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,earning thou the Earth las a System

The Second International Conference on Geoscience
Education was held July 26-August 2, 1997, in the beau-
tiful and dynamic Hawai'ian Islands. This conference
was an outgrowth of the First International Conference
on Geoscience Education and Training, held in
Southampton, England, in April 1993. The primary fo-
cus of the first conference was the state of geoscience
education throughout the world. At the end of that
meeting it was decided to convene a Second Interna-
tional Conference to be held in the United States, with
a focus on one or more specific issues.

The theme of our second conference, "Learning
about the Earth as a System," was chosen because it
emphasizes the importance of reexamining the teach-
ing and learning of traditional Earth Science in the con-
text of the many environmental issues facing the planet
and the advent of remarkable technology that can as-
sist in data management and science instruction. If is-
sues of sustainable development and use of resources
are to be effectively addressed, it is imperative that stu-
dents at all grade levels and from all cultures have an
understanding of how the Earth works. Further, because
many of these issues transcend national boundaries,
students must understand how people in various cul-
tural settings interact with the environment and with
each other.

A consensus is developing among many educators,
from early childhood to university level, that the tradi-
tional approach to Earth Science education is falling
short of what will be required for citizenship and pro-
fessional success in the next millennium. There must
be a change in what we have students study and how
that information is presented to them. We can no longer
allow Earth Science to be taught as a collection of facts
in separate units of geology, meteorology, astronomy
and oceanography.

The term "Earth System" came into prominent use
after publication of the so-called Bretherton report in
1986 by the National Aeronautics and Space Adminis-
tration of the U.S. Earth System Science: A program
for global change was an outline and rationale for es-
tablishing an interdisciplinary data collection and in-
terpretation program using satellites as a remote plat-
form for observing global changes. The Earth System
Science proposed in the report, a relatively new approach
to understanding how the Earth works, provides a way
to integrate Earth Science educational programs. Earth
System Science regards the Earth as a system within
the Solar System and the sub-systems of Earththe solid
Earth, atmosphere, hydrosphere and biosphereas sepa-
rate but interacting systems.

Further, from within and outside the educational
system there is a growing consensus that teaching strat-
egies should focus on (1) students constructing knowl-
edge through inquiry, (2) addressing the varying learn-
ing styles of all students, (3) promoting learning through
cooperative group activity rather than competition, and
(4) effective use of technology.

The Earth System approach to Earth Science edu-
cation, and complementary changes in instruction and
assessment, are enjoying growing acceptance around
the world. It was for this reason that we convened this
international conference with its goal of sharing with
all participants the advances in and prospects for "Learn-
ing about the Earth as a System."

Mahalo (thank you) for your interest in this Proceed-
ings volume! Please visit the conference Internet site
throughout 1998 for additional photographs and infor-
mation (http:11www.ag.ohio-state.edulearthsysl
coninde.x.html).

Conference Co-conveners



Conference Co-Conveners

John R. Carpenter, University of South Carolina, USA

Victor J. Mayer, The Ohio State University, USA

Nir Orion, Weizmann Institute of Science, ISRAEL

Conference Organizers (Arrangements
and Program)

Rosanne W. Fortner, Professor of Natural Resources, The
Ohio State University

Judith Fox-Goldstein, Conference Center, University of
Hawai'iHilo
William H. Hoyt, Professor of Oceanography, The Uni-
versity of Northern Colorado

M. Frank Watt Ireton, Education Programs, American
Geophysical Union

Dan Jax, Earth Systems Education Teacher, Bexley City
Schools, Ohio

E. Barbara Klemm, Professor of Curriculum, The Uni-
versity of HawailManoa
Elizabeth Kumabe, University of Hawai'i Sea Grant Ex-
tension Service

Martha Sykes, Professor of Geophysics, The University
of Hawai'iManoa
Akira Tokuyama, Hyogo University of Teacher Educa-
tion, JAPAN

Mary Ann Tsuchiyama, Conference Center, University
of Hawai'iHilo
Laure Wallace, Organizational Programs, United States
Geological Survey

Additional Conference Assistance

Daniel Barstow, TERC, USA

Alfredo Bezzi, University of Genoa, ITALY

Robert Christman, Coalition for Earth Science Educa-
tion, USA

Ian Clark, University of South Australia, Adelaide,
AUSTRALIA

Ed Geary, Geological Society of America , USA

Leslie C. Gordon, U.S. Geological Survey, USA

Masakazu Gotoh, Minami-shitaura Junior High School,
JAPAN

Yael Kali, Weizmann Institute, ISRAEL

Chris King, University of Keele, UK

Beverly T. Lynds, University Corporation for Atmo-
spheric Research, USA

Evgeny Nesterov, Hertzen University of Russia, St.
Petersburg, RUSSIA

Donald L. Oakley, Loch Haven University, USA

Norikazu Osumi, Kyoto School of Education, JAPAN

Judith Riestra, CENEMEC, VENEZUELA

Lynda M. Samp, Dedham (Massachusetts) High School,
USA

Edwin L. Shay, NASA's Classroom of the Future, USA

Hiroshi Shimono, National Institute for Educational
Research, JAPAN

Marilyn Suiter, American Geological Institute, USA

Art Sussman, WestEd, USA

Geoff Taylor, University of New South Wales,
AUSTRALIA

Asta Thorliefsdottir, Menntaskolinn vid Sund, ICELAND

Roger Trend, University of Exeter, UK

Michael Walsh, The Rheidol Study Centre, Wales, UK

Wei Wen, Chinese Academy of Sciences, PEOPLE'S RE-
PUBLIC OF CHINA

Technical Editing: Staff and Students of
The Ohio State University

Laura Dearth, Secretary, School of Natural Resources

Elizabeth Hall, Graduate Research Associate, School of
Natural Resources
Jae-Young Lee, Graduate Research Associate, School of
Natural Resources

Ed Maceyko, Communications and Technology

Andrea Thomas, Undergraduate, Department of English

John Victor, Communications and Technology



Learning about Earth as a system: Proceedings of the Second International Conference on Geoscience Education

Conference Sponsorship and Support

The conference was sponsored by The Coalition for
Earth Science Education, and the Commission on Geo-
science Education and Training of the International
Union of Geological Science and Association of Geosci-
entists for International Development.

Support for the conference came from numerous
sources, including the American Geophysical Union, the
American Geological Institute, National Association of
Geoscience Teachers, National Earth Science Teachers
Association, The Ohio State University, the University
of South Carolina, the Weizmann Institute (Israel), the
University of HawailManoa and Hilo, and Hyogo Uni-
versity of Teacher Education (Japan).

Three government agencies from the United States
provided very substantial support for the conference:

The National Science Foundation, Education and
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Human Resources Directorate, provided partial sup-
port for 18 secondary school science teachers and
nine college earth science teachers to participate in
the conference. In addition, support was provided
for conference speakers and the editing and print-
ing of the conference proceedings. The grant was to
the Center for Science Education of the University
of South Carolina with John Carpenter as Principal
Investigator. .

The National Aeronautics and Space Administration,
Mission to Planet Earth Program, provided support
for the pre-conference field trips, the conference
workshops, speakers, and administrative activities of
the program committee including the printing of
the conference program. The grant was to The School
of Teaching and Learning of The Ohio State Univer-
sity with Victor Mayer as Principal Investigator.

The United States Geological Survey provided per-
sonnel and financial support for the conference field
trip. This was under the supervision of Laure Wallace.



EXECUTIVE SUMMARY

Approaches, Issues and Potential for Learning about the Earth as a System

Serious concerns have been raised from within the
community of Earth Science scholars and educators that
the subject matter of earth has been diluted, subsumed
in other subjects, or worst of all, ignored. At a time when
it is becoming apparent that ignorance of Earth pro-
cesses may be committing the planet to unforeseeable
and perhaps unalterable changes, it is imperative that
more people become aware of how the Earth works and
how human activity can influence the functions of Earth
systems. If less Earth science is being taught, fewer stu-
dents will be captured by its excitement, and fewer Earth
scientists will be available to monitor the vital functions
and alert us to changes in those systems. With less
knowledge of science, we cannot enlighten policy or
encourage further study. The cycle of ignorance could
affect not only interdisciplinary education but critical
science and policy.

What is the status of the science of Earth? To what
extent is it being taught, and how? What information
can stakeholders use to encourage more and better edu-
cation about the Earth, through schools, laboratories,
public information programs, and networks? These
questions and others were addressed at the Second In-
ternational Conference on Geoscience Education, held
in July 1997 at the University of Hawai'i-Hilo.

Sources of summary information.

Contributions of Invited Speakers. Five individuals were
identified by the conference program committee to rep-
resent modern interdisciplinary science of the Earth
system, educational innovation, and the relationship of
knowledge of the Earth to human culture. Complete
texts of their talks are featured in the Proceedings vol-
ume, but key concepts are highlighted here. In addi-
tion, four individuals were honored for their contribu-
tions over their lifetime of service to geoscience educa-
tion. Like the other selected speakers, this group exem-
plified what the conference organizers felt were the sa-
lient aspects of doing sound interdisciplinary science
and educating many about the Earth system. Their sto-
ries of how science and education have changed over

the period of their careers, and their hopes for the fu-
ture of Earth systems education, offer leadership les-
sons for all.

Participant contributions. An innovative format was
instituted for presenters responding to the call for pa-
pers. "Interactive poster sessions" allowed for sets of
poster presentations on a common topic to be followed
by discussion groups for considering the international
aspects and the similarities and differences of approach
offered by the various contributors to the topic. As such,
the conference participants took away more than just a
set of notes on individual sessions they selectively at-
tended. In addition, they participated in collegial dis-
cussions for analysis and synthesis of ideas. Session
moderators collected and summarized these ideas at the
end of each poster set, and their collective results offer
an excellent overview of

prevailing approaches to the science of the Earth
system,

innovative means of teaching about interdisciplinary
aspects of Earth, and

lessons for those who would lead efforts for "learn-
ing about the Earth as a system."

Conference Outcomes I: Earth as a System

Rationale for Earth System Science. The conference
focused on "Learning about the Earth as a System," a
theme chosen because of the importance of focusing
on how all parts of the Earth (hydrosphere, atmosphere,
lithosphere, and biosphere) are interconnected, and how
forces that impact one component also generate re-
sponses in the others. The National Aeronautics and
Space Administration (NASA), the U.S. agency that uses
Earth System Science to guide its Earth monitoring
efforts, began using the term as the result of a commit-
tee report which recognized "important connections
among the components of the planet Earth and thus
emphasized the essential unity of global processes,
which are only now beginning to be studied systemati-
cally" (Earth System Science Committee, 1986). The
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goal of Earth System Science, as defined by the com-
mittee, is "to obtain a scientific understanding of the
entire Earth system on a global scale by describing how
its component parts and their interactions have evolved,
how they function, and how they may be expected to
continue to evolve on all time scales." The choice of a
conference theme that focused on Earth as a system
was based on the need to make more geoscience schol-
ars and educators aware of the systems concepts and
their appropriateness for the Earth science professions.

Featured speakers Thomas Schroeder, chair of the
Meteorology Department at the University of Hawai'i at
Manoa, and Ellen Mosley Thompson of the Byrd Polar
Research Center at The Ohio State University, demon-
strated what Earth system science was through their
use of interdisciplinary sciences as the means of explain-
ing local and global features of Earth. Schroeder used
the patterns of weather in the Hawai'ian Islands, which
are subject to the 'Il-ade Winds, to demonstrate how land
shape (topography) and geographic orientation influ-
ence local wind and rainfall patterns that result in widely
varying climate zones on single islands and across the
island chain. He described how the biosphere of the is-
lands is affected by land, air and water as well, noting
for example that a spider living in the virtual desert at
the top of Mauna Loa is able to get food because wind
patterns loft insects and moisture up from lower eleva-
tions. Thompson introduced all the sciences of the Earth
system in her discussion of how global climate changes
are studied through ice cores collected at high eleva-
tions and examined for molecules and dust particles
trapped in them at the time of their formation. The same
ice cores assist in analysis of rates of change as well as
current status of the cryosphere, an indicator of changes
in other global systems such as the atmosphere. Both
scientists use an interdisciplinary approach to pursue
answers to important questions being asked in their
fields. Their presentations demonstrated how collabo-
ration with colleagues extends the impacts of science
by crossing disciplines and drawing on the relevant tools
and understandings from other research. While both
scientists have made science their career focus, both
are also faculty at the university level, helping others
learn about the Earth as a system.

Another invited speaker offered a unique perspec-
tive on systems aspects and the science of Earth. Kepa
Maly was raised by a Hawai'ian family and taught the
principles of living with the land and honoring its spirit
and power. In a sensitive presentation he showed how
knowledge of the Earth system relates to human life,

and how various cultures have interpreted and used the
Earth in different ways. His analogies of Earth names
for human positions demonstrated that knowing the
Earth helps to know the culture as well. For example,
the Hawai'ian name for an elder in the community is
the same as the word for "the source of the water," indi-
cating not only that the elders are vital to existence, but
that water is highly valued as a heritage.

Among the awardees for lifetime service are indi-
viduals who are credible Earth scientists as well as no-
table educators. Victor J. Mayer, for instance, continues
in retirement to assist teaching a graduate seminar in
the History of Geology for the Department of Geo-
sciences at Ohio State, and his personal interest in cur-
rent topics of the changing Earth system has enabled
him to bring scientists on the leading edge of the disci-
plines into contact with teachers in workshops. His view
of global science literacy is one of personal, culturally
shaped Earth systems understanding, based on strong
science and on commitment to environmental quality.
In other presentations and discussions during the con-
ference it became evident that the value of Earth sys-
tem understanding was being put forward as a major
component if not the basis of science literacy.

