Integration of Research
and Education

What does it mean and how can it be accomplished?
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Neal Lane, the director of the National Science
Foundation, has recently been writing a great deat
about the role of the scientist in educating the
public {Science, February 16 and 23, 1996). The
article, "Science and the American Dream:
Healthy or History?”, June 1996 Notices"of the
AMS, continues this same train of thought. Dr.
Lane states, “1 believe that the new leadership
needed from the research community is to carry
our understanding of science and its value into
the life of own communities through our teach-
ing, to be sure, but in many other ways as well.”
It is this phrase, “in many other ways", that is
the real challenge to us in the research com-
munity, and it is the launching pad for this ar-
ticle. I would like for us to think about the role
that our investigations can play in motivating our
children and for causing more mathematics to
be included in their curricula.

Dr. Lane points out the important fact that
federal funding for science comes out of “dis-
cretionary funds”, This is not an entitlement;
rather Congress must be convinced that the pub-
lic will benefit from this investment of the pub-
lic's money. There is always this pressure be-
tween funding educational initiatives or funding
scientific research. NSF certainly feels this pres-
sure from all sides. The concern that NSF has in
encouraging sclentists that it funds to bring the
results of their investigations to the public so
that the students of our community will want to
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pursue scientific careers is not new. In 1993
NSF submitted a report to the Appropriations
Committee of the United States Senate entitled,
*On the Imbalance in the Weight Given Teach-
ing and Research in U.S. Universities; NSF and
the Changing Academic Climate”. This report was
submitted to this committee in response to a di-
rective of the Senate Appropriations Committee
in Senate Report 102-356 of August 3, 1992,
‘This directive read: '

In decisions of support and promo-
tion of university mathematics and
science faculty, a serious imbalance
exists between the weight given to
teaching and research contributions.
The Committee believes that this sit-
uation is a significant impediment
to providing students with the high-
est quality undergraduate education.
The Committee urges the Founda-
tion to seek ways to bring about the
required cultural change in U.S. uni-
versities and to recognize those in-
stitutions that serve as national mod-
els of excellence in undergraduate
mathematics and science education.
The Foundation should report to the
Comumittee on its plans concurrent
with its fiscal year 1994 budget.

The comments made by Neal Lane make it
clear that NSF is responding to the concerns of
Congress, and rightly so. This country funds
scientific investigation, and it is in the best in-
terest of this country to use the results of this
research to educate the public to the impor-
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tance of science, The more community support
there is for mathematics, the more likely that
funding for our investigations will resull. This
public understanding of our research should be
a responsibility of those individuals who have
created that research.

The Southwest Regional Institute in the Math-
ematical Sciences (SWRIMS), based at the Uni-
versity of Arizona, is but one of the many ex-
periments that NSF is funding to shed light on
how the university researcher can become inti-
mately involved in this enterprise, that of edu-
cating our country. SWRIMS received its initial
funding in 1994 and is scheduled to run for
four years. At present SWRIMS is funding pro-
jects at Northern Arizona University, Utah State
University, and the University of Arizona. These
projects should provide the university research
community with models that allow for the inte-
gration of research and education at the uni-
versity level, The notion of integrating research
and education may appear strange to most of us
in the research community. What does it inean?
One vision for the future that NSF has enunci-
ated is that the investigator should be involved
in both the creation of knowledge and in edu-
cational initiatives.

In mulling over how to address this question
of integrating research and education, of allow-
ing the researcher the opportunity to also be-
come involved in educational initiatives, we in
SWRIMS have formulated some projects, which
we are currently carrying out, and we have for-
mulated a challenge to the research community.
Can the research community repackage the re-
sults of its investigations, of the progress that
has been made in recent years, so that these re-
sults or this progress can be understood and ap-
preciated by a less mathematically prepared au-
dience? In repackaging this new knowledge, we
want to present it in such a way that the audi-
ence would come to value our subject and be mo-
tivated to pursue further mathematical studies
to a level sufficient to be able to participate in
today’s technological society. We all fully un-
derstand that not every piece of research is
suited to such repackaging. Nevertheless, the
research community has a treasury of ideas, of
techniques and results, that have been developed
over the years. These new ideas and results
should be used to educate our citizenry to the
importance and relevance of mathematical rea-
soning. We, in the research community, know full
well that it is not facts that are important; rather
it is in our approach to formulating problems,
in organizing and interpreting data, and that
this best can be communicated by having stu-
dents actively involved in doing these things.

