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1. Introduction

2. Keynote address

Economic pressures on all levels of government
are placing enormous stress on the university community. This stress may trigger more changes within
universities than at any time since the period when
universities transformed from normal schools to the
research-intensive institutions that exist today. During
the 1 2 - 1 3 October 1993 University Corporation for
Atmospheric Research (UCAR) annual meeting held
in Boulder, Colorado, a forum was held to discuss the
external influences producing this stress and the university community's potential responses to it. This
article presents summaries of the forum and of the
discussions of four working groups that were created
to focus on particular topics. Much of the discussion
was prompted by recommendations made in Bromley
et al. (1992) and Kearns et al. (1992). It should be
noted that much of the discussion related in the
following is not intended to reflect the position of the
authors, UCAR, or the American Meteorological Society (AMS). Indeed, comments in one part of the
article may not be consistent with comments in another part, because they represent the views of different individuals.

The keynote address for the members' forum was
given by Dr. Martin Jischke, president of Iowa State
University. He characterized research universities as
a national treasure because they educate one-third of
the nation's higher-education students, perform 90%
of academic research and development, and produce
9 0 % of the doctorates in science and engineering.
Jischke warned, however, that, "Like the sphinx, not
even national treasures are immune to the winds of
change." These are times of great change and challenges, he argued, and universities must be prepared
to change in response to the needs of their customers.
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To emphasize his point, Jischke commented that
the creation of land-grant institutions 100 years ago
and modern research universities 50 years ago was
driven by national consensus. In the case of the landgrant universities, the consensus was that higher
education should be available to working-class children. Fifty years later, the national consensus that
prompted the creation of the research universities was
based on America's great confidence in pure science
and technology, especially in dealing with national
security issues and the fear of the Soviet Union.
Another historical parallel is that both the land-grant
universities and the modern research universities
were developed by means of a partnership between
the federal government and higher education in times
of relative prosperity. Additionally, both kinds of institutions had great new sources of students—recent
immigrants 100 years ago and returning veterans 50
years ago.
Also the roles of the institutions reflected the needs
of society at the time. In the case of the land-grant
universities, the basic teaching mission expanded to
include service and applied research, with remarkable
results, particularly in agriculture. In the case of the
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modern research university, the basic teaching mission again changed to broaden the role of research,
with the result being the best research universities in
the world, with the best science coming out of those
institutions.
Jischke next pointed out lessons to be learned from
these historical parallels. First, institutions eitherchange
or are replaced. Second, the finances of the state and
nation largely determine how institutions will change.
In contrast to 100 or 50 years ago, we are not living in
a time of a growing economy. Support for higher
education is being reduced, and competition for funding is growing. This means that the nation cannot
afford to build new institutions to meet the needs of our
times as it did 100 years and 50 years ago. Instead, the
institutions themselves will have to adapt in three main
areas: 1) look to other funding sources, 2) focus efforts
more, and 3) be more productive (do more with less).
Most universities are doing all three. Last, Jischke
emphasized that universities must serve the needs of
society, and teaching must always be the most important thing we do for the public. A narrow research
agenda must be supplanted by a broader one that
includes teaching as well as technology development
and transfer.
Jischke also described three messages that he
believes the public is sending, messages that must be
heeded if research-intensive universities are to remain vital in the future.
1) We must restore public confidence in universities,
especially given the growing cost of education. We
must confirm that teaching is our most important
priority.
2) We must have a clear understanding of the nation's
economic problems and the roles we can play in
solving them. The national research agenda is
changing and is becoming increasingly linked to
economic development and competitiveness.
There are opportunities to expand the universities'
role in technology development and transfer; however, this will require more partnerships between
the public and private sectors, universities, and
government. The model for these partnerships will
no longer be the "bicycle wheel" with the university
at the center, but more of a network in which each
partner plays an important role—in which there is
more dynamism, more adaptability, and more information flow in all directions. Jischke reflected
that perhaps there is a lesson there for UCAR and
the National Center for Atmosphere Research
(NCAR) as well.
3) Universities must better reflect the growing diversity of the nation. Although this country holds to the
ideal of the right of individuals to realize their
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potential, the lack of diversity in our universities
makes the actuality of that ideal questionable. As
is true in the larger society, there is too much racial
division and intolerance and too little community
within our universities. We cannot expect society
to continue the large investment in research-intensive universities if the participation and benefits
are not distributed among the population that pays
the cost. Jischke asked, "Do we believe our nation
can afford these expensive centers of thought and
exploration, these research universities, if we do
not develop the skill, talents, and dreams of all of
our people?"
In his concluding remarks, Jischke said that there is
reason for optimism. The general public and government still believe that universities will play a critical role
in solving society's problems. In fact, the need for
America's universities to create new knowledge and
train new talent has never been greater. Additionally,
American universities continue to be recognized as
the best in the world.
Jischke believes that we can renew the promise of
our universities, as we have in the past, if we heed the
lessons of history and listen to the messages from our
public. Jischke said, "To do otherwise would be unworthy of them; it would also be unworthy of us. For, in the
final analysis, ours is a public trust, and I, for one, am
betting that we will continue to be worthy of that public
trust."