Another awardee, Emmanuel Mazor of Israel, offered
a perspective intended to explain why many people find
it difficult to grasp some concepts key to Earth system
science. Mazor pointed out that theory is most com-
monly presented as a "given," without the observations
on which the theory was originally based. Scientific
thinking, on the other hand, begins with observations
which contribute to working hypotheses that may be-
come the basis of theory. He provided several science
examples that are difficult for students to grasp, then
offered some suggestions for how locally observed phe-
nomena can make the theories meaningful by drawing
on students' experience with the natural world.

interpretation of the Earth system science theme was
evident in a number of the poster presentations, in which
the content of geoscience courses for various countries
was compared and naive conceptions about Earth sys-
tem topics were explored. It was noted, for instance, from
studies in Israel, that students are not correctly inter-
preting the global carbon cycle or even the hydrologic
cycle. Misconceptions about geologic time are common
worldwide, and the social implications of this for devel-
oping a time/space understanding of human impacts and

1 0
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current rates of change are very serious. Learning about
global environmental change issues was seen to be a
means of making Earth systems science relevant and
also to demoristrate the strength of the science research
base.

A number of opportunities for interpreting the Earth
systems by modeling and other technologies were ex-
plored in the conference. Technology uses were dem-
onstrated in the form of Geographic Information Sys-
tems, satellite image data collection and interpretation,
student conceptual models translated into models us-
able on a desktop computer, computer aided instruc-
tion in advanced structural geology, use of remote sens-
ing and multispectral imaging of vegetation in Biosphere
2, and using technology to share data across various
collection groups and countries. A special workshop on
visualization of data was conducted to demonstrate how
integration of the sciences and human factors of the
environment could be portrayed electronically for bet-
ter understanding of relationships.

Implementation. When scientists and educators dis-
cussed the science of the Earth system, it became clear
that they were concerned about how the disciplines are
divided in their method of doing research, for this in-
fluences how students are taught in lecture and lab.
Indeed, it is the integration of the sciences that is a pri-
mary constraint to their desired level of implementa-
tion. Teachers at all levels must be specifically trained
in HOW to integrate the disciplines, and WHY students
should be able to do this instead of memorizing facts
for possible use later. The science might be revisited
each year in the school curriculum, with integration
with other subjects occurring vertically across the
grades. Most countries still look horizontally across a
year's work, however, and see how topics in Earth sci-
ence should be sequenced within one period of study
time. In some countries the science of the Earth is still
a rigorous factual area for study, and teacher education
is focused on training strong subject matter specialists;
field investigations are the reinforcers for interdiscipli-
nary aspects.

Field experience. Numerous reports of how Earth sys-
tems science is implemented included the strength of
field experiences, and the conference itself reinforced
this. Field trips that are most effective are not those
with show-and-tell at the places where the bus can get
off the road. A special field trip organized by Laure
Wallace of the USGS was planned for all conference par-

ticipants to tour Hawai'i Volcanoes National Park using
an interdisciplinary, systems-oriented format. Instead
of simply stopping to explore the traditional marked
stops on the road surrounding the active volcanic area,
special effort was taken to assure that all Earth sub-
systems were clearly shown in relation to each other.
Devastation Trail, for instance, was staffed by a geolo-
gist and a botanist who together demonstrated how the
fine volcanic ash had spared some trees and scorched
others, how distribution of vegetation followed cracks
in the lava, and how aerial roots on some trees captured
atmospheric moisture in the absence of moisture from
the ground. Lava tubes were explored for their relation-
ship to the plant and animal life of the area, their role
in human culture, and their importance in transmit-
ting flowing lava far from its origin, thus increasing the
size of the island. An area with active fumaroles was the
background for a discussion of island air pollution in
the form of "vog," a fog formed with sulfur gases and
water vapor, creating acidic conditions and exacerbat-
ing human respiratory problems.

A question of fit. Earth sciences are typically the last
science to come to mind in science education, and in
fact many countries have now placed the Earth sciences
into courses of physical geography. Representatives of
these countries noted that neither the geography nor
the Earth sciences were heavily subscribed by student
enrollment. Even in the United States, speaker Rodger
Bybee spoke of how some developers of the National
Science Education Standards favored putting Earth con-
cepts into Life Science (evolution, for instance), or into
Physical Sciences (matter and minerals), and Societal
Impacts of Science (global climate change, acid rain,
etc.). The very features that make Earth sciences func-
tion on a systems model make them vulnerable to re-
combination and dissolution into unrecognizable forms.
Those same features, however, make Earth Systems
Science a strong favorite among those who see a need
for school science to change to a post-Cold War model,
providing an ideal medium for integrating the various
sciences in the science curriculum. There is no longer
a strategic need for physics and the sciences of war, thus
the school curriculum might better focus on strategic
means of surviving human impacts on the global envi-
ronment.

In the U.S., a group of colleges and universities are
joining together to develop programs in Earth System
Science Education (ESSE) through the Universities'
Space Research Association. Each institution has de-
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veloped an entry-level course in Earth System Science
for non-science majors, and a capstone course for se-
niors that brings together the science disciplines to fo-
cus on a global issue such as food supply or global
change. The ESSE model appears to have much to offer
the scientists in its use of scientific modeling and its
determination to cross disciplines in a meaningful way,
and much to offer modern educators as well in the tech-
niques and tools used to emulate scientific inquiry. Ex-
amples of models of Earth processes and new ways to
visualize and interpret data strengthen this kind of
modern approach.

Potential and issues. In shaping the program for the
conference, the organizers attempted to model the kinds
of Earth system science and educational potential that
were being encouraged. Good science was the focus of
numerous presentations from a wide variety of coun-
tries, and the conference provided fascinating examples
of how scientists were reaching toward the theme of
Earth as a system. For example, an introduction to crys-
tallography was as artistic as it was scientific; a work-
shop taught people how to construct simple input-out-
put models of Earth systems; videotape and CD-ROM
provided in-depth views of Earth events such as the erup-
tion of Heimaey to the extent that textbooks could not.
A number of college programs employing interdiscipli-
nary techniques were described, including field stud-
ies, local and regional geoscience features, mine tours,
and natural disaster effects mitigation, all as means of
making the sciences more relevant to learners and there-
fore more attractive within the curriculum.

In secondary schools some of the same tools are be-
ing used to enliven the curriculum and generate inter-
est in Earth systems. Mapping, image processing and
computer simulations appear to be the favored junior
high and high school modes of demonstrating how sci-
ences are interrelated. Some schools have the opportu-
nity to integrate other disciplines as well, and teach
through language arts, math, music and mythology to
capture the attention of those with different learning
styles and experiences. Paper cores hanging from the
ceiling demonstrated a means of teaching stratigraphic
correlation; baking soda in film canisters showed why
some volcanoes erupt and others just flow; a plate tec-
tonics teaching supplement and map of "This Dynamic
Earth" provide global data for studies of how the planet
is changing. Yolanda Alba de Gonzales, a life-time ser-
vice awardee from Venezuela, provided information on
how software and artists' graphics were integrated into
secondary teacher workshops and used to generate en-

vironmental impact studies based on real situations.
Indeed it was notable how frequently Earth system sci-
ence was introduced or characterized through study
of an environmental issue or relationship of human
activity.

Research based on such efforts was reported from a
number of countries and educational levels. It appears
that there are still many misconceptions about the Earth
system among students and the public, and that the use
of some technologies are being implemented too early.
Certain types of technology experiences could be frus-
trating if they are not limited to students who have
reached abstract levels of thinking. Comparative re-
search in several Latin American countries demonstrates
that problems within science are common across the
cultures, as are problems within education.

Looking ahead. Because of issues of declining enroll-
ment in the geosciences, several presentations dealt with
the training of geoscience specialists. A study of the
demographics of Earth systems science professions con-
firms that this is an aging group, yet some scientists
are pessimistic that the educational system will be will-
ing to make the changes needed to foster attention to
the needs of the professions. Some problems may arise
in communication from the profession to the trainers.
Job descriptions have been changing dramatically. It is
difficult to prepare people for careers when the inter-
disciplinary nature of the professions is not apparent,
and the preparation that follows traditional disciplin-
ary lines is not seen by most as being adequate for cur-
rent jobs. The need for interdisciplinary training is not
even a view shared by all. Some scientists believe
strongly that the Earth sciences require special skills
and knowledge that would not be acquired in other ar-
eas, thus they see a need to keep Earth science students
apart from others and use technologies and techniques
specific to the Earth disciplines in at least some portion
of their professional training.

Thus the primary Earth system science issues emerg-
ing from conference discussions and reports can be
grouped into three broad categories: interdisciplinary
and/in professional training, public Earth systems sci-
ence literacy, and application of Earth system science
to studies of environmental change. The "Scientist"
participants (most would claim to be in this group) were
actually a group that was already implementing change
toward interdisciplinary, systems-oriented research and
teaching. Apparently the conference announcements
attracted the innovators in the field. If these same people
are the opinion leaders in their institutions and coun-
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tries, educational leaders in Geoscience can make strides
toward entering the 21st Century ready for the chal-
lenges of a new way of thinking about their subject.

Conference outcomes II: Learning

about the Earth
Rationale and Interpretation. If scientists and educa-
tors accept that Earth is a system and should be stud-
ied in ways that reinforce that notion, what does such
learning look like and how does it occur? What will
have to happen before such learning is considered "real
science"?

The rationale for integrating the sciences around a
study of Earth was articulated by several major speak-
ers at the conference. Rodger Bybee of the National Acad-
emy of Science spoke to the delegates just after he had
spoken at a Global Science Education Standards meet-
ing in Korea. He was enthusiastic about the idea of Earth
as a focus for the curriculum and offered guidance for
those who would implement changes in their own
schools. His admonitions about integrating sciences
vertically across grades, not just horizontally through
one school year, were received with interest, as were his
reminders that changes in curriculumAlone would not
generate changes in science education; they must be
accompanied by changes in systems, programs, profes-
sional development, assessment and other factors that
are spelled out in the National Science Education Stan-
dards (NRC, 1996).

Following up on the idea of world standards was the
general feeling that education about the Earth system
could serve as the integrating force that would foster
global science literacy. Such views are being used in cur-
riculum restructure not only in many U.S. school dis-
tricts but also in other countries. Comparisons of U.S.
science education with that in Japan were described by
Yoshisuke Kumano, including how implementation of
Earth systems education as a way of integrating and
modernizing the Earth science curriculum is accom-
plished and how teachers respond. In Japan as well as
in many other regions, Earth systems education is serv-
ing to provide information not only on how the sciences
of the Earth are interrelated and relevant to learners,
but also how human activities have impacted Earth.

While ESE is not to be equated with environmental
education, it is undoubtedly seen by many as a logical
place in the curriculum for environmental issues to be
explored. The changes in Earth science education docu-

mented by David Thompson of the UK, and the atmo-
spheric impacts of human activity demonstrated by Ellen
Mosley Thompson of the U.S., both focused on the ur-
gent need for environmental protection based on an
understanding of how people affect the Earth system.
Certain poster presentations and workshops focused on
environmental issues as well, providing examples of
board games, watershed protection, time-series satel-
lite images for monitoring Earth changes, and the like.
It was clear that environmental sciences are emerging
as an important component of instruction about the
Earth system, and Earth systems education with its in-
tentional integration of subjects offers a pedagogically
sound means of teaching about complex environmen-
tal interactions.

Implementation. At the secondary school level (middle
and high schools), a great range of instructional tech-
niques and tools are being brought into the teaching of
sciences of the Earth. Schools in the U.S. are becoming
aware that Earth and Space Sciences have a separate
set of National Standards, and this legitimizes the sub-
ject, providing a new opportunity to pay attention to
implementing. Some effective tools that were demon-
strated and evaluated at the conference were technol-
ogy based, in which students can learn to use the same
techniques as scientists, and even share their data with
scientists as in the GLOBE program. Distance learning
technologies enable rural and remote students to par-
ticipate, and more teachers to learn how these tools
work. Networks of students using computers to share
information are becoming an exciting way to introduce
how science grows through collaboration and explora-
tion of interesting questions among peers.

Presentations and discussions also considered ways
to teach, habits of mind and modes of working. Coop-
erative learning is growing in importance among sec-
ondary schools, and students are learning from this ex-
perience that they can succeed if they take responsibil-
ity for their own learning. Some colleges are experiment-
ing with peer mentoring and cooperative learning as
well, but they find the older the students are when these
techniques are implemented, the less enthusiastic the
students are to try them. They have learned to trust the
teacher and their own perception of what the teacher
wants, so new learning methods that depend on others
are difficult to accept until some personal success is felt
within those methods. Another technique in this cat-
egory is guided discovery, in which student groups are
challenged to figure out a problem or situation by col-
lecting and analyzing information and making group
decisions.
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lissues of pedagogy and practice. Teachers from all grade
levels were present to tell their experiences, and many
noted similar constraints and boundaries: students are
seen as wary of science in general, reductionist learn-
ing styles have been reinforced throughout their school-
ing, and teachers have difficulty teaching in a systems
approach because they were not trained that way. Teach-
ers would like to have "kits and cookbooks," the scien-
tists claim, and the teachers acknowledge that until their
own professional training can effect changes in the
workforce, those crutches may be the only way some
teachers can take the first steps to integration.

The challenge must be given to colleges and univer-
sities first. Improving college teaching will go far to
improve precollege teaching. An excellent example of
how college teaching can work is provided by a group
of U.S. institutions that have joined minds and other
resources for Earth Systems Science Education. The UK
is instituting a program for licensing college teachers,
not just to assure that they have strong subject matter
(their PhD did that) but to assure they can teach! Good
examples are the best teachers. Academics who do re-
search should be rewarded for interdisciplinary activ-
ity, not chastised or seen as renegades in their disci-
pline, as many are now. Discipline bigotry must be over-
come. Emerging disciplines and those that blend sci-
ence with social issues deserve to be recognized for what
they offer the curriculum. Many good college teachers
also prefer to do their research instead of teach, often
because the reward structure favors research. Academ-
ics who teach well should also be rewarded, and it is
these types of people who should be in the position of
providing professional development for teachers.