Mathematicians are prone to stating that the
ideas that they work on, the research that they
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carry out, is much {oo abstract to present o
nonmathematicians. Could we present to high
school students, or even to undergraduates, the
basic ideas of cohomology or class field theory?
This is a debatable point. Certainly there must
he some thread that connects our own research
to the world. And it is this thread of ideas that
could be used to bring some present-day re-
search to a wider audience.

Of course, the science community is already
heavily involved in thiis activity. New under-
graduate and graduate texts appear regularty. It
is the distinct aim of these textbooks to com-
municate and, to some extent,
incorporate the results of re-
search and progress in math-
ematical thinking intc the un-
dergraduate and graduate
curriculum. But SWRIMS is sug-
gesting that this activity reach
down into the K-12 community
of faculty and students. In look-
ing at the material that is pre-
sented to the K-12 community,
has it been impacted by the re-
sults of our researches from the
great flowering of mathematical
research that has resulted from
the funding of the NSF for the

this century? Or from the last
cerftury? How many times have
we tried to convince someone
that Euclid did not have the last
word on geometry, that math-
ematics is not dead, that math-
ematics is not the study of an-
cient history and techniques?
I strongly believe that it is
the community of researchers

of this repackaging of the fruits
of our research. Who knows bet-
ter than we the wonder of math-
ematical research, of its utility
and its applicability? just as it
is wondrous to be involved in the creation of
knowledge, it can be just as rewarding and in-
tellectually challenging to figure out how best to
communicate that knowledge.

I would like to put forth one idea that might
lead to this integration of research and educa-
tion. It is a course of action that could be taken
by a group of university faculty. In many re-
search departments, there are groups of math-
ematicians that form an intellectual unit. They
all study one common theme. These groups usu-
ally meet regularly in seminars, oftentimes on a
weekly basis, to pursue some topic of intellec-
tual interest to the whole group. Guest speak-
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ers are brought in, seminal papers are agreed
upon, and their contents are made known to
the entire group through discussion. The results
of these papers will, hopefully, push forward the
research interests of the group.

I would like to suggest a similar, though less
time-intensive, activity aimed at identifying some
topics from the research area that would be suit-
able for repackaging. It should be the goal that
every seminar that meets on a weekly basis
should produce at least one topic per year that
would be suitable for dissemination to a wider
audience. It does not have to be aimed at the
K-12 community necessarily. It might be ap-
propriate for the topic to be introduced to col-
lege students in their first year of study. Hope-
fully, though, many of the topics would be
appropriate for the K-12 community.

In thinking about what might be prepared, it
would be a serious oversight to carry out this pro-
ject without getting some input from the K-12
community. | suggest that an academic year
begin with a colloquium given by a group of
K-12 faculty. This colloguium would be ad-
dressed to the entire university mathematics
department. The K-12 faculty would present
and discuss directions in which they would like
to see materials developed for their own teach-
ing needs. Once a topic has been agreed upon
by the group, a subset of the seminar should.be
identified 1o carry out the preparation of some
activity that would serve to bring this math-
ematical idea to the intended community. The
graduate students shoukd be included in this
activity. It might even be considered that this
kind of activity should form an important part
of their training. We should not be wedded to the
notion that the end result should be a lecture.
Hopefully, technology would be used to con-
cretely understand the problem. If the topic
were aimed at the K-12 community, then un-
dergraduates and K-12 faculty should he con-
sulted so that the material that is to be pre-
sented would be appropriate for the intended
audience. It is important to point out that the in-
dividuals who prepare the presentation are not
necessarily the ones who would be giving the pre-
sentations.