3. Discussion group summaries
Four topics were chosen for discussion by small
groups that then made recommendations to the members' forum as a whole. Each topic is summarized in
this section.
a. Conflict between research and education—Is it
real?
The perceived conflict between research and education seems to stem from a lack of money at the
university level and the way in which education is
funded. Many university programs rely heavily on
external research funds to support their entire academic program. As a result, professors give a high
priority to their research activities, which include, in
addition to actual research, working with their graduate students, writing and reviewing research proposals and journal articles, and attending out-of-town
scientific conferences, planning meetings, and workshops. As a result of the time spent on all the researchrelated activities, many undergraduate students at
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research institutions complain that they lack adequate
access to their professors.
The discussion group suggested that there are
really three components to the apparent conflict: the
proposal process that funds research, conducting
research, and teaching. This perception is perhaps
worse than reality because, as suggested by members of the group, students' educational experiences
are often enhanced by association with a teacher who
is also involved in active research. Members of the
group also pointed out that working with a graduate
student on his/her research is as much a form of
teaching as is classroom work.
Members of the discussion group stressed that
survey-level teaching to nonscience-major lower-level
undergraduate students is fundamentally different from
teaching to upper-level undergraduate and graduate
students, which is less formal. Many of the students in
the undergraduate survey courses take the courses
because they are required to, not because they want
to. The survey courses are taught to a relatively large
number of students, and these large numbers are
used by administrators to justify more university funding for their departments. As the number of upperdivision and graduate courses proliferate, leaving less
time for faculty to devote to survey courses, the
justification for departmental funding can suffer.
There is also a perceived problem of accountability
on the part of the faculty. Although the number of hours
faculty spend in the classroom is relatively small, it is
not widely recognized how much time is spent out of
the classroom preparing lectures, making up and
grading problem sets and exams, and holding office
hours. At the same time, students are paying more for
tuition and feeling that they are getting less in return.
They complain that some classes are overcrowded or
only available on a limited basis and that the time
required to obtain an undergraduate degree seems to
be increasing. Students themselves and society in
general consider students customers attending universities to obtain a personal benefit from the services
provided by the institution, as opposed to the traditional view that it is society that benefits from having
better-educated citizens. The traditional view may
lead to more societal support of universities.
Some expressed the feeling that there has been
degree inflation and that a B.S. degree is worth less
today than it used to be. Undergraduate degrees
seem to be taking longer to complete while at the same
time more jobs require graduate education. Finally,
there seems to be a perception, held by the public and
perpetuated by some faculty, of a "culture against
teaching." Excellence in research is a sine qua non for
tenure and promotion, and consequently, the culture
against teaching is extended beyond the four- to
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seven-year probation period for faculty by the tenure
and promotion selection process itself.
Having identified some of the causes of the conflicts
between research and education, there was a lengthy
discussion of possible responses by the university and
recommendations for possible strategies to reduce
the perceived friction.
•

To improve the teaching of large, undergraduate,
nonscience major survey courses, it was suggested
that some instructors specialize in teaching these
courses. There are faculty who have a special
talent for this particular type of teaching and enjoy
doing it. Thus, someone who does not w a n t t o teach
at this level is not forced to do so. On the other hand,
it was noted that creating a special type of instructor
could lead to a caste system, with survey-level
course instructors being regarded as "second-class
citizens." The questions of whether it is a basic
tenet that university faculty both teach and do
research and whether all faculty should be expected to do research were raised.

•

To improve teaching in general, teacher workshops
and mentor programs should be promoted. Furthermore, it was also suggested that new technologies (e.g., use of projection screens instead of
blackboards, lectures on disks, etc.) should be
encouraged in the classroom as alternative ways of
delivering learning. However, it was noted that it
takes time and money to develop these, and the
result may be that the teacher will actually spend
less time in the classroom. It was recommended
that UCAR facilitate the use of new technologies in
the classroom through Unidata (Sherretz and Fulker
1988) and C O M E T (Spangler et al. 1994), for
example.

