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K - 1 2 and University educators discuss opportunities for improving
atmospheric science education.

ver the past few decades, numerous national
reports have called for a reform of geoscience
education, including the atmospheric and related sciences (Ireton et al. 1996; Somerville 1997;
Barstow 2002). These reforms are part of larger call
that emphasizes the need for an integrated,
multidisciplinary science curriculum that will not
only prepare the next generation of scientists and
engineers, but also create a scientifically literate public (George 1997; Rutherford 1990). The need for
general literacy in the atmospheric and related sci-
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ences is particularly strong; over the next decade,
environmental stresses like climate change and severe
weather are likely to become more acute and costly
(Corel and Avery 2000). Education in the atmospheric
and related sciences must help prepare future leaders and citizens to make difficult and expensive decisions about these issues.
A number of recommendations have been made
to enhance geoscience education. These include incorporating research and other authentic experiences
at all educational levels, creating and using curricula
and materials that emphasize the interdisciplinary
nature of the earth sciences, and developing partnerships among the various stakeholders in education—
including government agencies, colleges and universities, kindergarten (K)-12 schools, and museums
(George 1996; National Research Council 1996;
Somerville 1997).
The atmospheric and oceanic sciences are in a
unique position to implement these recommendations. The need to collect and share data has resulted
in over a half-century of effective partnership between
government agencies, laboratories, and universities.
Because of the forecast-driven nature of meteorology,
there is a long history of hands-on, authentic instruction. Finally, the use and manipulation of large, comprehensive datasets and the very nature of the climate
system have led to an integrated, multidisciplinary
approach.
MARCH 2004 BAffr | 4 2 5
Unauthenticated | Downloaded 01/09/23 02:51 AM UTC

In spite of these recommendations and advantages,
the vast majority of meteorology and oceanography
classes are probably like the vast majority of science
classes—traditional, lecture-driven discipline-based
didactic instruction (Tobias 1990). This assumes that
the atmospheric and related sciences are even part of
the curriculum; in many liberal arts colleges they are
not (Kidder et al. 2002). In K-12, earth science education, including meteorology and oceanography,
typically ends by ninth grade, especially for collegebound students (Barstow 2002).
In light of this gap between science education practice and the recommendations for reform, the 11th
American Meteorological Society (AMS) Education
Symposium, held on 13-15 January 2002 in Orlando
Florida, had the theme of "creating opportunities in
educational outreach in the atmospheric and related
sciences." The symposium highlighted programs and
curricula that successfully implement multidisciplinary approaches, broad partnerships, or authentic scientific experiences. These programs span all
educational levels—from a hurricane-preparedness
module for elementary school to a new graduate program for professional meteorologists.
The multidisciplinary characteristic of the symposium showed up in the sheer variety of presentations,
including a special session focusing on oceanography,
as well as in presentations that highlighted AMS's own
interdisciplinary curriculum, Water in the Earth System (WES).
The importance of collaborations was evident in
the number of unique presenters that participated in
the symposium. The conference included presentations from agencies such as the American Red Cross
(ARC), the Institute of Electronic and Electrical Engineers, and Royal Caribbean International cruise
lines, as well as more traditional symposium participants like the National Weather Service (NWS), the
National Oceanic and Atmospheric Administration
(NOAA), universities, and the AMS Education Program. A special session on education and outreach at
the National Center for Atmospheric Research
(NCAR) highlighted the role that a national science
research center can play in supporting and leading
educational efforts.
Finally, numerous presentations documented efforts to improve the authenticity of the science experience, by building inquiry and investigation into
formal and informal science experiences. These
spanned the range from investigations in a fifth grade
classroom, to K-12 teachers' participation research
projects, to the creation of datasets for graduate
classes.
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The symposium grew again this year; over 250
people attended some part of the symposium and attendance for particular sessions reached as high as
80 people. This represents a significant step toward
the long-term goal of the education symposiums: to
develop a forum for and of people actively developing and implementing atmospheric science education
reform.
E D U C A T I O N A L O U T R E A C H ACTIVITIES.