It is not necessary that seminars act alone,
There are other seminars throughout the geo-
graphic region that are addressing the same sci-
entific questions. This educational activity would
provide an excuse for collaboration in that re-
gion. One of the side benefits to this exercise is
that the university faculty would come to better
understand the process of communicating math-
ematics to their students.

[ would like to conclude with a brief outline
of how SWRIMS operates. The underlying phi-
losophy of SWRIMS is that of mathematical mod-
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elling. The scientific topic for the academic year
1995-96 was population biology, and the activ-
ities began with a research conference in August
1995. Scientists/mathematicians were invited
to participate in this conference and give talks
on their research. The participants were told
that there would be some high school faculty in
attendance and were asked to prepare their talks
accordingly so that a more general audience
might be able to follow their presentation. On
the whole, the lecturers should be praised for
their efforts and their successes in communi-
cating their ideas. This success can he summa-
rized by the remark made by one of the research
participants: “I am inviting high school teachers
to all of my conferences—the extra effort made
in preparing the talks made them more acces-
sible and enjoyable for all of us.” As the con-
ference progressed the presenters were also
asked if they could suggest topics from their own
research thar might be suitable for broader dis-
semination, in particular, for dissemination to
the high school community. Several presenters
took the time to suggest some interesting top-
ics.
The funds provided by SWRIMS to Northern
Arizona University, the University of Arizona,
and Utah State University were used to form
“core groups” consisting of 2-3 university fac-
ulty, 1-2 graduate students, 1-2 undergraduate
students, and 2-3 high school faculty. The funds
were used to provide course release for the uni-
versity faculty and graduate students and
stipends for the undergraduates and high school
faculty. The core groups met on a weekly basis;
the meetings sometimes dealt with the math-
ematics and at other times with the process of
how to communicate this mathematics to the
high school community. Once ideas were for-
mulated on a presentation for the high school
students, the ideas were tried out in a high
school classroom. The high school faculty ben-
efitted from the mathematical discussions, and
the university faculty benefitted from the ef-
forts to communicate the material, as well as
from the experience of presenting or partic-
ipating in the high school presentations.

The activities that were carried out at the var-
ious sites were as varied as the sites themselves,
The organizing concept used at Utah State Uni-
versity was that of the symbiotic relationship that
exists between a research biclogist and an ap-
plied mathematician. This concept led to BAMIM,
the Biology/Applied Mathematics Instruction
Model (contact Cangelosi or Powell at the ad-
dresses given below for documentation in this
project). The research bioclogist designs a study
in which experiments are conducted, empirical
observations are made, data are collected, results
reported, and conclusions drawn, The complexity
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of biological research studies requires the ap-
plication of mathematics not only to analyze
data but also to formulate mathematical mod-
els for describing scientific phenomena and rec-
ognizing patterns. The state of mind of the re-
searcher in the biomathematics frontier is the
state of mind that BAMIM would like to create
in the minds of the students. The BAMIM con-
cept was incorporated at several middle and
secondary schools in Utah. For example, a life
sciences class, an advanced placement calculus
class, and a computer science class collaborated
on several experiments. The calculus students
developed mathematical models based on data
from predator-prey simulations and plant growth
experiments. Computer science students wrote
- programs to execute algorithms and run simu-
iations.