For teacher education, NASA'.s Classroom of the Fu-
ture offers a course in Earth systems education, taught
via the Internet. Other projects facilitated by national
funding sources or professional organizations also en-
hance the systems thinking and provide teachers with
ideas and tools for teaching about the Earth system. At
the conference, teachers were present who had partici-
pated in the Maury Project, Project IMAGE, ESSTEP
(Earth and Space Science Technological Education
Project), Program for Leadership in Earth Systems Edu-
cation (PLESE), Project QUEST, Project Skymath, Tropi-
cal Rain Forests Forever, From Pebbles to Moon Rocks,
GLOBE, and EPIcenter. Many of the projects not only
provide support for continuing education, but also fa-
cilitate educational change by providing release time
for teachers to develop materials or work together to
plan collective projects. The range of opportunities is
growing, and many teachers learned of new possibili-
ties they will now explore. The importance of profes-
sional societies and funded national projects as means
of teacher enhancement was clear to those from out-
side the U.S. They are interested in developing such

collaborations in their own countries and found numer-
ous models to emulate.

Lessons from the International Conference
Conference delegates from 27 countries joined into the
discussions of education issues and science issues
throughout the conference. It quickly became clear in
yet another instance that ours is a small world. Con-
cerns are essentially the same worldwide, especially in
academia with its research versus teaching dichotomy
and its disciplinary barriers. The range of innovative
programs presented from countries outside the U.S. was
a source of numerous productive conversations, and
delegates were overheard planning international col-
laborations on papers and projects in the near future.

It is difficult to summarize what the real outcomes
of a conference such as this might be. Participants come
with varying agendas and are bound by a full range of
what can be accomplished in their situations versus what
cannot. Nevertheless, this particular conference offered
more than the usual means of evaluating its outcomes
and gauging the extent of what might be the next steps
others are willing to take. As a conference with an edu-
cational and scientific mission that was fairly well de-
fined, we expect that the Second International Confer-
ence on Geoscience Education sent its delegates out with
evidence to say:

The Earth is a system; Earth science is not bound by
a single discipline.

Earth is an appropriate focus for relevant science
learning.

Earth system science helps people understand glo-
bal environmental change.

Technology useful to my teaching is available.

Field studies are great integrators.

Research has some useful lessons for my teaching.

My situation deals with issues similar to those of
others.

I am not alone.
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Pre-Conference fie0d Trips

The basic conference theme was carried out through special pre-conference field trips on the island

of Oahu. Participants learned about Hawai'ian Earth processes and the results of human interventions in

those processes.

Saturday, July 26: Earth Systems Interactions
This all day field trip was designed for both middle

school and high school earth science teachers and col-
lege/university teachers of geoscience courses. Partici-
pants examined the evidence left by interactions between
volcanism, the biosphere, ocean, and atmosphere. The
effects of atmospheric changes over time were addressed
through the examination of sand deposits, abandoned
shore lines and other features. Field trip leaders were
E. Barbara Klemm, Department of Teacher Education
and Curriculum Studies, The University of Hawai'i -
Manoa, and Martha Sykes, Hawai'i Institute of Geophys-
ics and Planetology.

Sunday, July 27: Global Change Evidence at
Kaena Point

This was a half-day long inquiry-based field trip es-
pecially designed for Introductory Geoscience college
instructors. Participants examined evidence for global
change in coral reef deposits that parallel modern vol-
canic deposits. Field trip leader was Martha Sykes,
Hawai'i Institute of Geophysics and Planetology.
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Workshops

These two-hour special sessions offered hands-on learning opportunities designed to be used by
either secondary schools or college and university educators.

College\Universify Workshops

bmovative Teaching Techniques For More
Effective Geoscience EducationWays to
Actively Engage Students to Improve
Learning.
Barbara Tewksbury, President, National Association of
Geology Teachers, Department of Geology, Hamilton
College, Clinton, NY 13323

'IYaditional lecture is a comparatively ineffective way
of teaching students. Because most students are pas-
sive listeners during lecture, they retain a depressingly
small proportion of what is delivered. Retention im-
proves dramatically, however, when students are actively
engaged in their own learning. This workshop gave par-
ticipants specific strategies for actively engaging stu-
dents in the classroom and provided examples of actual
assignments and activities for participants to use as
models for creating assignments of their own.

Developing Technology Based Curricula in
Earth System Science at the Undergraduate
Level.

Sean Cash, School of Natural Resources and
Environment, University of Michigan, and John T. Snow,
College of Geosciences, The University of Oklahoma

An interdisciplinary introductory course sequence
in global change developed at the University of Michi-
gan provides a model for the integration of Internet web-
based materials for assessment and large group instruc-
tion and the use of modeling and data visualization pro-
grams for laboratory experiences. This workshop com-
bined a description of this course sequence with some
examples of computer-assisted and web-based tools
which can be used in similar undergraduate level
courses.

Participants also had the opportunity to explore sev-
eral models using the STELLA modeling language.
Models of various components of the Earth System can
be easily constructed and used to explore, in highly
simplified form, "how the world works." The layout
and operation of a terrestrial energy budget model, a
water cycle model, and a carbon cycle model were used
with emphasis on the organization of the models as
interactive "learning environments." Copies of the
models, together with a run time version of STELLA,
were provided to allow the participants to actually run
the models. More information can be found at http:11
www.sprLumich.edulGCLI

A simplified representation of the hydrologic cycle

Terrestrial Atmosphere Atmospheric Transport Martim Atmosphere
M Evaporation

Freezing Out of Sea Wat
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Earth System Data Analysis and
Visualization Tools for Classroom Use.
Daniel C. Edelson, Northwestern University, and Farzad
Mahootian, Gonzaga College High School

Earth system science research requires efficient
browsing of large volumes of data. The Earth System
Visualizer is designed to meet the challenges posed by
research-oriented Earth system science courses.
World Watcher is a visualization and analysis program
for global data created specifically for use in education
settings. It provides the support that learners require
while providing many of the analysis features of scien-
tists' tools. In this workshop, activities demonstrating
the use of both of these programs were conducted to
acquaint participants with these research and instruc-
tional programs and to stimulate discussion regarding
their advantages and limitations for use in undergradu-
ate earth systems science courses.

Secondary School Vlorkshops

Sharing the Science of the Earth's System:
NASA's Mission to Planet Earth Education
Program.
Stephanie Stockman, Science Systems and

Applications, Inc.

Mission to Planet Earth (MTPE) is NASA'.s contribu-
tion to developing a vastly improved understanding of
the Earth. The unique vantage point of space provides
information about the Earth's air, land, water and life

and the interactions among themthat is not available
using any other means.

MTPE has education programs which reach K-12
teachers and students as well as faculty and students at
the undergraduate and graduate level. These programs
emphasize increasing the understanding of the Earth
as an integrated system and how natural and human
induced change impact the earth's systems on regional
and global scales. The education programs also strive
to bring up to date technologies and scientific data into
the classroom. This workshop provided an overview of
MTPE education programs and products. Participants
explored MTPE education Internet sites and participated
in activities which incorporated MTPE poster and litho-
graph sets.

Meeting Earth Systems Education
Standards Through Technology.
William Hoyt and Ray Tschillard, University of Northern
Colorado, and William Slattery, Wright State University,

Dayton, OH.

Middle school and high school science teachers are
being challenged to have their students meet a variety
of state and national standards for science education.
In this workshop several approaches and materials were
demonstrated that use the Internet on a state or na-
tional basis to assist teachers in implementing Earth
Systems Education standards. These Earth system ac-
tivities for elementary (prehistoric animals), middle
(plate tectonics and earthquakes), and high school stu-
dents (the greenhouse effect) are aligned with national
and state science education standards.
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U.S. Geollogficall Suarivey lEdaticalioira
Resources.
Leslie C. Gordon and Laure G. Wallace, United States
Geological Survey

Established by The United States Congress in 1879,
the U.S. Geological Survey (USGS) is responsible for
providing the Nation with critical geologic, topographic,
biologic, and hydrologic information. This information
comprises maps, data bases, and reports containing
analyses and interpretations of water, energy, mineral,
and biological resources, landsurfaces, marine environ-
ments, geologic structures, natural hazards, and the
dynamic processes of the Earth.

This workshop shared a wide variety of USGS educa-
tion outreach materials and resources ranging from
printed maps, posters, and teacher packets, to real time
data on the Internet. Hands on activities about volca-
noes, beach sand, coastal erosion, and global change
concluded the workshop.

tr.

GIG ErGloball Learning andl
to eneffit the Environment

lb lbservations

Stephanie Stockman, Science Systems and
Applications, Inc.

The GLOBE program is a hands-on international
environmental science and education program. GLOBE
links students, teachers, and the scientific research com-
munity in an effort to learn more about the environ-
ment through student data collection and observation.
GLOBE fosters the creation of a worldwide research team
comprised of students and teachers in collaboration with
scientists for the purpose of generation knowledge of
the Earth as an interconnected system. Students from
ages five through eighteen years in 3000 schools in more
than 50 countries throughout the world conduct a con-
tinuing program of scientifically meaningful environ-
mental measurements. The measurement protocols
were designed by teams of scientists and educators to
be appropriate for primary and secondary students and
to generate accurate and reliable measurements for use
by the international science community. GLOBE stu-
dents transmit their data to a central data processing
facility via the Internet, receive vivid images composed
of their data and data from other GLOBE schools world-
wide, acquire information from a variety of sources, and
collaborate with scientists and other GLOBE students
and communities worldwide in using these data for edu-
cation and research.

1 c'
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Posf-Conference Workshops

Two Post Conference Instructional Design and Technology Workshops were conducted on the Island

of Hawai'i.

Using the Computer as a Learning Tool in
Studying the Solid Earth System.
Nir Orion, Weizmann Institute, Israel, and several of his

graduate students conducted the workshop.

This all-day workshop was designed for school edu-
cators and college teachers of geology. Participants met
in the University's computer lab to learn about several
aspects of using the computer as a learning tool. Those
aspects included: a) the computer as a tool for organiz-
ing and presenting knowledge, and b) acquaintance with
software especially designed to enhance spatial visual-
ization and to instruct in solid earth processes. Partici-
pants also evaluated the Internet as a resource for Geo-
science instruction.

Designing Earth Systems Education
Curricula.
Leaders were William Hoyt and Raymond Tschillard,
University of Northern Colorado and Dan Jax, Bexley
Middle School (Ohio).

This all-day workshop was designed for middle school
and high school teachers. Participants engaged in an
integrated field and classroom experience. It began in
the rain forest along the Wailuku River near Hilo where
they engaged in sample field activities. Following lunch
they conducted sample secondary school earth systems
classroom activities. Time was devoted to a discussion
of strategies for redesigning and implementing curricu-
lum change to meet national and regional standards.

1 9
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Engage ent Sessions

Certain presentations were highlighted as lending themselves more specifically to demonstration and

participant interaction than the poster format would allow. Those presentations are featured here with

their abstracts. Laure Wallace and Hiroshi Shimono presided over the sessions.

Rethinlishng Naturall Sciemice-An Interactive
Earth System Secondary Level Curriculum.
Rebecca Slayden-McMahan and Lanette Gunderson,
College of Education, Austin Peay State University,

College Street, Clarksville, TN 37044 USA.

Participants experienced a collection of twenty origi-
nal board games designed to teach science to middle
and high school students from an interdisciplinary per-
spective. The subsystems of the natural world were sur-
veyed and presented as interactive systems. Each of the
interactive games was developed using information from
both printed and electronic sources. Science content
included in each game was presented to workshop par-
ticipants in the format of conceptual webs which dem-
onstrated the interrelatedness of concepts and subcon-
cepts. The games demonsfrated a thematic curricular
format of instruction integrating traditional content of
science and social studies. They are designed to imple-
ment a 3-dimensional instructional approach in science
education which is student-centered. The games pack-
age provides simulation experiences during game play
and cooperative learning lead in activities which allow
for greater student application of thinking skills and
problem solving. Each game includes resource materi-
als and minipulatives. These games are copyrighted and
include a teacher's manual. The following games were
demonstrated:
Animalia

Arachnids

Archaeology

Bat-Mania

Ecosystems

Entomology

Functional Physics

Geo-Logic

Human Body

Growth and
Development

Man's Effect on the Environment

Meteorology

Oceanography

Paleontology

Pond Ecosystem

Rainforest

Scientists at Work

Space Odyssey

Trees

Whale Song

The Hehnaey Eruption, Iceland: The First
24 Years.
Alan Morgan, Department of Earth Sciences, University
of Waterloo, Waterloo, Ontario, CANADA N2I 361

This was a video-tape presentation documenting the
eruption on the island of Heimaey a small island off the
coast of Iceland occupied by a fishing village. The pro-
gram illustrated the interactions between volcanic ac-
tivity and its impact upon humans, their society and
economy.

The decade between 1963 and 1973 was one of ex-
treme volcanic activity in the Westman Island Archi-
pelago. Surtsey appeared in November of 1963, followed
by Surtla, an undersea volcano at year end 1963,
Syrtlingur in October 1965, Jolnir in late December
1965, and Surtsey again (1966 mid-1967). Six years
later Eldfell commenced activity on Heimaey, some 20
km north of Surtsey. This relatively small basaltic vol-
cano caused the evacuation of the town of
Vestmannaeyjar and displaced over 5,000 people, some
2 percent of the population of the country.

The eruption on Heimaey was quite unexpected and
remarkably quiet. A two km fissure opened across the
island, missing several homes by less than a few hun-
dred metres. Fortunately the inhabitants were able to
evacuate the settlement within five hours due to the
Westman trawler fleet being in port, and with the aid of
aircraft from the U.S. naval base at Keflavik. During the
first few weeks homes were destroyed by pyroclastic
debrisbombs breaking into houses through roofs and
windows, and the weight of water-saturated ash that
broke rooftops and walls.

