited to
submit a brief research proposal. An
external review panel cvaluates the
proposals and ranks the candidates.
Then the Institute’s management,

weighing the rank order and the
Institute’s overall objectives, recom-
mends awards to the Trustees for
authorizalion of funding.

Research Grants for Eastern
Europe and the Former Soviet
Union

In 1994 an international program of
research grants was directed at bio-
medical researchers in 10 selected
countries of Eastern Europe and of
the former Soviet Union. Forty to
sixty awards will fund scientists in
their own institutions, and an equal
number will involve international
collaboration. The competition
involves an open application process
and then follows review procedures
comparable to those for the Interna-
tional Research Schotars Program.

Other International Activities

Other than the 1991 and 1992
awards described above, the Insti-
tute has made only one grant under
the International Program. This is
for joint activities by the U.S.
National Academy of Sciences and
the Mexican Academia de la Investi-
gacion Cientifica. Few additional
awards are anticipated. Applications
should only be submitted after con-
sultation with the grants program
management.

Program Assessment

Program asscssment activities
involve research by various public
and private agencies external to the
Institute, as well as internal analy-
ses. The external activities are gen-

SRETY:




erally conducted through contracts
for specific research projects. Thus,
there is no grants program as such
for program assessment.

|
Unsolicited Proposals

Although the Institute will consider
unsolicited requests, grants are
intended to support specific objec-
tives through well-defined pro-
grams. Thus the Institute will only
be able to fund a small fraction of
unsolicited proposals. The grants
program does not support research
projects in the United States.
Rather, the Institute directly
employs independent investigators
in Institute laboratories at leading
universities, research hospitals and
academic medical centers.

Initial correspondence to the
Institute concerning support for sci-
ence education should be in the
form of a brief letter outlining (1)
the specific need and the approach
proposed. (2) the institution's spe-
cial capahilities for implementation,
(3) the qualifications of the pro-
posed director, (4) the general plan
of action to meet the objeclives, and
(5) the estimated budget, timetable,
and cxisting funds for the project.

Further information on the Inst-
tute's research programs, copies of
the annual report, and other publi-
cations are available from the Office
of Communications.

l

i
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Correspondence and inquiries concerning
the grants program should be directed to:

Joseph G. Perpich, M.D., J.D.
Vice President for Grants and Special Programs
{(301) 215-8890

Barbara Filner, Ph.D.

Graduate Science Education Program and
International Research Scholars Program
(301) 215-8884

Stephen A. Barkanic
Undergraduate Science Education Program
(301) 215-8872

David L. Davis-Van Atta (acting)
Precollege and Public Science Education Program
(301) 215-8873

David L. Davis—Van Atta
Program Assessment
(301) 215-8872

Howard Hughes Medical Institute
Office of Grants and Special Programs
4000 Jones Bridge Road

Chevy Chase, MD 20815-6789

Fax: (301) 215-8888

For publications and information on the Institute,
contact:

Howard .~ s Medical Institute
Office of Commynications

4000 Jones Bridge Road

Chevy Chase, MD) 20815-6789
(301) 215-8862

. /j sy Grants for Science Education, 1994
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and Fellowship Institutions (annual)
Information for Predoctoral Fellows and
Fellowship Institutions (annual)
Information for Physician Research
Fellows and Fellmeship Institntions
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I'ndergraduate Biological Sciences
Education Program

Information for Colleges and Universitios
Awarded Undergraduate Grants (annual)

Precollege and Public Science Education
Program

Informatian for Science Musenins and
Biowmedical Research Institulions Awarded
Precollege Granis (annual)

International Program

Information for Interuational Research
Scholars and Grantee Institilions
(biennial) "
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