Northern Arizona University began by devel-
oping a semester-long course for high school fac-
ulty in population biology. The notes for this
course are available as of September 1996. Once
the high school faculty were familiar with the
concepts used in population biology {Leslie ma-
trices, logistic and exponential growth), the core
group accepted the challenge of developing ma-
terial for the high school classroom that would
involve these ideas. The development of this
material was the responsibility of the entire
group, so that university faculty spent time in
the high school classroom working with the stu-
dents and learning what it means to communi-
cate mathematics in that setting. The core group
presented colloquia to the mathematics de-
partment at NAU detailing the activities that
they were involved in. The material that the core
group at NAU developed incorporated examples
from the region. Data on the population of deer
in the Kaibab Plateau, as well as data on Kaibab
squirrels in Arizona, were obtained and math-
ematical models were developed to study the
populations over many years. The Africanized
bee has now reached the middle part of the state
of Arizona and is now a concern to those peo-
ple who live in the northern part of the state. The
natural question is when or if the bees will reach
the northern part of the state. Several lesson
plans were developed that brought mathemat-
ics to bear on the study of the spread of these
bees. In all of these lesson plans, experimenta-
tion was emphasized, as well as the use of tech-
nology.

The core group at the University of Arizona
began by focussing in on the notion of expo-
nential growth. The group decided to develop
very hands-on materia) that would result in data
that exemplified the way that populations grow.
Initially, only the size of the population was
studied; later, structured populations came into
play, and students were led through matrix cal-
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culations. The direction that this core group
took was very much influenced by the research
conference that was held in the summer of 1995
in Logan, Utah. The core group broke up into sev-
eral subgroups, each studying a particular topic
from one of the research talks that were given.
There were three groups: one studying flour
beetles, another studying predator-prey mod-
els, and another studying bees. I shall describe
here only the work on bees.

At this summer conference James Matis, from
Texas A&M University, gave a talk based on his
work on predicting the arrival of the Africanized
bees to the United States. This paper concerned
the development of a two-dimensional stochas-
tic model that was designed to predict when the
Africanized bees would arrive in south Texas by
way of the Mexican state of Tamaulipas. The
model that Matis produced gave a date for the
arrival that was only two months off. In order
to arrive at this model, several parameters had
to be estimated: swarming rate, absconding rate,
death rate, and immigration rate. These para-
meters are different at different times of the year
and also vary with geography.

The core group brought in bee experts who
provided invaluable scientific insight. Several
papers on bees were studied, and the group
sought to integrate this material in such a way
that the students would experience the process
of developing a model that would capture the in-
tricacies of the subject. Material for seven lessons
for the high school classroom was produced,
the lessons being entitled: "Sizing up a Popula-
tion”, “Practical Knowledge of European and
Africanized Bees”, “Hands-on Models of Popu-
lation Dynamics”, “A Month in the Hive”, A Year
in the Hive", “An Introduction to Remote Sens-
ing", "Modelling the Migration of Populations”.

In ali of the descriptions of the core group ac-
tivities given above, mention is made of mater-
ial that is being developed. It is important to em-
phasize here that the aim of SWRIMS is not to
produce materials for use in the classroom. The
goal of SWRIMS is to enable the researcher to bet-
ter communicate mathematics. A by-product of
these efforts turns out to be this material. By
working with high school faculty, whose princi-
pal function it is to teach mathematics, we be-
lieve that the researcher will benefit. In fact, this
is more than a belief, as we have seen this hap-
pen over and over again in the course of carry-
ing out these activities. Even though there appear
to be decreasing resources for research in math-
ematics, in fact there are increasing resources for
mathematical activity, which includes the dis-
sernination of mathematics. SWRIMS is but one
experiment that will allow more of us in the re-
search community to take advantage of these ex-
panding resources.

NOTICES OF THE AMS
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American Mathematical Society

ALGEBRA AND -
ALGEBRAIC GEOMETRY

Cogroups and Co-rings in Categories
of Associative Rings

George M. Bexgman, University of California, Berkeley,
and Adam O. Hausknecht, University of Massachusetts
at Darmouth

This book studies representable functors among well-known varieties of
atgebras, All such functors from associative rings over a fixed ring R to
each of the categories of abelian groups, associative rings, Lie rings, and
to several others are determined. The book includes a “Symbol index”,
which serves as a giossary of symbols used and a list of the pages where
the topics so symbolized are treated, and a “Word and phrase index”.
‘The authors have strived—and succeeded—in creating a volume that is
very user-friendly.