The second phase of the eruption (mid-February to
late April) involved the advance of lava into the town.
Lava had flowed from the fissure within hours of the
onset of the eruption, but after the partial collapse of
the tephra cone things became serious. The rescue work-
ers used boats to spray the front moving into the sea
and set up several dozen diesel pumps to take seawater
from the harbour via pipes to the landward flow. The
idea was cool the face of the lava front. It is difficult to
judge whether the apparent success was due to the spray-
ing efforts or to the diminishing output of lava from
the volcano. This stage of the eruption was also marked



Engagemenf Sessions

by gas emanations from the volcano, and low-lying ar-
eas of the town had to be treated with caution at times
when the air was still.

The final stage of the eruption came after the vol-
cano had ceased activity in late June. This involved clear-
ing the town, an evaluation of the lava field, and what
was to be done with the community. Within one year
most of the initial cleaning and rehabilitation were com-
plete. The residents used the tephra to extend the run-
ways at the local airport and to provide building foun-
dations for new homes to replace those lost in the erup-
tion. The town continued to pump fresh water from the
mainland, and the lava field was used to provide a geo-
thermal energy resource that kept the community al-
most self-sufficient in heating energy until June of 1991.
The water from the mainland was used in space heating
and eventually distributed in homes and businesses as
hot tap water. The "bonus" of having a recently quies-
cent volcano also contributed to the tourist potential of
Heimaey.

Changes hn the Cunture of Science
Education in the UN and Some
Implications for Education ahout the
Natural Environment.
John A. Fisher, School of Education, University of Bath,
Claverton Down, Bath, UNITED KINGDOM BA2 7AY

For over 200 years there was a tradition among the
clergy of the UK for research and writing about the natu-
ral world, particularly about their own local environ-
ment. This 'amateur' tradition spanned the time of the
Rev. Gilbert White, who wrote 'The Natural History of
Selborne' in 1788, to the Rev. William Keble Martin who
spent 40 years preparing the illustrations for 'The Con-
cise British Flora' which was published in 1965.

Since the 1930s this tradition has been continued
and developed, to a considerable extent, by secondary
school teachers. Significantly, much of the work was
actually carried out in their schools and often involved
the participation of school students. Some of this work
was more academic than others and the results varied
in the degree to which they were made available to a
wider circle, but for a period of about 30 years, many
students gained enormous benefit from being part of
those activities.

Not only were they learning by observing and shar-
ing aspects of the work but the teachers became identi-
fied as those who 'practised what they preached' and in
doing so became inspirational role models for nearly
two generations of students. There were values which
were shared between 'master and apprentice' as they

participated in a common interest. In doing so an ac-
tive science culture developed in many schools which
gave to students a greater sense of being part of a learn-
ing community. Well known examples of such teachers
were Earnest Neal of Taunton College who wrote the
definitive work on the Badger, Wilfred Dowdeswell who
did much to establish the science of ecological genetics
through his outstanding work on British butterflies and
John Myers whose geological studies of Staffordshire
underpinned his inspirational teaching and established
an important regional centre for geological study.

This scientific culture in schools can be more widely
exposed by searching the professional literature. Cov-
ering the period from 1945 to 1995, The School Sci-
ence Review (the quarterly journal of the ASE), has been
sampled periodically and the content, author and ori-
gin of the samples analysed. This enables us to mark,
during this period, when school teachers were actively
publishing scientific articles in a journal intended for
fellow teachers.

Preliminary work suggests that it is possible to cor-
relate the changing pattern in publications with changes
to the organisation of the school system, to methods of
science teaching and to changes in the science curricu-
lum. The critical aspect being, that if a scientific cul-
ture in school brought particular qualities and values
to the educational process, then how might we be able
to encourage and promote the development of such
cultures in the face of policies which seem to work
against such cultural values and systems?

A major constraining factor seems to be the National
Curriculum and the effect it has had on the autonomy
of teachers and how they perceive their professional
roles. It is widely acknowledged that the National Cur-
riculum, (which attempts to provide a standardised sys-
tem of science education and an equality of entitlement),
has led to a 'rounding down' in student attainment and
expectation. Furthermore, many believe that a 'quality
assurance' system which is based upon a system of con-
tent control and Attainment Targets has produced a 'box
ticking' mentality among very many science teachers.

This, of course, runs contrary to the model where
teachers were once assumed to have a wide, thorough
and more philosophical understanding of science and
were given the space and the professional responsibility
to develop an appropriate learning environment and
teaching programme. The best teachers did this excep-
tionally well and there are still a few teachers remain-
ing who can remember times when such practices were
regarded as normal and also the influences which they
had on pupils. Many of these teacher/scientists taught
much of their courses in the field and thus introduced
natural systems as a key part of their work. They also
used their personal interests or research to support their
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teaching and to provide the cultural underpinning to
the learning process.

Within about 10 years the professional experience
of most teachers will be limited to that of a mechanistic
and functional system designed to 'deliver' a 'training
in science' and knowledge of times when science teach-
ers were actively interested and involved in science, as
part of their professional role, will be lost. When that
point is reached the way back will then be very difficult.

lindividualizing Instruction in Geological
Sciences for Children with Disabilities.
Larry Lowrance and Donald Luck, Austin Peay State
University, Box 4545, Clarksville, TN 37044 USA. Debra
Lowrence, Kenwood Middle School, Clarksville, TN

USA.

The presenters discussed a project, Science and
Mathematics and the Handicapped (SMATH), which
developed a procedure to individualize instruction in
the sciences for any child with disabilities. Over 200
teachers were trained statewide during 1995-96 in Ten-
nessee, and many of these developed and taught instruc-
tional units in the geological sciences. Specifically pre-
sented were the individualization model, the distance
learning format for teaching the model to teachers in

the schools of Tennessee, and samples of geological sci-
ence units that were taught during that year to chil-
dren with disabilities, as well as the adaptations made
so these children can learn the concepts being taught.

The individualization model, called branching of
instruction, can be applied to any process oriented in-
structional lesson plan for content areas in math and
science. It is based on individualization of instruction
according to the age/developmental level, learning style,
motor abilities, language needs, attention or behavioral
needs, and sensory needs of each child. These charac-
teristics are considered in planning a lesson whether
the child is educated in a regular classroom in an inclu-
sive educational setting or in a self contained special
education classroom. The presenters feel that students
with disabilities, when receiving instruction in tradi-
tional content areas such as geological science, often
are inattentive, sometimes disruptive, interfering with
the learning of others, and frequently do not learn up
to their teachers expectations. Data were presented to
show that, when these students' individual learning
needs are included in the planning and implementa-
tion of instructional units, such concerns significantly
lessen.

The presentation included a Powerpoint display on
the content, the branching model, completed branch-
ing lesson plan forms for various groups of children with
disabilities, and a demonstration of a teaching lesson
on tape.



All-Conference field Trip

All conference participants attended a field trip to Hawai'i Volcanoes National Park on July 28, 1997.

The field trip was organized by Laure Wallace and sponsored bythe United States Geological Survey (USGS).

Special assistance was provided by Don Swanson of the Hawai'ian Volcano Observatory (HVO), the Hawai'i

Volcanoes National Park, Center for Science Education at the University of South Carolina (USC), and the

Center for the Study of Active Volcanoes at the University of Hawai'i, Hilo (UHH).

The complex interactions of volcanic systems, atmo-
spheric conditions, the adaptation of flora and fauna,
and the overlay of Hawai'ian culture framed the field
trip discussions. Each stop examined some aspect of the
Earth system and reflected on how that component is
defined by other interacting systems. 'I\vo stops also
involved attendees in participatory learning about the
interactions.

Stop 1: Uwekahuna Overlook; HVO and the Jaggar
museum
Topic: Pele and the USGS

Leaders: Arnold T Okamura, HVO, and T. Leianuenue
Reviera, National Park Service

Uwekahuna is the summit of Kilauea Volcano, where
native priests offered their chants to Pele, the Hawai'ian
Goddess of Volcanoes. Park ranger Reviera related the
cultural significance of the site to the native Hawai'ians,
and explained why the location is sacred. Geologist
Okamura gave a brief history of HVO and defined the
role of the USGS in mitigating geologic hazards. Par-
ticipants then toured the Thomas A. Jaggar Museum
and the Hawai'ian Volcano Observatory.

Stop 2: Southwest Rift Zone
Topic: Guided inquiry in field experiencesinterpreting
Earth system interactions

Leaders: Don Swanson, USGSHVO, and John Carpen-
ter, USC

A field trip experience can enhance participants'
problem-solving skills and engage students in a learn-
ing experience in which they solve an Earth systems
interaction problem. At this site, participants worked
in small groups to investigate two questions, one re-
lated to the climatic conditions of the site and their in-
fluence on the island as a whole, and the second inter-
preting the patterns of rocks to determine the sequence
of geologic events that had occurred. The guided in-
quiry approach was effective in developing experience-
based questions that recurred in discussions through-
out the conference.
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Stop 3: Halema'uma'u Crater Overlook
Topic: Living with volcanic air pollution; monitoring
seismic activity

Leaders: Rob Klee and Paul G. Okubo, USGSHVO

Kilauea releases about 2000 tons of irritating sulfur
dioxide gas (S02) each day during eruptive periods.
Some of this combines with cloud moisture to form acid
precipitation, and the gas itself may contribute to res-
piratory problems for humans. Vog is a hazy form of air
pollution produced when S02 and other volcanic gases
react chemically with oxygen, moisture, sunlight and
particles. The pH of Vog can be as low as 1.5-2. Vog is
also suspected in numerous health problems all over
the island. This stop included a walk among fuming
vents to the edge of the crater, and a demonstration of a
portable seismograph to look at changes in earthquake
patterns and possibly predict changes in the volcano's
behavior. There are 65 seismic stations on the island,
with 40 on Kilauea itself. Seismic monitoring has taken
place on the island since 1912.

Stop 4: Devastation Trail

Topic: Guided inquiryinvestigating geologic and bo-
tanical history
Leaders: Darcy Bevens, UHH, and Deiter Mueller-
Dombois, UH Manoa, Emeritus

In this location participants examined the patterns
of vegetation growing on the barren lava, and also noted
the varying characteristics of the lava itself, from oliv-
ine-rich cinders to solid flow areas. Questions were gen-
erated and explored regarding what characteristics of
plants adapted them to life on the devastated area, where
the plants could not grow and why, and how some plants
escaped devastation while others were killed. The re-
markable variety of plants in the harsh combination of
land, weather and lack of water was discussed.

Stop 5: Na-Huku Lava Tubes

Topic: Earth systems interactions in a lava tunnel

Leaders: Bobby Camara, NPS, and Jim Kauahikaua,
USGSHVO

Development of lava tubes within a lava flow allows
lava to be transported great distances while losing very
little heat. The lava tube at this site formed 350-500
years ago, and it has become a center of biological (in-
cluding human) activity. Roots from the rain forest pen-
etrate lava tubes and host ecosystems of blind inverte-
brates uniquely adapted to life in perpetual darkness.
Cracks in the walls allow water in. Hawai'ians made ex-
tensive use of lava tubes as sites for water collection, for
habitation, burials, and some religious practices. The
Cave Management Program of the National Park is re-
sponsible for protecting these unique Earth systems.
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Five presenters representing science, education and culture provided lectures that carried out the

theme of the conference.

Native Perspectives on Natural and
Cultural Resources

Kepa Maly, Cultural Resources Specialist, Kumu Pono
Associates, Hilo, Hawai'i, USA

The speaker was introduced by Rosanne Fortner, The
Ohio State University.

Abstract. Our cultural diversity leads us to look at
the natural and cultural resources (or landscapes) in
different ways and to apply different values to them. In
a traditional cultural context, the native people of
Hawai'i see cultural resources as not only things of a
physical, geographic, practitioner's or archival nature,
but they are also natural resourcesi.e., the earth and
elements around it.

Hawai'ian traditions of creation: Man is a part of,
rather than apart from, the natural environment.

In a Hawai'ian context, the spiritual beliefs, cultural
practices and cultural landscape of the Hawai'ian people
were intricately bound to the natural landscape of the
islands. The culture was as dynamic as the environment
that gave it life. Indeed, Hawai'ian tradition tells us that
the sky, earth, ocean, natural phenomena, nature and
animate and inanimate forms were the embodiments of
Hawai'ian gods and deities. In a Hawai'ian genealogical
account, Wakea (the expanse of the sky) and Papa-hanau-
moku (Papaii Earth-mother who gave birth to the is-
lands) also called Haumea-nui-hanau-wa-wa (Great
Haume au Woman-earth born time-and-time again) and
various gods and creative forces of nature, gave birth to
the islands. The same forces were also the parents of
the first man (Haloa) and from this ancestor all
Hawai'ian people are descended (cf. David Malo, 1951).

In this genealogy, Hawai'ians were the youngest sib-
lings of the Earth-family; nature was the source of the
culture. In the 'ohana (family) it was always the respon-
sibility of the younger generations to care for those who
came before them (the earth family). Thus, in the
Hawai'ian mind cultural and natural resources are in-
separable. Many kupuna (elders) note that their elders
instilled in them the understanding and belief that "Be-
ing close to nature was to be close to God." Another
Hawai'ian thought that is expressed by many kupuna is
"Malama ka 'aina, a malama ho'i ka 'aina ia 'oe,iho" (Care
for the land. and the land will care for you in return).

Aloha! I'd like to thank you very much for allowing
me to join you this evening. From my sense of who you
are by your organization, I think that we share a kin-
dred spirit. It's important for us to know who we're
speaking to and where we come from. In a Hawai'ian
context, we share who we are, our roots, our origins
because it establishes a rapport for a relationship. I was
raised on the islands of O'ahu and Lana'i. I am not of
Hawai'ian ancestry, but was taken as a "keiki hanai,"
like an adopted child, by a pure Hawai'ian family, that
helped to raise me. Their name was Kaopuiki. Today,
you were at the land that goes by the name Ka'u, at the
volcano, the craters of Kilauea-nui, Halema'uma'u, and
Kilauea-iki. The names show the relationship that people
felt with the land with the environment around them.
The couple that brought me up were in their late sev-
enties when I went to live with them and I was one of
thirty-two children; sixteen of their own, and 16 others
that they cared for. We spoke Hawai'ian at home. As I
grew up, I was blessed, I know, to have had the opportu-
nity to touch the spirit of this land. And from those
kupuna, the Hawai'ian word for elders, I've been given
the opportunity to bridge, to step across, and work with
many people throughout the islands.