•

To encourage good teaching, it was recommended
that the criteria for promotion, tenure, and pay be
modified. It was suggested that incremental raises
be given for meeting specific teaching goals and
that the way in which teaching is evaluated should
be reviewed and restructured. Assigning less teaching at the outset of a junior faculty member's career
was suggested as a way to improve the balance
between teaching and research. Juniorfaculty must
be informed of exactly what is expected of them so
that they can balance their teaching, research, and
the requirements for tenure and promotion. Retired
and retiring faculty might be used as mentors to the
junior faculty.

•

It was recommended that the focus should be on
the quality of a department as a whole, not on the
individual faculty members. The former is referred
to as the "collegial model," while the latter could be
referred to as "every person for him- or herself."
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According to the collegial model, some faculty may
be equally active in teaching, research, and service
while others may emphasize one over the other.
The focus is not on the individual faculty member.
However, it was noted that faculty are s\\\\evaluated
on an individual basis.
• Other recommendations for improving education
included offering a course to orient students to the
university and to the profession and to educate
them on topics of societal importance. Assigning
an individual faculty advisor to each student at the
time of matriculation into the university was also
discussed.
• It was suggested that the curriculum be adjusted to
respond to the criticism that research seems to be
valued more than teaching and that attention to
teaching has been reduced. For example, the number of undergraduate courses could be reduced so
that the time spent on courses being offered could
be increased. This is a way to resolve the apparent
conflict without an increase in financial support to
the universities. However, it was suggested that
there should also be attempts to try to incorporate
students at all undergraduate levels into the research programs, such as through the use of National Science Foundation (NSF) Research Experience for Undergraduates Grants.
• Program certification was mentioned as a way to
improve education. However, it was noted that
such certification does not guarantee students will
learn. Furthermore, it does not really solve the
perceived conflict between education and research.
To increase the quality of classes, it was recommended that administrators be discouraged from
"student counting." In other words, student enrollment should not be encouraged for its own sake.
Finally, the question of whether NSF should subsidize education at our research universities directly was
discussed. This would reduce the financial load on
departments and thereby discourage student counting.
b. University outreach—Needs and goals
Four principal goals were outlined for a university
atmospheric science outreach program:
1) attracting more students to science—not just meteorology, but science in general;
2) attracting our share of the best students to geosciences;
3) taking an opportunity to improve K - 1 2 and twoyear college science education; and
4) encouraging meteorology programs to increase
the diversity of students choosing science as a
profession.
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The group recounted their experiences with successful outreach programs. Several persons had participated in visiting scientist programs in which the
scientist gives a presentation at a public or private
school. Several presentations may be made each
academic year. In such a situation, a professor may
contact 2000 or more students per year.
More students are influenced through projects such
as Project ATMOSPHERE (Smith and Geer 1991)
and Project LEARN 1 in which attempts are made to
educate and contact secondary education teachers.
In their home states last year, the 69 Atmospheric
Education Resource Agents (AERAs) in Project
ATMOSPHERE (one in nearly every state of the
union) worked with 14 000 teachers who may ultimately influence 700 000 students or more per year.
Project SKILL (Scientific Knowledge for Indian
Learning and Leadership) (Weyland et al. 1993) is
designed to interest Native American students in
science and engineering, starting at the elementary
and junior high school levels. Since its initiation a few
years ago, the number of Native American students
enrolled at the South Dakota School of Mines and
Technology has increased from 2 to more than 50.
Groundwater festivals in Nebraska have been used
recently to present hands-on displays of atmospheric
concepts and instrumentation. Project Blue Skies
(Samson et al. 1994) developed by the University of
Michigan is incorporating weather data and analysis
into the schools via the Internet. Students have constructed and deployed weather stations under the
supervision of Purdue University scientists. Many
scientific and academic organizations host visits by
students and present educational talks at such
visits.
Examples of UCAR's educational outreach projects
include the Thunderstorm Detectives exhibit that will
be shown in airports and museums around the country, Project LEARN, Project Skymath, and UCAR's
Office of Governmental Affairs. Discussants felt that
UCAR's outreach was currently good.
Several principles for good outreach programs
were enumerated by the participants. Discussions
revealed that it is essential to involve teachers at all
stages of the process, that hands-on experience is
vital, that ownership and recognition be given to the
designers of the outreach program, that hard-copy
educational content be provided to the teachers, and
that science education be integrated with mathematics and computer sciences or other topics wherever
possible. Also, it is probable that educational efforts
for some minority groups will require more resources
1 Project LEARN is an NCAR teacher-enhancement
program
funded by NSF.
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and personnel in the form of group leaders, as well as
more personal attention.
Some potential problems were also discussed. The
tendency to present too much show-and-tell at too low
an educational level should be resisted. Not enough
math and physics is integrated into programs, and
there may not be enough follow-up in some programs.
There is a need to demonstrate the use of data after
they have been obtained.
The discussion group presented a number of
recommendations.
•