The symposium opened with a poster session. Participants from all parts of the United States as well as
Europe and Asia displayed their work. While the
more than 40 posters spanned a broad range of topics, three foci emerged, setting the context for the
symposium as a whole. Many presentations focused
on the use of meteorology, oceanography, and other
earth sciences as part of integrated, multidisciplinary
applications. These applications also spanned instructional methods, including distance learning, inresidence learning, and other technical applications
as well as traditional classroom activities.
In the second area of emphasis, presenters showed
how they used scientific instruments and environmental data to enhance earth science education programs. For instance, N. Doesken (Colorado State
University, Colorado) showed the numerous educational opportunities available from the data gathered
during the Community Collaborative Rain and Hail
Study. In another example of data use, S. Richards
(Northeast Bronx Weather Stations, New York) highlighted how earth science educators in New York City,
New York use weather data from the New York City
Metro Weather Network (METNET), which is sponsored by the National Aeronautics and Space Administration (NASA) and the Minority University Space
Interdisciplinary Network (MU-SPIN), to enhance
learning activities for K - 8 students and for teacher
training. Another information source highlighted was
the NASA program Clouds and the Earth's Radiant
Energy (CERES), which hosts the Students' Cloud
Observations Online (S'COOL) program. Using
cloud charts, television weather reports, and sources
on the Internet, A. Kelly's (AMS Maury Project Peer
Trainer, Missouri) elementary school students participated in S'COOL and learned how to "make" clouds.
Finally, several participants described their efforts
with outreach, liaison, and collaboration with other
agencies and communities, including the American
Meteorological Society, the United States Air Force,
and the National Climatic Data Center. Once again,
the poster session provided a view of a variety of excellent work.
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K - l 2 E D U C A T I O N A L I N I T I A T I V E S . At the
first oral session, eight papers focused on a spectrum
of programs targeted at enhancing awareness of the
atmosphere and hydrosphere through education and
outreach to K - l 2 students. These programs ranged
from activities within local K - l 2 schools and nature
centers, to national initiatives like WES and
DataStreme, "a distance learning teacher enhancement model that works."
Five presentations documented the role of partnerships in supporting K - 1 2 education in the atmospheric and related sciences. For example, R. Gird
(NOAA/NWS) and R. Lopes (ARC) underlined the
importance of partnerships by describing how "partnerships help save lives." ARC and NWS worked together to develop the "masters of disaster" (MoD)
curriculum, an innovative curriculum for students in
grades K - 8 . MoD spans disciplines, incorporating
lessons in science, math, social studies, language arts,
and fine arts with reference to earthquakes, floods,
hurricanes, tornadoes, and general awareness and
preparedness. The NWS and ARC are also founding
members of the National Disaster Education Coalition (NDEC), which produced "Talking about Disaster: Guide for Standard Messages" for emergency
managers, meteorologists, teachers, disaster and fire
educators, public affairs/public relations officials,
mitigation specialists, and media personnel.
L. Greenleaf (AMS Atmospheric Education Research Agent, Maine) explained that most educators
are left to "sink or swim" in the classroom.
Frustration with the lack of guidance, particularly
among new teachers, has led many to leave the classroom. This undermines the goal of maintaining excellence in our nation's classrooms with qualified, enthusiastic teachers. Professional development offered
by AMS educational outreach, such as the WES
online course, can have a significant role in the professional growth of our nation's teachers. In addition
to scientific content, these programs provide the
mentoring that teachers need to maintain a quality
educational environment.
Such an effort is AMS's DataStreme, currently in
its seventh year, which improves science education in
the K-12 classroom by implementing the National
Science Education Standards. Through June 2001,
almost 5,500 teachers have completed the course and
are sharing their knowledge with other teachers
throughout their districts. Survey results show that
these teachers have interacted with 15,395 teachers
and over one million students.
S. Haupt and J. Barta (Utah State University, Utah)
have found another outreach venue—nature centers,
AMERICAN METEOROLOGICAL SOCIETY

which are an excellent way of educating the public,
from preschool to adults, about natural science.