Today, as I see a part of the theme of your confer-
ence, "Earth Systems" or "Earth as a System," it tells
me something that's very important and I think also
something that's changing the way we look at the earth
and the environment around us. Before, we tended to
isolate ourselves, to separate ourselves, looking at each
little part individually. No one realized that we needed
integrated resources management, or caring for, and
seeing how all of these facets are bound together, par-
ticularly for those of you who are educators. How im-
portant it is to find little things that people, that your
students, can associate with, because if we just hit them
,with the science, if they don't see that people share a
relationship with the earth and the environment around
them, it is almost meaningless. So, this evening, I'd like
to share with you a little bit about where you are here
in Hawai'i. But, also, importantly, I would like us to
participate in the Hawai'ian slang, the term that's used
today, "talk story." If you have some questions, such
things that you brought with you, the ideas or thoughts
about Hawai'i, or ideas that were sprouted or planted
today or are now germinating, perhaps I can help to
answer some of those questions or provide you with
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some guidance as to how you might find the answers to
those questions.

A little later, I'd like to take the opportunity to inter-
act with you . Before that, I'd like to share with you two
sayings that my elders taught to me. As teachers, I think
many of you will appreciate this. There is an ancient
Hawai'ian saying, "il'ohe pau ka 'ike i ka halau ho'okahi"
(not all knowledge is found in one school). So I might
share something with you that is a little different than
what you have heard or what you came prepared to hear
and know. I have come from another school. This is
important as we go though life and realize that there
are many sources, many paths, for us to take to ulti-
mately reach the same goals or objectives.

The other saying that is important to me, one that
has given me, in many ways, my life, is "0 ka mea
maika'i malama, o ka mea maika'i 'ole kapae `ia," as
my Tutu papa or grandfather shared with me, it means,
"That which is good of what I say, keep; that which wasn't
appropriate, or perhaps, which may even have caused
pain, set it aside rather than holding on to it." Because
you know when we hold on to the negative, when we
hold on to things that are, at times, even unpleasant,
they tend to fester; something like the pits in the volca-
noes themselves, and that isn't very healthy. So, here
we are, I ask you to think of those things and I would
like to share a little bit about our island home.

As you're probably aware, the islands of Hawai'i, in a
geological perspective, are all volcanic in origin. As we
learn of hot spots and plate tectonics, we are taught that
the island of Hawai'i today is made of five major volca-
noes. Kilauea, where you visited today, is the youngest
of the five. If I recall, the oldest section of land to date
known around or above surface of Kilauea is around
200,000 years old. Kohala, the northernmost of the five
volcanic mountains on this island, Hawai'i, is about
800,000 years old since it rose above sea level. Within
that time, an island mass of over 4090 square miles was
formed as five volcanoes rose from the ocean's floor
through 18,000 feet of ocean; when you take the weight
of these islands causing depression even on the surface
of the earth at the ocean's floor, it took 18,000 feet of
growth to reach sea level. Then, you look at Mauna Kea,
the single tallest mountain on earth from its true base;
from its place of origin, is almost 32,000 feet high. So,
in 800,000 years this island has been formed.

Maui, Moloka'i, Lana'i, and Kaho'olawe, four islands
today, are roughly 2 million years old. At one time, those
four islands were all joined together, with low isthmus'
stretching between the larger volcanic mountains. In-
terestingly, in plate tectonics we learn that the earth's
crust has shifted, and we've been taught scientifically
that where we stand today, Maui sat here also. The is-
lands originated here. Oahu, about 2 1/2 million years

old, Kaua'i, is about 3 million, Ni'ihau and the Leeward
islands extending all the way up to the archipelago, reach
to nearly 30 million years old. All of them began here at
this spot on Earth.

This story is interesting because we can find that in
the area of subduction in the Aleutian chain, that the
plate subsides, being crushed and melted back where it
came from. The islands of the Emperor chain once
started, it is believed, not far from where we are today,
also.

The reason I share this story with you is because the
Hawai'ian people look at the earth and through the isles
they traveled through generations of migrations into
Polynesia. They had a similar story. But their story tells
us in the earliest of times, Wakea, the eyeball of the sky,
the sun and the expanse of the sky itself, with his woman
companion, Haumea-nui-hanau-moku, the woman who
gives birth to the earth, who has been born time and
time again herself, had a child. Their first child in the
legendary, genealogical context was the island of Hawai'i.
While that's not geologically accurate, when you take a
look at the sense of family, what we see is that the eldest
was the largest, the strongest. And then each of the is-
lands were born down the chain to these various cre-
ative forces of nature. In the Hawai'ian context, the ge-
nealogy tells that these creative forces of nature and
the lesser spirits took their body forms as parts of the
environment itself. The winds, life at the peaks of the
mountain, the valleys, the rivers, every small fish,
shrimp, every plant, every fern, and out into the oceans.
Everything was a part or the body form of a spirit of a
god or creative forces of nature. If you've ever seen a
patch of a rainbow, the Hawai'ians call it punohu, and
in the oceans, punohu is the slate urchin. It was also
believed that everything had a partner. And if you were
in need as a human, you could call on these various
forms of nature because they were believed to be ani-
mated, alive, imbued with the power.

You see, in this genealogy, not only were the islands
born and then all the forms of nature, but the last child
to be born was Haloa, man itself. And from this ances-
tor, Haloa, the long stalk, or the long breath, all of the
Hawai'ian people came. When they looked at the envi-
ronment around them, they didn't see themselves as
being apart from it; instead they were a part of it. They
were part of a family. These islands were their elders.
Indeed, when you take a look at Hawai'ian families, we
see that the word for elder is kupuna. It can be broken
down into two words; ku means "to stand," puna is "at
the spring" or" source of water." Interestingly, that's the
word for elder, "one who stands at the spring or source
of water." But you see, the Hawai'ian word for water is
"wai," and "waiwai" is the Hawai'ian word for wealth!
So we see that even in the family, in context and rela-
tionship with the earth, Hawai'ian families knew that
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their "kupuna," their elders, stood at a source, at a
spring. They were a source of wealth. The word for fam-
ily itself, "ohana," is descriptive of the growth of taro
plants, the 'oha and the off shoots of the taro, keiki, the
offspring, the decedents come from that. They were look-
ing at the earth in their relationships to all of the plants,
all life forms were believed to be related.

Thus, when the Hawai'ian people looked at the geol-
ogy, the ocean, at the winds, storms, when they look at
the stars, hoku, they were seeing their ancestors, their
relatives. They believed that if you care for the earth,
the earth cares for you. In fact, many of our own people
somewhere back in our history believe that destructive
natural phenomena were indeed the wrath of the earth,
the deity, the creative forces of nature for our failure to
adhere to or to respect the earth, the environment
around us. So, in this context in Hawai'i, we find that
the Hawai'ian people loved also to honor the earth, to
sing songs, to chant in praise of its beauty, to ask for a
freeing of the path that we might travel even, that we
might take this journey, that we might be inspired. If I
go to gather a plant, if I go to fish or to take a handful of
seaweed from the shoreline, I should ask permission
first, because we're a part of the earth, not apart from it.
It's not ours to just take and abuse, but we must respect
it, because everything is alive, everything is a part of a
system.

I'd like to share with you this evening, particularly
since most of you went to Kilauea, one of the chants
that my kupuna, my adoptive elders, taught me. It may
give you a little bit of the sense: I hope that you may
even be touched by the spirit to see how the earth
reaches out and greets you, says aloha. The Hawai'ians
believed everything around us was a live being, that
when they chanted, as in this one example, they called
out; "Respond, woman who dwells on the mountain
peaks, mountain ridges, the mountain that is the source
of the mist. Listen, we can hear this woman, the earth
itself for whom leis, or garlands of lehua blossoms lama
blossoms have been strung. This woman tells us to look
at the earth, to see the waterfall as it leaps down the
cliff of Kawaikapu. We smell the fragrance of the ocean,
of the lipoa seaweed and we call upon all the creative
forces of nature to descend and inspire us, free us, let
our path be open that we might travel, and that we might
accomplish our tasks."

That's a rough translation of this mele (chant) that
I'd like to share at least a part of with you so that you
can hear it in a traditional context . Remember, the
Hawai'ians' entire history was handed down from mouth
to ear, generation to generation from the gut, not from
the heartall we feel in our heart is a little murmur.
But when you really feel it, it gets in your gut. So, they've
shared this from here [gesturing to his gut], this rela-
tionship that they had with the earth around them.

[Chant followed.]
Traditionally, the people called to the earth, the cre-

ative forces of nature around them. They acknowledged
their relationship to all things. I believe that while I'm
talking more specifically about Hawai'i today, you come
from perhaps as many as 30 countries. There are things
that we can take home, that we can share, to animate,
to help bring to life. I went to school on Lana'i, one of
thirty-two students in the graduating class, the only
haole (Caucasian) and I'm sure that I was one of the
kolohe, or rascals of my teachers. I had such difficulty
with many aspects of education because I couldn't see
how it related to me. As a problem student, I would en-
courage you, and I'm sure that you're here because you
are good teachers, to think of ways to inspire, to ani-
mate the lessons for your students.

Just a few weeks ago, I was privileged to take a group
of teachers and students up to Kilauea. The leader of
the group was a seventh grader when I led a group of
students along the Ko'olau mountain range of O'ahu.
What a blessing to have someone come back and say, "I
was so inspired by what you shared with us and how
you introduced the mountain to us and its life, that it
made me want to become a teacher and share the sci-
ence and share this history with students." These were
the kinds of things that we hope to be able to do, even if
we can plant one seed and watch it germinate and grow
and become something that then reaches out to pro-
vide shelter and nourishment, or history to a future
generation.

There are many things that we could talk about. What
I would like to do is to ask you to share your questions
or thoughts with me. I will try to share them back so
everyone will know what we're talking about. I think it
always works much nicer when we can interact andIalk
story with one another. Are there some questions or
thoughts about some of the things you've seen or heard
about these islands

QUESTIONS

"14/hat were the destructive or violent powers of Pele
while she was such a high deity; how did the people strike
a balance for dealing with the destruction?"

It is an interesting question. How many of you think
a volcano is just violent and destructive? In Hawai'i, the
story is very different. When I was telling you that story
about how the islands were born to the creative forces
of sky and earth, Pele was one of the daughters. Her
uncle, Lono-makua, is the god of rains. Her sister,
Namakaokaha'i, is the ocean, her brother, Kamohoali'i,
the elder brother, was the shark-formed god, that led
the canoes from Tahiti, from distant lands, to the
Hawai'ian islands. Another sister, Poli'ahu, a woman who
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wears a garment upon her breast and her body is snow.
And on down the line through all of these creative forces
of nature. The Hawai'ians didn't look at Pe le as destruc-
tive; they had fear and awe, but it was not destruction.
In fact, the word eruption to me is almost kind of vul-
gar. The Hawai'ian description of eruption might be hu
mai ka pele, (the lava rises, overflows). That's simple.
Here is a beautiful description for when you see an erup-
tion, "Ke ha'a mai la ka wahine," meaning that Pe le
the woman dances on the plains, going to the ocean.
You might ask,- "Why does she go to the ocean?" Well,
as is the case at Kilauea, at one point where you were
visiting today, one of the tales of the eruptions in antiq-
uity says that a man made a promise to her and failed to
keep that promise. As a result, Pe le went down, chased
him and consumed him; thus, the flow occurred. So
you see, there was a relationship that the people felt
with this deity! Pe le was so revered, so awe inspiring
and loved by her people that the families that were de-
scended from the clan or class of people were Kau la
Pe le, the seers, the prophets, the chanters. The descen-
dants of the Pe le line even had their "iwi" or bones
bundled and taken to Kilauea and placed there. The next
time an eruption occurred the families were benefited.
They could call their kupuna "Here am I, my ancestor,
my grandparent, your descendent, mo'opuna ." They
believed that they could call and even ask for special
consideration. There are accounts even in historic times
of lava flows (and I'm sure there are great geological
explanations for it) in which someone would put a little
flag marking the boundaries of the property. As the flow
is coming down, it opens up, goes right around, and the
land of that family is preserved and protected. The ex-
planation was "Oh the kupuna, the grandparents were
there watching and they took care of you." So,
Hawai'ians didn't look at volcanoes necessarily as de-
structive and violent forces of nature, rather as a part of
the environment to which they were related. I think
that's important. Thank you for your question.

Next was a question about the origin of offering gin
or liquor to Pele.

Prior to the arrival of Captain Cook in 1778 when he
stumbled upon this islands by mistake (in other words
I'm saying he didn't discover them), people used `awa
or something more commonly called kava, as the su-
preme offering of a drink. Then things like rum, brandy,
and gin came in. One of the more recent, prominent
native practitioners of chant and dance honoring Pele,
says one for Tutu and one for me. She happened to like
gin a whole lot, so when people leave liquor, it is a way
of leaving something personal. In fact, the `ohelo and
`ohelo kau la'au, are native members of the family, sort
of like native members of the cranberry, blueberry fam-
ily here in the islands. It was so sacred because this na-

tive plant was a body form of one of the older sisters of
Pele who couldn't assume volcanic form. When native
visitors would go up to Kilauea, they wouldn't dare travel
through the land without first picking some of the 'ohelo
and offering some to Pele. After offering it, they would
ask her, "May I please also eat some? Now we are one.
We are together." It was the way that they made a rela-
tionship of oneness with the environment and earth
around them.

Question. "The people of New Zealand and other
people of Polynesia have many interesting and cultur-
ally rich stories about their lands. Are there stories then
about how they got here, their own migrations or their
relationships?"