•

•

•

•
•

Appoint an outreach faculty member at each university with the responsibility to examine what
has worked at other universities and to adopt what
has worked, as well as to devise his or her own
strategies. Release time to pursue these tasks is
essential.
Establish a clearinghouse at UCAR or the A M S for
ideas and techniques that have been used successfully.
Support the use of Unidata software and Internet
data access by providing technical assistance to
universities and encourage them to distribute
weather data to K - 1 2 schools.
Provide outreach efforts to two-year colleges, teachers colleges, and introductory science courses (for
nonscience students).
Use in-service training periods to offer science and
outreach education to secondary school teachers.
Make more use of Eisenhower Funds to develop
teacher enhancement projects.

Finally, it was mentioned that the ultimate in an
outreach project is the planned Global Learning and
Observations to Benefit the Environment (GLOBE),
suggested by Vice President Gore (Gore 1992), that
would have students in all countries linked electronically and making daily environmental observations.

c. Planning a national atmospheric
science
research agenda
Vocal sentiment in Congress and the media is
currently calling for university research to be focused
on problems of direct relevance to society. A recent
Congressional report recommended that not less than
60% of NSF's research funding be directed toward
solving strategic societal problems.
Further, research funding is anticipated to be increasingly difficult to obtain. The question addressed
by this discussion group was, "How do we in the
atmospheric sciences respond to this situation?" The
majority of the participants believed that basic research should remain a high priority.
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Three individuals proffered reasons why basic research should retain high priority compared to externally mandated applied research.
1) Concern with basic processes is what distinguishes
science from engineering. Understanding fundamental processes provides the foundation on which
engineers can build better applications.
2) Funding focused on particular areas can certainly
encourage creativity on those topics but cannot
guarantee it. Conversely, serendipitous discoveries can occur in any subject area, and these need
opportunities for development.
3) The timescale for progress in science is longer
than the timescale of special Congressional initiatives. Support for basic research provides a base
on which individual researchers and research teams
can carry out components of what are long-term
(multiyear) projects.
As long as basic research was the high priority,
science could largely distance itself from politics. If
science has to respond to political directives, science
will probably become increasingly e n m e s h e d in
politics.
The question was raised whether past basic research in meteorology has responded sufficiently well
to society's needs. Examples of successful applications of basic meteorological research include improved weather prediction covering scales from thunderstorms to El Nino and increased aircraft safety as
a result of improved knowledge of severe thunderstorms.
Nonetheless, sentiment in the media is that basic
research and science in general has not paid off as
hoped. The suggestion was made that we in the
atmospheric sciences need to educate legislators and
the general public as to what we do and how much of
our basic research has direct ties to applications. That
is, much of our research is directed toward answering
fundamental questions that must be addressed before
applications can arise.
But can we do more to put our findings into practice
(see, e.g., Anthes 1993), and how should we respond
to the call from Congress for a prioritized list of applied
research topics? At least Congress is asking for such
a list, not dictating it. Because Dr. Richard Greenfield,
director of the Atmospheric Sciences Division of NSF
was present, most recommendations were directed
toward the NSF. One suggestion was that the NSF
could set priorities through a high-level select committee that would solicit outside input, including inputfrom
people who are not atmospheric scientists but who are
familiar with governmental processes and priorities.
This committee could prepare a draft list of priorities
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that could be widely circulated for comments by electronic mail. It was felt that the greatest good for
atmospheric science would result if priorities would
encourage a broad range of study areas.
d. National needs for atmospheric scientists and the
university role
The total graduate enrollment in science, engineering, and health-related fields in the United States has
been growing at a few percent per year for the past
decade. It is interesting to examine statistics relating
to the production of degrees at all levels in our own
field and to ask whether or not our educational system
is responding adequately to current and perceived
future national needs. Accordingly, there are several
questions that need to be addressed concerning the
role of the university.
•

•

•
•

•
•

Is the overall rate of production of graduate students in our field appropriate for the foreseeable
future?
Are students who stop at the M.S. and B.S. degrees
in atmospheric sciences able to find satisfactory
long-term employment?
Is the current mix of degrees (B.S., M.S., and Ph.D.)
granted appropriate for the foreseeable future?
Is the mix of subfields in which we are currently
awarding higher degrees appropriate to scientific
needs?
Are the graduates overqualified for their jobs?
Is their current job their first choice?