Interactive displays and programs build on natural
phenomena easily observed in everyday lives. Further,
the study of natural sciences allows science and mathematics to be taught together in real-life situations.
O U T R E A C H PROGRAMS PERTAINING T O
PHYSICAL OCEANOGRAPHY A N D AIRSEA I N T E R A C T I O N . As in the geosciences in
general, there is a tremendous need for scientists and
educators to work together to improve public knowledge and understanding of how the ocean affects our
daily lives. Although there are a number of local or
regional contributions to reforming ocean science
education, there has been no concerted effort to promote the ocean sciences nationally (Walker 2001).
The session on outreach in physical oceanography and
air-sea interaction showcased many of the individual
programs at work in this area.
The session kicked off with session cochair J.
McDonnell [Institute of Marine and Coastal Sciences
(IMCS) at Rutgers University, New Jersey] describing the development of an interactive Web site that
provides K-12 educators with lessons utilizing realtime data from an underwater observatory. Using
Web-based modules (available online at www.
coolclassroom.org), students participate in the same
predictive process as scientists; they apply basic scientific principles to marine science, access real-time
oceanographic data, analyze data patterns and trends,
and predict ocean conditions.
S. Schoedinger [Consortium for Oceanographic
Research and Education (CORE)] described the mission and structure of the National Ocean Partnership
Program (NOPP), which has programs designed to
encourage the public and private sectors to share
resources and foster community-wide innovation. She
also highlighted a CORE special project called the National Ocean Science Bowl (NOSB). The NOSB is a
"jeopardy game show" style competition for high school
students designed to highlight and celebrate the study
of the ocean. There are currently 35 regional institutional hosts that each sends a winning high school team
to the national competition. NOSB benefits include
student recognition, exposure of students and teachers
to science career options, and the infusion of marine
sciences into the curriculum. The NOSB involves 3,000
students annually in the competition (see information
online at www.coreocean.org).
Another effort among the many described at the
session was the Ocean Drifters Project, part of the
1998 Year of the Ocean. D. Wilson (NOAA Atlantic
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Oceanography and Meteorology Laboratory, Florida)
described the 2-yr deployment of 150 ocean drifter
buoys in the Inter-American Sea and Gulf of Mexico.
The NOAA Teacher at Sea program allowed teachers to deploy the drifters.
The next session focused on partnerships and began with a presentation on the Maury Project, a joint
venture of the American Meteorological Society, the
U.S. Navy, and NOAA that has provided instruction
on a variety of oceanographic topics to over 20,000
teachers nationwide and in several countries globally.
In addition, workshop participants become important
catalysts in generating curricular changes in their
states, including integrating ocean studies into the
science curriculum.
P. Coble (University of South Florida, Florida)
described another means of distance l e a r n i n g science education via instructional television. Project
Oceanography delivers programming on a variety of
topics in oceanography appropriate for middle school
students. While primarily an effort of the University
of South Florida, 44 outside scientists from 34 outside
agencies, laboratories, and universities have participated in this program. Florida students are the primary audience.
Another innovative partnership is the Explorer of
the Seas program, in which the University of Miami
has collaborated with Royal Caribbean International
cruise lines. A cruise ship mounted with meteorological and oceanographic instruments sails the Caribbean Sea on a repetitive track, which allows scientists
to collect important information continuously during weekly cruises. These observations can provide
improved descriptions of seasonal-to-interannual
variability in ocean, atmosphere, and o c e a n atmosphere interactions in this tropical regime. In addition, scientists from the Rosensteil School of Marine and Atmospheric Sciences provide outreach to
the ships' passengers, conducting lectures and explaining how and why the measurements are used in
scientific investigations.
The Anegada Climate Tracers Study is another
program in the Caribbean Sea that combines scientific exploration and educational opportunity. In this
program at the University of the Virgin Islands, undergraduate students collect ocean data to determine
climate change from variations in the properties of
ocean water. One significant finding is that Labrador
Sea water has been observed moving through the
Anegada Passage between the western Atlantic and
the Caribbean Sea. This study has provided undergraduate students with an opportunity to participate
in major scientific field projects.