In part, if I paraphrase that question, it might be,
yes, there are stories. Indeed, one of them tells us for
the people of New Zealand and Hawai'i that an ancient
chief, Natoroirangi, which in Hawai'ian is Nakoloilani,
one of Pele's brothers, left Hawai'i in search of a new
home. He left Kalae, the southern point of this island
or in that vicinity. When he reached a cold barren land,
it was so cold and covered with snow that he called on
his elder sister Pele to send some of their sisters to bring
fire to those islands. And that is a Maori tradition as
well. Thus Pele was the one who helped bring active
volcanism to those islands.

Throughout Polynesia, there are storiescommon
denominators, links, ancestral ties, and relationships.
There are many accounts of traveling these vast oceans
in their small double-hulled canoes. Native seafarers
making these journeys of discovery. There are many
accounts, and the New Zealand one is a quick example.

Question paraphrased. The gentleman teaches on
Navajo lands and was interested in the similarity of sto-
ries about the dualities of sky, earth, and these rela-
tionships and how many similarities there seem to be
between the cultures. Is this sense of place, this cul-
tural attachment, to stone, to plant, to these resources,
is it just historical or does it continue today?

Obviously, it continues today, but culture, like the
environment, is dynamic, and you must remember that
after 1778, the Hawai'ian people were thrown into a revo-
lution which ended in 1893. The actual overthrow of
hereditary rulers of these islands was by a group of
American marines under the order of the American
ambassador to these islands. Much has been lost and
there are many fragments that are being filled in today.
Even one of the most prominent writers in Hawai'i in
the middle 1800s, John Papa I'i, a member of the royal
court under the Kamehamehas, was born around 1804
1805. He lived under the ancient kapu, their system of
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restriction (taboos), and he became a devout Christian.
In the 1850s he was a prolific writer, even the title of
works in Hawai'ian was "No Hunahuna Mo'olelo
Hawai'i" (Fragments of Hawai'ian History); because in
the 60-70 years or so since western contact, the
Hawai'ian population was so decimated primarily
through disease, but also as a result of the warring fac-
tions between chiefs, when Kamehameha was bringing
his kingdom of Hawai'i together.

So many things were going on that we, today, are
left with only the fragments, bits and pieces. But we
still honor that cultural attachment, that depth of rela-
tionship. It's so easy for us to say...You build a golf course
and take the natural landscape and level it. If it had a
river or a pool in it, you usually fill and then they make
new ones. Developers don't see that in the Hawai'ian
context, place names indicate that there is cultural sig-
nificance to a place. Everything is known and has a
name. These things have cultural significance, and this
is alive and well in Hawai'i. So this cultural attachment
continues, but it is also evolving and changing. We are
moving away from our roots; even the language as it's
spoken today is different than the way language was
when it became a written language. Different in how it
was written and spoken at that time. Culture is dynamic
as well, and our goal is to try and be able to retain some
of the glimpses, some of the threads that tell us what
was, so we can know where we're going.

Question about when I was introduced, there was
some mention of development and voices of the elders
reluctant to speak before development processes to
share some of the cultural attachment.

You see, the natural and cultural landscapes in many
people's culture are one and the same with their values;
you can't separate them. The reluctance in speaking is
that they do not wish confrontation. As a Hawai'ian, you
don't air your dirty laundry; you don't argue and fight
in public.

Many of the people that I work with as a part of envi-
ronmental impact, environmental assessment, special
management area, applications, various things as we're
looking at land, trying to preserve some of that sense of
place, are in their 70s and 90s. They are the last people
that had contact with their kupuna, some of their el-
ders were born in the1850s, who were then brought by
their grandparents who were born close to the time of
contact. Just the last link we have with people who ac-
tually heard firsthand, or secondhand, what it was, how
life was lived, why places and resources were important.

What I do throughout the state is work on oral his-
tory and ethnographic programs, collecting histories,
letting native people and others that have a strong sense
of identity and understanding of the history of these

lands share some of their thoughts, their history, why
the land is important to them, letting them share their
ideas in a safe environment. Why you don't dig in burial
grounds and desecrate the land; why you don't change
the water flow. Wouldn't you think it would be so obvi-
ous, particularly for you who are involved with the earth,
earth as a system (your theme here), to realize that what
you do in the rain shed, in the forest, on the mountain,
has a direct effect on what happens in your fisheries?
But, it seems some people never get the picture. They
don't realize how these relationships, the rain stops
there, the whole thing with your foraging fish, your
mullet and milk fish and things like that producing food
for the carnivorous fish. All these little things are so
intricately bound together. My goal, in talking about
this with you, it's like preaching to the saved already.
But the idea is, if we can just share the depth of this
relationship and how everything is tiedone to the
otherwe can share with people why it's in our best
interest to take care of the earth. If you take care of it,
it's going to take care of you.

Bottom line...these islands are the most isolated
group of islands on earth, separated by over 2000 thou-
sand miles. Once every ten or twenty to forty thousand
years, some lifeform managed to cross that vast moat,
the ocean, and get to these islands. And it didn't need
deep roots, poisons, thorns, aggressive growth patterns,
big fruits or flowers and all these things because there
were no mammals by the way, no humans. Suddenly
those defenses weren't necessary, if I can make it a little
personal, and humanize the issue a bit. So life got here
and in two hundred years we've had over 100 extinc-
tions in these islands. Extinction is a natural process. It
occurred here naturally perhaps once every ten thou-
sand years. Look at what we've done in amplifying that
rate. Today, Hawai'i has the highest number of extinct
species in the United States, the highest number of en-
dangered or nearly extinct species. It's really awesome
when we look at this story.

But you know, here's the thing I would send home
with you, don't forget your own doorstep. Don't forget
where you come from, culturally and where you live,
because in Hawai'i, you know what was the first thing
to verge on extinction after western contact? When these
islands were assaulted by a mass of diseases and new
resources? People! In one hundred years, nine-tenths
of the population was decimated. They had no immu-
nity to the diseases, to the things that were brought in.
So, specialization, adaptive radiationmaybe we should
look where we're going as a people, also.

I'll close on that. And I want to say, "Mahalo" thank
you very much for allowing me to share some of your
evening and this time with you. Keep the good, set the
bad aside.

Aloha
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Earth Systems Science and World
Standards for Science Education
Rodger W. Bybee, Executive Director of the Center for
Science, Mathematics, and Engineering Education at
the National Research Council, Washington, DC.

Dr. Bybee was introduced by Vic Mayer, The Ohio
State University (Emeritus).

Abstract. The goals of science education tradition-
ally have emphasized the knowledge of science. The
Earth sciences were often included within physical sci-
ence or geography, less often in life science. They were
presented without explanation of their contributions to
the understanding of the Earth system. Now that the
National Science Education Standards have been devel-
oped in the USA, Earth sciences are identified as a dis-
tinct discipline, parallel to the physical sciences and the
life sciences. The three are of equal importance to sci-
ence education. While the Standards specify outcomes
that could be identified as the traditional content of
Earth science, they spell out the importance of systems
thinking and the relationship of Earth studies to the
lives of students and society in general. Greater atten-
tion is being focused on how and why studies of Earth
processes and interactions can contribute to personal
and social perspectives about science. The latter are stan-
dards that complement the Earth systems view, and
should be recognized as such by Earth science educa-
tors. The combined standards enhance students' under-
standing of issues in using and managing Earth re-
sources and developing a sustainable future.

The challenges of achieving science literacy for all
students are grounded in the question of what indi-
viduals should know, value and do as citizens of Earth.
Earth systems science addresses this question not only
in the content of instruction but the methods of teach-

ing/learning, how learning is assessed, and what poli-
cies, programs and practice serve the goal best. Earth
system science programs developing independently
around the world can inform efforts toward global sci-
ence literacy.

In his presentation Dr. Bybee acknowledged two
people in the audience who worked on the Standards:
John Snow was on the content working group and was
influential in seeing that Earth systems is an important
theme in the National Science Education Standards in
the U. S. Rhonda Brooks worked on the teaching group,
another equally important group of contributors.

I thank the organizers for inviting me and providing
an opportunity to spend a few minutes with you talking
primarily about the National Science Education Stan-
dards developed in the United States. For me this is a
fairly rare and very important opportunity because sci-
ence literacy is a global issue. We do have to attend more
and more to the international community and learn how
to talk to one another, share ideas, and address com-
mon challenges.

Many U.S. educators in the audience [show of hands]
had input into the standards at some point in their de-
velopment. Although I am the one talking about the
standards today, the standards in fact were developed
by the community. The process was taken seriously, and
it was a long, detailed and very public process. In the
end, all of the difficulties contributed to a quality docu-
ment. You can see that part of the community literally
sitting in this room had input and responsibility for the
product.

What I will do is use the experiences with the Na-
tional Science Education Standards in the U.S. to point
out some things that might be relevant to world stan-
dards as well.This will lead to some recommendations
that one would consider in such development. I think
that this group literally, as I look through the partici-
pants list, has the right combination to begin develop-
ment of such standards. By that, I mean there are lead-
ing scientists here, there are leading science educators,
and there are leading science teachers, all of whom have
deep interest in Earth systems sciences as an approach
to education. The combination of scientists, science
educators, and science teachers was a very strong force
in our work on the standards. Imagine if the standards
were only completed by scientists: they would look very
much like what one needs to go into postdoctoral work
in the particular scientist's area. If they are only com-
pleted by science educators, there would be a heavy load-
ing of "this is a constructive model here" and "some
research needs to be done there." If the Standards were
only completed by teachers, we would likely have a num-
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ber of "how to" activities and, basically, lessons and units
for teaching.

I overstate my case, but the point is that each group
brings a certain set of perceptions and strengths to the
whole enterprise of developing standards and the busi-
ness of teaching Earth system science. I would charac-
terize my work, along with several people working at
the National Academy of Science, as trying to achieve
an appropriate balance among those three groups, and
to get as close as possible to something that was appro-
priate scientifically, was usable within the educational
arena, and especially, was important and appropriate for
students. Thus, you have the right mix of people here. I
would encourage you to think about how to work to-
gether, especially in the international front, as you may
proceed with developing world standards for Earth sys-
tem science.

Now, my plan for the time I have. I'm going to give a
very brief personal note of my entry into Earth sciences.
I'm going to talk about the National Science Education
Standards as the major thrust of the talk, and then some
implications for world standards, in particular, world
standards for Earth system science.

I'd like to give you some relevant personal history.
When I started my undergraduate work, I spent about
the first five years studying biology, and in particular,
ecology. I had to take one course in the Earth sciences,
as in those days was the distribution requirement. To
this day, I can remember all of the details of that course.
But, most importantly, what it did for me was it brought
many major ideas in science together. A key point is
that I had been studying ecology. The ideas in ecology
made me ready to think about Earth systems when I
got to the geology course. I remember being very, very
excited about "the big picture:" "wow! it rains and there's
weathering and erosion and all kinds of things that af-
fect life!" That is the kind of excitement I heard from
many of you on the conference field trip. It's the expres-
sion of the excitement and the interest expressed in
questions such as: "how did this happen?" and "what I
can I learn about it?"

As I finished college, I did my student teaching in
the Earth sciences, one of my first experiences with the
Earth Science Curriculum Project (ESCP). I continued
teaching in the Earth sciences for about five years be-
fore I went back to graduate school.

The reason I interject the personal note is to point
out that I have a very deep commitment and personal
interest in the Earth sciences and what I would now
characterize as Earth system sciences. I can remember
teaching undergraduate courses at the University of
Northern Colorado. I used the spheres approach, actu-
ally the systems approach"We are going to study the
lithosphere, the hydrosphere, and the atmosphere." I

got really excited about where those spheres interact,
because that's where the action is! I can recall the un-
dergraduates' indifference to the words. So there's an-
other whole dimension if you're trying to get people
engaged in learning. You need to do something besides
say the words Earth system science. That has carried
me forward into more and more thinking about the edu-
cational issues as opposed to strictly the content.

When we started the standards, there was no over-
whelming support for Earth sciences as a separate cat-
egory of content. A number of people, particularly in
the physical sciences, suggested that the key topics of
weather, land, oceans and space belonged in categories
in the physical sciences. The concept of biological evo-
lution and the origin of life on earth could be subsumed
in the life sciences. In the face of such challenges, we
had to make the argument that it is legitimate to have
Earth and space sciences as a category of standards. The
argument didn't go on very long, but if nobody had raised
the issue, it could well be that the Earth sciences would
be subheadings and additions to other subject matter
standards.

I am going to give a brief overview of the standards,
and you'll see that one of the things we did from the
very beginning was to identify more than content. Stan-
dards are (or ought to be) more than defining the con-
tent of instruction. This recommendation should not
be a surprise to this group. Just as you are interested in
the Earth system and understanding various compo-
nents of the system, education itself is a system. Educa-
tion includes more than defining the content. So, as we
worked on the standards, we broadened the domains to
be considered. The list below outlines the big picture of
the standards. In addition to the content, we also have
standards for teaching, assessment, school programs,
educational systems, and very importantly, for profes-
sional development.

National Science Education Standards Include:

Teaching Standards

Professional Development Standards

Assessment Standards

Science Content Standards

Science Education Program Standards

Science Education System Standards

As we consider how implementation of standards
might progress in the educational system, think about
what happens from kindergarten through grade 12. For
example, the list of presentation titles at this meeting
indicates there is a tendency to think horizontally across
a discipline, whatever your grade level happens to be.
We tend to think of what has to happen at 8th grade
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from the beginning to the end of the year. If you're de-
signing a program,or instructional materials, there's a
tendency to think horizontally over a year's curriculum.

One of the things the Program standards encourage
all of us to do is think vertically as well. If you take the
content of Earth systems science and think from kin-
dergarten through grade 12, you have opportunities over
thirteen years in the U.S., and generally the same in
most other countries. How does one think about earth
systems science across the spectrum of school years and
experiences? What do you do to enhance the opportu-
nities students have to learn vertically in the educational
system? For example, you can take inquiry, or any of
the various unifying themes within the school's science
program, and develop it at any level. That's basically what
the Program standards are about.