The working group felt it was important to distribute
a survey and disseminate information on the current
job market to our students and prospective students.
Initial surveys should be restricted to UCAR member
institutions and academic affiliates. Not only should
the job history be summarized but an attempt should
be made to predict job prospects. The survey should
be distributed to former students and prospective
employers. It was noted that surveys can be very
difficult to organize with appropriate questions that
can provide a meaningful database.
The discussion group considered a dilemma: "Suppose the survey strongly suggested that too many
B.S. degrees were being awarded throughout the
nation. Does the community recommend that several
undergraduate departments of atmospheric sciences
be shut down?" There was no consensus on an
appropriate answer.
Another important topic is whether we should institute orstrengthen retraining programsfor highly trained
people from other fields who wish to enter atmospheric sciences. At the graduate level it has been
recognized over the years that many prospective
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students now come from disciplines other than atmospheric sciences (e.g., engineering, chemistry, physics, mathematics, computer sciences, etc.). These
diverse backgrounds of prospective students raise the
question of whether there is a need for a B.S. degree
in atmospheric sciences for those wishing to attend
graduate school. There are some graduate programs
that prefer students with undergraduate backgrounds
in the more traditional disciplines of mathematics,
physics, or chemistry. Perhaps it is time to scrutinize
B.S. degree programs to isolate the reasons why
some atmospheric science students are not attractive
to graduate programs.
The issue of retraining programs also includes the
acceptance of M.S. and Ph.D. graduates from disciplines other than atmospheric sciences (e.g., highenergy physics). The group discussion suggested that
these graduates would be welcome in our field. Some
participants suggested that offering one-, or two-year
postdoctoral appointments at NCAR and the universities would be sufficient to bring these people up to
speed in their new field.
The group discussed whether our universities are
teaching the right kind of atmospheric sciences to
students. This subject can be separated into two
areas: the education of atmospheric science majors,
and of nonmajors. For the former, many undergraduate institutions have successfully instituted a twotrack program: one for those students interested in
continuing into graduate school, and one for those
seeking employment after attaining a B.S. degree.
Our universities must recognize, however, that more
emphasis must be placed on the latter group of students. Offering good survey courses is important
because it is our responsibility to raise the science
literacy in the country. For many students outside of
the physical sciences, these general education courses
are their only exposure to atmospheric and perhaps
even physical sciences. These students are the future
politicians, lawmakers, and secondary school science
teachers. The need for our departments to provide the
highest quality education to this group of students
cannot be overemphasized.

4. Summary
The forum came to a number of conclusions and
recommendations.
• The university community must respond to the
present external forces in constructive ways that
preserve the strength of research-intensive universities and restore public confidence.
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•

•

•

The national research agenda, and then the university community agenda, must become increasingly
linked to societal needs.
Universities must explore creative ways to maintain
a solid undergraduate general education program
while allowing and encouraging faculty to build and
maintain strong, research-oriented degree programs.
Real benefits accrue to the university community
and society in general from a vigorous, well-supported outreach program.
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With the development of meteorological science and the continual refinement of the
technologies used in its practical application, the need to produce a new edition of the
International Meteorological Vocabulary (IMV) became evident (the original edition was
published in 1966). This volume is made up of a multilingual list of over 3500 terms
arranged in English alphabetical order, accompanied by definitions in each of the
languages (English, French, Russian, and Spanish) and an index for each language. This
new edition has been augmented with numerous concepts relating to new meteorological
knowledge, techniques, and concerns. It should help to standardize the terminology used in
this field, facilitate communication between specialists speaking different languages, and
aid translators in their work.
A
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WMO No. 182, 784 pp., s o f t b o u n d , c o l o r - c o d e d index, $95 ( i n c l u d i n g
p o s t a g e a n d h a n d l i n g ) . Please s e n d p r e p a i d o r d e r s t o : W M O
P u b l i c a t i o n s Center, A m e r i c a n Meteorological Society, 45 Beacon St.,
B o s t o n , MA 02108-3693. (Orders f r o m U.S. and Canada only.)
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