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Outreach through the Web was also discussed.
R. Stewart (Texas A&M University, Texas) described
Oceanworld (online at http://oceanworld.tamu.edu),
a Web site to answer 8-12th graders' questions about
the oceans and ocean-related phenomena. The response pages are written by teachers who are seeking
an advanced degree in education with supervision by
professors in education and oceanography.
Through these and other presentations, the session
demonstrated the breadth and quality of educational
outreach activities across the country dealing with
physical oceanography and air-sea interaction.
O U T R E A C H EFFORTS A T T H E UNIVERS I T Y C O R P O R A T I O N FOR A T M O S P H E R I C
RESEARCH. The special session on outreach efforts
at the University Corporation for Atmospheric Research (UCAR) provided an expanded example of
how new partnerships with changing organizations
can contribute to efforts to improve geoscience education. Historically, UCAR has not had a coordinated
education or outreach effort below the graduate level.
In response to calls from both national agencies and
its member universities, however, UCAR has expanded the scope of its educational projects.
R. Johnson led off the session discussing the new
Office of Education and Outreach (OEO). The OEO
was created in response to demands from both the
National Science Foundation and the UCAR community. The new office has defined its mission as promoting scientific literacy and advancing all levels of
education and training in subjects related to the
earth's atmosphere.
One goal of OEO is to support the formal education sector in developing, delivering, and promoting
education resources. Hence, UCAR's support of the
Digital Library for Earth Science Education (DLESE;
available online at www.dlese.org), which spans the
geosciences and aims to support inquiry-based learning at all levels by allowing educators (as well as students) to locate and use effective educational resources. DLESE includes a quality-controlled
collection of pedagogically sound and scientifically
accurate resources, a data discovery mechanism, and
resources to support the geoscience education
community.
Another goal of the OEO is to foster scientific literacy. This effort spans educational levels. S. Foster
and K. Petty described Web Weather for Kids (see
online at www.ucar.edu/40th/webweather/), an
Internet site that uses dramatic weather to get school
students interested in the "science of everyday things."
The comprehensive site also includes Java-based
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applets that connect severe weather to basic physical
concepts (like the kinetic motion of molecules),
online quizzes that students can use to test their
knowledge, a pop-up glossary, and games that students can play to reinforce their knowledge. In addition to online content, the site includes inquiry-based
hands-on activities for the classroom. This site received a Unisys Prize for Online Science Education.
A complementary online effort is the Walter Orr
Roberts Forum, which grew out of UCAR's outreach
to governmental agencies. The forum is a collection
of presentations that university and UCAR scientists
have made to Congress and other branches of the
government. These presentations are archived and
available for anyone through a Web browser with Real
Player (see online at www.ucar.edu/oga/Roberts/).
Another goal of the OEO is to promote diversity
in the geosciences by promoting the involvement of
diverse and historically underrepresented populations in the geosciences. T. Windham described the
Significant Opportunities in Atmospheric Research
and Science (SOARS®; information online at
www.ucar.edu/soars/) program, which supports undergraduate and first and second year graduate students as proteges who do research in collaboration
with NCAR scientists during a 10-week summer internship. SOARS® provides educational support,
mentoring, career counseling, and financial support
for graduate study in the atmospheric and related
sciences.
The goal of the session was to highlight UCAR's
willingness to collaborate and establish partnerships
within and beyond the atmospheric sciences.
UNIVERSITY E D U C A T I O N A L INITIATIVES.
Presentations on university outreach initiatives covered a wide range of topics, from the assessment of
interactive video teleconferencing systems across different institutions to the use of a mesonet system to
expose middle school girls to meteorological science
content. The session began with strategies to make
science classes more reflective of research environments through use of visualization and data, and concluded with examples of effective partnerships in geoscience education. A representative sample of the
presentations follows.