At this point someone usually says, "Don't you know
that if you are going to do anything at all about chang-
ing the curriculum, my administrator (or the school
board or the public) is going to have to support teach-
ers?" There's a set of people and groups and components
of the educational system that have a lot to say about
earth science teaching, but they don't come to class-
rooms! They have budgets, they set graduation require-
ments, and they set license requirements for certifica-
tion of earth science teachers. They are components of
the system that are very important and we thought it
was prudent to put some standards in that at least ac-
knowledge the need to coordinate the other components
in support of the changes implied by the Standards.

Science Education Program Standards focus on six
areas

o The consistency of the science program with the
other standards and across grade levels ,

O The inclusion of all content standards in a variety of
curricula that are developmentally appropriate, in-
teresting, relevant to student's lives, organized
around inquiry, and connected with other school
subjects

o The coordination of the science program with math-
ematics education

O The provision of appropriate and sufficient resources
to all students

O The provision of equitable opportunities for all stu-
dents to learn the standards

O The development of communities that encourage
support and sustain teachers
Next we consider the Professional Development stan-

dards. The greatest single resource we have in our edu-
cational system right now is the classroom teacher. We
need to attend to that resource and not overuse it; make
sure that we can replenish and keep that resource func-

tioning effectively and efficiently. That's to say, attend
to the professional development of school personnel.
It's easy to focus on curriculum materials and assess-
ment and so on, but all of us know that curriculum is a
means and teachers provide the final structure for what
happens in the classroom. Therefore, what teachers
know about Earth system science and how they are able
to teach become essential. Professional Development
standards address these issues.

Professional Development Standards focus on four
areas:

O The learning of science content through inquiry

O The integration of knowledge about science with
knowledge about learning, pedagogy, and students

O The development of the understanding and ability
for lifelong learning

O The coherence and integration of professional de-
velopment programs

As I make the transition to the content standards, I
note a theme of minethe Sisyphean question. In my-
thology, Sisyphus rolled the rock up the hill, but the
rock kept tumbling back down. We have to keep rolling
the rock up the hill, the educational hill in this case, by
asking, "what should the scientifically literate person
know, understand, and be able to do after thirteen years
of school science?" The answer is they ought to know
something about earth systems science. How does that
happen? What does the content of school programs look
like? For us, we developed a series of unifying concepts
and processes, some very big ideasequilibrium, evo-
lution, models, explanation, and so on. We're dealing
with science as inquiry: physical life, Earth and space
science, science and technology, personal and social
perspectives, and the history and nature of science.

Looking back in educational history (at least in the
United States and perhaps many other countries), to
actually have Earth and space science as a standard, as
a standard in and of itself is an important statement in
the history of science education. Usually Earth system
science has been embedded somewhere else, if at all.

What you state as a Standard becomes very impor-
tant. For example, we even had Earth scientists suggest
that we embed "science in personal and social perspec-
tives," or the "history and nature of science," in Earth
systems or life science! It makes a difference whether
you have these as a separate standard, or you say a par-
ticular, such as earth systems or history, is part of a
standard. If life sciences and physical sciences are listed,
why not just put another point in those to say "history"
or "science in personal and social perspectives? It makes
a difference because there is a limit, or at least a point
of diminishing returns, to how much you can put into a
standard. Up to a certain amount, people will attend to
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and get very serious about the standard when they imple-
ment it in actual teaching or the design of instruction
materials. More than that will be ignored or just assumed
to be learned. We make time for something that is a
discreet standard.

As we formulated the standards, we were very sensi-
tive to students' developmental levels. For example,
fewer, more concrete concepts at the lower level. For
Earth/space science, younger students basically encoun-
ter properties of Earth materials and objects in the sky.
It is as simple as interacting with a small child: what do
you see and what can you talk about if you look down at
the ground? If you look up at the sky? What can you see
and what can you talk about? How do you describe what's
going on? Begin Earth systems education where young
people are, with the basics and the human perspective.

As children mature, we can proceed to the structure
of the Earth system, Earth's history, and the Earth in
the solar system. So we progress to major conceptual
organizers in grades 9 through 12energy in Earth sys-
tems, geochemical cycles, evolution of the Earth sys-
tem, the origin and evolution of the universe.

I should make a point relevant to world standards.
In the National Science Education Standards, science
content is described in grade level sets, K-4, 5-8, 9-12.
We were careful not to define what should be in an 8th
grade Earth science course. We avoided indicating an
amount of time that should be devoted to the particular
subjects. Certainly, we all had ideas about these issues.
There ought to be Earth system science courses, the
standards say, but in the United States, states have the
power to decide when and how those courses should be
presented. The sure demise of national standards would
have been to say "there ought to be an 8th grade Earth
science course and this is how you ought to teach it."
The states would have rejected what appeared to be a
national curriculum. Instead, the standards describe the
content, but as the content is transformed into instruc-
tional materials, state frameworks, and assessment strat-
egies there are many different and acceptable forms of
implementation. The Standards also do not say how to
structure the content within the curriculum. Variety is
possible because of their openness. There is a parallel if
you're thinking about world standards. That is, it would
be best to define content for general ages/grades and

leave specific curricular decisions to those who use the
standards.

I would encourage you to think about how to em-
phasize Earth systems science in the early years. Most
of the precollege presentations at this conference have
to do with middle school and high school. The elemen-
tary school is a very important area, and one ought to
think about seeking opportunities to enter into the el-
ementary system. Likewise, at the high school: what are
the opportunities there? At least, in the United States,
where most Earth science courses are at 8th grade or
9th grade, we should ask, "How could I design the Earth
Systems program so it is a complement to other science
courses?" Or if a state or district is thinking about an
integrated program, "wouldn't the Earth system ap-
proach be ideal for that?"

Now I want to point out something from the Earth
systems perspective that is the ideal opportunity for this
community. Few of the physical scientists and not all
biologists are looking at the "science in personal and
social perspectives" standard and seeing implementa-
tion opportunities. Yet populations, resources, environ-
ments, natural hazards, risks and benefits, and science
and technology in society are excellent topics to incor-
porate Earth systems concepts. What we tried to do is
consciously identify the major scientific and social cat-
egories that bridge sciences and society. These are ar-
eas of concern that will be with us for generations. By

stating the standards in broad terms, we open the op-
tion for instructional materials developers to align with
standards. For instance, every adolescent is engaged if
the subject is some kind of catastrophe. To do a unit on
natural hazards would be exciting and fun for teachers
and certainly engaging for students. A program in the
United States called "events-based science" has tried
to capitalize on this opportunity for teaching and learn-
ing science.

Each of the major categories in the Earth science
standards expands to offer more depth. However, most
readers of the document call everything in the docu-
ment a standard, regardless of its general or specific
nature. Note that the stem of the standard is very care-
fully crafted. For example:

"As a result of their activities in grades 5 through 8,
all students should develop an understanding of..."

Science Content Standards for Earth and Space Science

Grades K-4

Properties of earth materials

Objects in the sky

Changes in earth and sky

Grades 5-8

Structure of the earth's system

Earth's history
Earth in the solar system

Grades 9-12
Energy in the earth system
Geochemical cycles
Origin and evolution of the earth system

Origin and evolution of the universe
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The standard could have said "scientists indicate that
we should know about structure of the Earth system."
What we did was intentionally word that standard as a
result of their activities. Who is the referent? The stu-
dents, the children, of course. So we're saying their ac-
tivities. Again, underscoring the set of grades, not a par-
ticular grade level. All students should develop an un-
derstanding of... all students. That is an explicit state-
ment of equity built into each standard. We state the
standard as a goal and then pay particular attention to
those under-represented groups, those who have spe-
cial needs in the educational system, to help them
achieve the goal.

The conceptual organizers are the ones that most
people read first. There is a statement following the con-
ceptual organizers called "developing student under-
standing." This section suggests what it may take to
develop students' understanding. We included some of
the kinds of misconceptions that students might have,
and hinted at some instructional strategies.

Early criticisms of the standards indicated that the
conceptual organizers were too broad"structure of the
earth's system" did not, for example, give teachers clear
indicators of what to teach. In subsequent iterations we
developed what we termed fundamental concepts and
principles that underlie the standards, as a way of say-
ing what we meant by structure of the earth system. We
appealed to the scientists to provide the five or six ma-
'or ideas that are fundamental to that conceptual orga-
nizer. The number was limited on purpose, requiring

the scientific community to have serious discussions
and debates about what is it that should be listed under
there. These are the things one ought to be teaching.

I want to point out inquiry, a longstanding theme
that I would encourage your consideration of as you
might move forward for world standards.

Inquiry processes include: identify questions, design
and conduct investigations, use appropriate tools and
techniques, develop descriptions, think critically and
logically to make the relationship between evidence and
explanation. We must challenge students to support
their explanations with evidence. What would count as
evidence to support their particular idea? Recognizing
evidence, analyzing it, examining alternative explana-
tions and predictions. In the standards we tried to shift
the emphasis from what we've talked about as "the pro-
cesses of science," which primarily consisted of experi-
mental methods, to the processes of critical thinking,
reasoning, and logical argument. Of course, such cog-
nitive abilities use processes of science (e.g. observa-
tion, inference, and formulation of hypotheses). Earth
system scientists inquire using historical and observa-
tional data as well as experimental data. This confer-
ence used inquiry as an excellent component of the field
trip to the Hawai'i Volcanoes National Park.

Let me conclude with some comments about the
educational system. As you move forward in thinking
about world standards, recognize that Earth systems
science could indeed be a central organizing idea for an

Science content standards for "Science as Inquiry"
As a result of activities in the grades listed, all students should develop abilities necessary to:

Grades K-4
ask a question about objects, or-
ganisms, and events in the envi-
ronment

plan and conduct a simple inves-
tigation

employ simple equipment and
tools to gather data and extend
the senses

use data to construct a reason-
able explanation

communicate investigations and
explanations

Grades 5-8
identify questions that can be
answered through scientific in-
vestigations

design and conduct a scientific
investigation

use appropriate tools and tech-
niques to gather, analyze, and in-
terpret data

develop descriptions, explana-
tions, predictions, and models
using evidence

think critically and logically to
make the relationships between
evidence and explanations

Grades 9-12
identify questions and concepts
that guide scientific investiga-
tions

design and conduct scientific in-
vestigations

use technology and mathematics
to improve investigations and
communications

formulate and revise scientific
explanations and models using
logic and evidence

recognize and analyze alternative
explanations and models

communicate and defend a sci-
entific argument
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integrated approach to school science. There is no ques-
tion about that. One would have to think very clearly
about different standards such as content, the curricu-
lum and the school science program. Recognize from
the beginning there are some critical parts to the edu-
cational system and some of those components are not
going away. There will be administrators, there will be
state departments of education, there will be course syl-
labi, there will be national tests, et cetera, et cetera. If
you were interested in carrying Earth systems science
forward, keep these points in mind:

1) Find and use critical leverage points. College ad-
missions might be good place to look; state assessments,
curriculum developers, requirements for graduation
from high school.

2) There are boundaries. There are people who do
not allow the flow of information and resources across
the boundaries within the educational system. In terms
of the world standards, what is it that won't impede and
may facilitate border crossings? What is it that will al-
low flow of information and ideas across the different
boundaries internationally? What is it that will stop at a
border?

3) Flow of resources and information. What do we
need to do and think differently about the flow of re-
sources. What do different people need? The National
Governor's Association and its National Goals Panel
(U.S.) meet tomorrow. They want to know what policies
they should set in their states. What should they be do-
ing now? Envision and prepare for those discussions,
remembering the need for different kinds of resources
for different groups.

4) Feedback is critical. A major idea in systems think-
ing is the role of feedback in the system, especially hu-
man systems. What is it that provides the balancing or
the negative feedback in the system? What is it that's
reinforcing or positive feedback? Once standards are in
place, they serve the function of providing feedback if
people are attending to and are committed to them.
Standards serve to reset the thermostat, so to speak.

5) Identify the energy sources. Just as surely as en-
ergy is important in the earth systems standards, keep
your eye on the energy if you want to know what's go-
ing on. In the educational system, power is the parallel,
and in many cases, it's political power. Anticipate where
that power is and how to work with it. Understand it,
and not only accommodate it, but sometimes use it if
you want to achieve the very important mission that I
think you're all about.

Should you move into world standards, the National
Research Council is interested. We will contribute to
the distributed leadership that can help carry your ef-
forts forward to the next century. An earth systems ap-

proach is critical to citizens understanding their planet.
I encourage your efforts and wish you the best.

Thank you very much.
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The Significance of Earth Systems
Science (Education) in the Curricula of
Japan and other Asian Countries
Yoshisuke Kumano Ph.D., College of Education,
Shizuoka University 836, Shizuoka-Shi, Shizuoka, 422
Japan

Dr. Kumano was introduced by William Hoyt, Uni-
versity of Northern Colorado.

Abstract. Human activities are seriously impact-
ing the functioning of the Earth system. Our use of
water, minerals, land and other natural resources has
increased more than ten times during the past two
decades, and future increases in population and eco-
nomic growth could create critical conditions for the
existence of humans.

It is surprising that we are entering the age of refor-
mation or innovation of science education in the world.
Many advanced countries have been in the process of
major reform of science education nationally or locally.
Likewise Asian countries: Korea, China, Indonesia, Thai-
land, Philippine, Japan, and many others are rapidly
reforming education. In the case of Japan, now is the
period for developing a framework for major reform of
education in the context of life long education. The ref-
ormation of science education will follow this new
framework.

Earth Systems Education (ESE) is one of the major
science education reform movements. It has been de-
veloped by the researchers, teachers and organizations
with connections to the Earth system. Development has
occurred through projects funded by the National Sci-
ence Foundation, and other sources. ESE has been in-
troduced to Japan by two groups: Dr. Hiroshi Shimono
and others (1994, 1996), and Mr. Nakano and Dr. Osumi
(1993, 1996). Also, importantly Dr. Victor J. Mayer
worked in Japan for about a year and has visited Korea
frequently. He energetically disseminated Earth Systems
Education to both countries.