Mathematical Surveys and Monographs, Volume 45; 1996; 388 pp.; Hardcover;
ISBN 0-8218-0495-2; List $79, Individual member $47; Order code SURV /45NA

Enveloping Algebras
Jacques Dixmier, Paris, France

For the graduate shudent, this is a wmasterpiece of

pedagogical writing, being succinct, wonderfully self-

contained and of excepiional precision.
—Mathematical Reviews

The above citation is taken from the review of the
first English edition of Dixmier’s book. The book,
which is the first systematic exposition of the
algebraic approach to representations of Lie
groups via representations of (or modules over) the corresponding «
universai enveloping algebras, turned out to be so well written that even
today it-remains one of the main textbooks and reference books on the
subject. In 1992, Jacques Dixmier was awarded the Leroy P. Steele Prize
for expository writing in mathematics. The Cornmittee’s citation
mentioned Envelaping Algebras as one of Dixmier's “extracrdinary
books”. For the 1996 printing the author updated the status of open
problems and added some relevant references,
Graduate Studies in Mathematics, Volume £, 1996; 379 in.; Hardcover;
15BN 0-8218-0560-6; List $59; All AMS members $47; Order code GSM/1INA

| Tight Closure and Its
Applications

Craig Huneke, Purdue University,
| West Lafayette, IN

This monograph deals with the theory of tight
closure and its applications. The contents are
based on ten talks given at a CBMS conference
held at North Dakota State University in June 1995.

Tight closure is a method to study tings of
equicharacteristic by using reduction to positive characteristic. In this
book, the basic properties of tight closure are covered, including various
types of singularities, e.g. F-regular and F-rational singularities. Several
applications of the theory are given. These include the
existence of big Cohen-Macaulay algebras and varicus
uniform Artin-Rees theorems. ’

CBMS Regional Conference Series in Mathematics,
Number 88, 1996; 137 pp.; Softcover; ISBN 0-8218-0412-X;
List $29; All individuals $23; Order code CBMS/88NA

Al prices subject to change. Charges for delivery are $3.00 per order, or for
ar delivery outside of the continental U.5., please include $6.50 per item.
Promuenent required. Order from: American Mathematical Society, P O.
Bow 360, Boston, MA 02206-3984. Or lor credit card orders, fax (401} 331-
S 2 or call toll free SOO-321-3AMS (42670 in the US. and Canada, (001 4535-
0 worhdwide. Residents of Canada, please include 79 GST.
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Readers interested in learning more about
the Africanized bee project or in obtaining ma-
terial or information on the many different pro-
Jjects that were conducted by the core groups, can
contact core group members at the differem
sites. The SWRIMS home page at the University
of Arizona (http://www.math.arizona,
edu/rims/rims.htm1) contains a listing of the
core group members at the three sites. The fol-
lowing is a brief listing of some contacts at each
site. Northern Arizona University: Terry Blows,
terry.blows@odin.math.arizona.edu;
Richard Griego, rig@odin.math.nau.edu. Ulah
State University: Jim Powell, powell@sunfs.
math.usu.edu; Jim Cangelosi, jcang@sunfs.
math.usu.edu, University of Arizona: Jum Cush-
ing, cushing@math.arizona.edy; Larry Grove,
grove@math.arizona.edu; Joe Waltkins,
jwatkins@math.arizona.edu.

These examples serve to indicale one path to-
ward the integration of research and education
and brings us back to the remarks at the begin-
ning of this article. What we do as researchers
can have a dramatic impact on the way math-
ematics is viewed by the community. But we
have to take the time to make this community
aware of what we do, This investment in time will
serve {0 increase the importance in mathemat-
ical thinking among our children. Just as suppoaort
for basic research is defended on the grounds
that future discoveries depend on laying the
groundwork now, so it can be said that the math-
ematical education of our children depends upon
the investment of our researchers in making
mathematics relevant to their lives.
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