Two presentations covered visualization techniques. In one, R. Pandya et al. (West Chester University, Pennsylvania) described an inquiry-based
learning environment called the Visual Geophysical
Exploration Environment (VGEE). At its core is a
five-dimensional visualization environment in which
students construct their own representation of geoAMERICAN METEOROLOGICAL SOCIETY

physical phenomena from datasets generated by observation or state-of-the-art numerical models.
Using real data in classroom settings was another
topic of the session. In one presentation, Ruscher et al.
(Florida State University) described a collaborative
project entitled Really Exploring and Learning
Meteorology (REALM), which will establish a schoolsite meteorological project in Miami-Dade County,
Florida, public schools. This project aims to increase
middle school girls' self-esteem and confidence in
learning concepts and to integrate mathematics and
technology through the use of a mesonet in the
Miami-Dade County area. One of the goals of the
project is to reduce attrition in advanced level courses
by involving students in hands-on projects using realtime instruments, observations, and phenomena.
In a talk that highlighted the need for partnerships
to reform geoscience education, V. Johnson and
T. Spangler (UCAR) described the efforts of the
Cooperative Program for Operational Meteorology,
Education, and Training (COMET) to expand its
scope beyond training for the National Weather
Service. COMET is developing a Web-based, searchable multimedia database, which will include static
images, animations, and video and audio clips from
COMET modules.
The afternoon session began by highlighting
multidisciplinary approaches to meteorology and
earth sciences. S. Gedzelman [City College of New
York (CUNY), New York] described how the study
of earth systems requires an understanding of the integration and interdependence of the sciences with
regard to common physical and chemical principles.
He also gave evidence of the impact of ever-changing
technology and software in the classroom. CUNY's
program provides students with various levels of scientific and analytic investigation in a hands-on
manner.
Another multidisciplinary effort is the new
Master's degree program in Professional Meteorology
at the University of Oklahoma. This program was
initiated in response to reductions in the NWS
workforce and increased opportunities within the
private sector. It also addresses the growing need for
meteorologists with a broader background and ability in addressing questions across disciplines. Based
on employer surveys (completed by the AMS and others) the program includes emphases on communication and writing skills. The English Department
evaluates the written requirements; the Meteorology
Department evaluates the nonthesis research project,
oral weather briefings, and public seminars. Industry
funding supports students and illustrates industry's
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need for well-versed meteorologists who can integrate
and communicate earth-systems concepts.
Also on the theme of disciplinary interaction and
multiplicity, A. Stamm (State University of New York
Oswego College, New York) considered the integration of science, mathematics, and technology through
research experiences in meteorology. The National
Science Foundation (NSF)-funded program supports teams of teachers and their students who perform research. With college faculty, the teachers designed and conducted experiments that they could
transfer to a high school setting. Knowledge of the
science and the methods used in meteorology (and
other sciences) allowed cross-fertilization of concepts
and applications.
The final presentation by J. Ernst (Embry-Riddle
Aeronautical University, Florida) focused on the establishment of a new degree program in applied meteorology—another example of the cross integration
of the sciences. The program concerns flight weather,
commercial weather, media, and research applications, and is closely tied to a "weather boot camp" for
high school students. Participants engage in observations and coding, plotting, and analysis of surface and
upper-air maps and forecasting. Other topics included
lightning safety, hurricane preparedness, and GPSbased water vapor measurements.
S U M M A R Y . Three opportunities emerged as
themes for the meeting. One was the opportunity to
move science education closer to scientific practice.
The atmospheric and related sciences are especially
well positioned to do this because of their long use of
authentic data and hands-on forecasting exercises in
the classroom. Numerous presentations documented
successful efforts to use authentic data and scientific
tools in classrooms from the middle school to the
graduate level. A second opportunity for outreach was
to situate atmospheric sciences within the context of
multidisciplinary efforts to understand the Earth.
Outreach initiatives set atmospheric and related sciences in contexts as diverse as geographic informa-
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tion system (GIS) studies, disaster preparation, and
energy policy. Finally, the symposium explored the
opportunities for collaboration within and outside of
the meteorological community.
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