In my presentation, I will start with a focus on the
recent situation, including the present problems in sec-
ondary earth science education in the U.S. and Japan.
Through this analysis, I will contrast the similarities
and differences in these countries. I will then reexam-
ine Earth Systems Education for the Japanese context.
Thirdly I will focus on the significance or possible sig-
nificance of Earth Systems Education through some
pilot research I have conducted.

The speaker, Yoshisuke Kumano, with Rajasekhariah
Shankar of India and Chan-jong Kim of Korea.Shankar and
Kim contributed perspectives from their countries.

1. PRESENT SITUATION, PROBLEMS OF SECONDARY EARTH
SCIENCE IN THE U.S.

1-1. Introduction
In Japan, high school physics and earth science are

endangered subjects. Fewer and fewer students tend to
choose physics or earth science for their entrance ex-
amination every year reducing the demand for this high
school course. The main reasons that earth science is
not being selected are (1) we don't have a compulsory
earth science course any more; (2) almost no private
universities or colleges offer earth science as one of the
subjects for the entrance examination; (3) competitive-
ness of governmental universities has decreased; (4) stu-
dents choose those science courses that will help them
on the specific entrance examination for their desired
university; (5) private examination companies have
gained too much influence in shaping students evalua-
tion for entrance examination. Are there any solutions
for these problems in earth science education in Japan?

In the U.S., serious problems in secondary earth sci-
ence education are shared with the problems of earth
science education in general, including college and
university education and informal education. At the
same time, there are many programs and projects that
support improvements in earth science education. It is
worthwhile to examine the present status and problems
of secondary earth science education in the U.S. Also, it
is important to review the history of secondary earth
science education in the U.S briefly. Furthermore, ex-
amination of new projects and programs in secondary
earth science education could be the help needed to find
a resolution of the problems ofJapanese secondary earth
science education. Finally it is necessary to have a dis-
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cussion about secondary earth science education with
American researchers and teachers of earth science edu-
cation. In the first part of this paper we focus on the
present status and problems of secondary earth educa-
tion and its related areas.

1-2. Recent Status and Problems of Secondary Earth
Science Education in the U.S.

Before we start our analysis, it is important to re-
view relevant general educational statistics of U.S.
schools. According to Estimates of School Statistics
(1988-89), the highest fall enrollment in public elemen-
tary schools from 1978 to 1989 was 25,506,170 (1988-
1989) and the lowest enrollment in the same popula-
tion was 23,726,904 (1983-84). From the fall enroll-
ment of 1983-84, the number of students began to in-
crease. On the other hand, the fall enrollment in public
secondary school constantly decreased from 1978 to
1989, however we can expect increases to begin in 1990
as reflected in the elementary school trends.

The enrollment of elementary and secondary level
students from 1899 to 1979 is summarized in the Di-
gest of Education Statistics, 1981 (Grant and Eiden,
1989).

Table 1. The Enrollment of Elementary and Secondary
Level from 1899 to 1979

1899-1900 16961249

1909-10 19643933

1919-20 23463898

1929-30 28551640

1939-40 28257000

1949-50 28660250

1959-60 42012076

FALL 1969 51429691

FALL 1979 46920665

From Digest of Education Statistics, 1981, p. 8

From Table 1, we find that enrollment of elemen-
tary and secondary students generally increased until
the period between 1959 and 1960 when a rapid increase
occurred through fall 1969, then a slow decrease began
and continued until 1984. Average grade enrollment of
all elementary school and high school can be roughly
approximated as follows:

Table 2. Grade Enrollment of Elementary and Second-
ary Level from 1899 to 1982

Year Elem High

1899-1900 2004556 174850

1909-10 2272793 278849

1919-20 2556596 625044

1929-30 2869172 1202950

1939-40 2558264 1782494

1949-50 2628991 1613252

1959-60 3764846 2399952

FALL 1969 4273772 3604575

FALL 1979 3590651 3825308

1981-1982 3533333 212000

Source: Welch et al. (1984)

1-3. Recent Enrollment in Earth Science

The following are the relevant data concerning sci-
ence education enrollment taken from Report of the
1985-86 National Survey of Science (Table 3).

Table 3. High Schools Offerings of Selected Science
Courses

Biology, First Year 99%

Biology, Second Year 53%

Chemistry. First Year 91%

Chemistry, Second Year 28%

Physics, First Year 81%

Physics, Second Year 11%

Astronomy 8%

Ecology, Environment Science .... 15%

From: Weiss, I.R., 1987.

Weiss reported that although 52 percent of schools
offer a course in earth science, earth science constitutes
only 3 percent of all classes offered for all grades 10 to
12 (Weiss, 1987). This means that although the bare
majority of schools offer an Earth Science course, very
few sections of the course are taken within each school
as compared to other science courses.

Between 7th grade and 9th grade, 70 percent (23/
33.3) of all junior high school students in the U.S. elected
a course of earth science and 9 percent (3/33.3) of all
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high school students in the U.S. elected earth science
(Table 4 and 5) .

Table 4. Content of Secondary Science Classes by Grade
Range

Courses

Percent
Classes
7th-9th
Grades

Percent
Classes

10th-12th
Grades

General Science 21% 1%

Biology, Life Science, Env. Science 31% 53%

Chemistry, Physics, Physical Science .20% 42%

Earth/Space Sciences 24% 3%

Other 4% 1%

Sample Size n=658 n=1050

From: Weiss, I.R., 1987, Report of the 1985-86 National Sur-
vey of Science, p. 26

Table 5. Most Commonly Offered Science Courses

Interesting statistics are given in Welch et al., (1984).
Although there was a decrease in enrollment in science
courses for grade 7-9 from 1977-1982, the percentage
of those students enrolled in earth science courses in-
creased from 13.9 to 14.4 (Table 6). In general, a de-
crease in general science and an increase in the life sci-
ences enrollment were documented for that time pe-
riod and age group.

In the same manner as shown in Table 6, changes in
science enrollment, grade 10-12 (1977-1982) are ana-
lyzed by Welch et al. (1984). Proportionate to changes
in total science enrollment, earth science enrollments
increased (Table 7). While the enrollment of all earth
sciences decreased from 256 thousand students to 242
thousand students, ratio to the total enrollment in all
sciences increased about 0.8. This is because the total
school enrollment decreased by 2.24 million from 1976-
1977 to 1981-1982. It is possible to say from Table 7
that there are proportionally more students who want
to study in the earth sciences. These data reflect only a

Courses Grades 7-9 Percent Classes Courses Grades 10-12 Percent Classes

General Science 20 Biology, 1st year 35

Physical Science 18 Biology, 2nd year 7

Biology 8 Other courses 24

Other Courses 6

From: Weiss, I.R., 1987, Report of the 1985-86 National Survey of Science, p 25

Table 6. Changes in Science Enrollment, Grades 7-9 (1977-1982)

I COURSE

1976-1977 1981-1982 CHANGE

N RATIO RATIO RATIO

General Science 3655 29.5 2707 26.7 -948 2.8

Life Science 1902 15.4 1939 19.1 37 3.7

Earth Science 1721 13.9 1459 144 -262 0.5

Physical Science 1955 15.8 1493 14.7 -462 -1.1

Biology 724 5.8 533 5.3 -191 -0.5

Integrated Science 265 2.1 246 -19 -19 0.3

Environmental Science .... 114 0.9 115 1.1 1 0.2

Other 367 3 208 2 -159 -1

From: Welch, et. al., 1984.
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single year of enrollment. We have to be careful of think-
ing that "Only 56 percent of students in grades 10 to 12
are enrolled in science" means that 44 percent of all
the U.S. students have no science background at high
school. We need a three-year analysis for the purpose of
understanding nationwide enrollments. Otherwise we
may misunderstand total student enrollment in science
in both junior high school and high school to be nearly
half of what it actually is. But most school districts re-
quire one or two years of science credits for graduation
from high school and two or three years of science in
junior high school. A concern is that too much empha-
sis is placed on biological science and chemical science,
which in turn leads to problems in college enrollment
in science. This can be the cause why we have so many

biology majors in college or university and why we have
so many biology teachers for junior high school and
high school. We need certain balance among the sci-
ence course enrollments in the high school.

1-4. Teachers Present Situation Concerning Earth
Science in the U.S.

College and university earth science related courses
are the weakest area as a discipline background for the
junior high school science teachers. Biology is the most
common field of specialty in science for junior high
school science teachers (Table 8).

Table 7. Changes in Science Enrollment, Grades 10-12 (1977-1982)

1976-1977 1981-1982 CHANGE

COURSE RATIO RATIO RATIO

Earth Science 167 4.4 118 3.7 -49 -0.7

Astronomy 23 0.6 26 0.8 3 0.2

Oceanography 24 0.6 40 1.2 15 0.6

Physical Science 42 1.1 58 1.8 16 0.7

Total 256 6.7 242 7.5 -49 -0.7

Source: Welch et.al. (1984)

Table 8. Junior High Science Teacher Preparation

Courses in Teaching Earth Science
Discipline Life Science Teachers Teachers

Physical Science
Teachers

0 0% 22% 2%

1% 16% 3%

2 9% 14% 5%

3 3% 16% 5%

4 11% 14% 8%

5 9% 11% 14%

6 5% 6% 9%

7 5% 2% 5%

8+ 56% 19% 47%

Unknown 1% 3% 2%

Source: Weiss, I.R. (1987)

3 3
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More detailed research about the academic prepara-
tion of science teachers was done about Idaho state
teachers (Heikkinen, 1988). The average total credits of
earth science courses at the college or university taken
by Idaho earth science teachers at the time was 11.3.
Only 17 percent of all Idaho earth science teachers had
an endorsement for earth science teaching while 76
percent had general science endorsement, and 54 per-
centage did not have a methods course in science edu-
cation. These numbers from Idaho state shows that
Idaho state had the similar characteristics as federal sta-
tistics which were developed by Weiss (1987).

Estimated supplies of secondary biology, chemistry,
physics, general science, and mathematics teachers by
state from 1980 to 1982 were summarized (Gerlovich
and Howe, 1983). Each state and each discipline was
rated as: 1=surplus, 2=slight surplus, 3=adequate,
4=shortage, 5=critical shortage. The highest mean
shortage across all states for three years was among
physics teachers (4.45), second highest shortage was
found in Chemistry teachers (4.16) and earth science
teachers (3.82). The supply of biology teachers was ad-
equate to slight surplus. From 1980 to 1982, more sci-
ence teachers were needed. It is possible then to infer
that most new earth science teachers do not have
enough earth science background. In other words earth
science majors do not choose teaching jobs.

Furthermore, the problem of shortage of science
teachers is not simple since we don't have enough stu-
dents who will remain as science teachers. About fifty
percent of new science teachers can easily find better
paying jobs within five or six years of graduation from
college. Hounshell and Griffin (1989), from question-
naire and interview research, summarize many reasons
why we have such a critical shortage in science educa-
tion. Some major reasons are: (1) The salary is too low
and within 15 years the amount of salary doesn't in-
crease at all; (2) Social status is quite low; (3) Identity
as a professional work is lacking among the teachers
and communication among teachers and administra-
tors is uneasy; (4) work setting is poor; (5) high quality
teachers and low motivated teachers work together.

Table 9. U.S. Enrollment in Earth Sciences 1978-1988

1-5. Changes of Enrollment of Earth Science Majors
and their Job Orientation

It is worthwhile to identify the changes in enroll-
ment of earth science majors and their job orientation
in attempting to solve problems in secondary earth sci-
ence education. The American Geological Institute con-
ducted a "Geoscience Student Survey" in 1989. Data for
undergraduate students shows that up to 1983 there
was increasing enrollment in earth sciences followed
by a dramatic decrease starting in 1986 (Table 9). On
the other hand, graduate enrollment remained steady.

According to the Geotimes (February 1989), sudden
enrollment drop of undergraduate earth science majors
starting in 1986 was caused by the depression of de-
mand for petroleum engineers where roughly 30 per-
cent of graduates had been employed. Moreover, because
of the great decrease of undergraduate enrollment, AGI
predicted that few of the geoscience faculty expected to
retire in the next five years would be replaced (Claudy,
N., and Kauffman, M.E., 1988). This situation causes
rather serious problems for secondary earth science edu-
cation in the U.S.

2. PRESENT PROBLEM OF EARTH SCIENCE EDUCATION
IN JAPAN

2-1. Introduction

In 1872 the Japanese school system was established
by the Ministry of Education. People who studied abroad
immediately following the Meiji Restoration did this.
Science methodologies and practices were imported
from Germany, England, France, and the U.S. and many
foreign scholars were invited to work in Japan. These
experiences led many to believe that everything brought
in from foreign countries was valuable. Nobody recog-
nized that Japan was becoming a world leader in sci-
ence. The Japanese people continued to study and work
to gain prominence, often sacrificing their leisure time.

The Fundamental Law of Education and School Law
of 1947 were promulgated under the influence of the
U.S. and the 6-3-3-4 organizational system for school
was started. Again, Japanese society had to start from

ENROLLMENTS 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

UNDERG RAD 25399 28674 30495 31987 34343 36893 29722 31149 20584 15179 14898

GRADUATE 8843 9112 9881 10180 10108 10408 9695 11381 10917 9650 9111
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the beginning following the end of the Pacific War. As
during the Meiji era, by a conglomeration of factors nec-
essary to overcome the devastation of war, people did
their best for the good of a greater society. These un-
usual efforts as a nation made the miracle of the cur-
rent Japanese economic development possible. This is
because citizens believe that they needed, and there-
fore developed, a sophisticated centralized education
system. However, times change. Japanese society is be-
ing projected into an era where people feel they have
little experience to guide them.

Japan has many environmental problems which citi-
zens believe are the result of the development of sci-
ence and technology. In Japan, the National Course of
Study (National Curriculum Standards) is reformed
every 8-10 years. The last reform was in 1981 for el-
ementary school and in 1982 for upper secondary
schools. Educators and citizens not associated with sci-
ence believed that too much emphasis had been placed
on science education. As a result the Ministry of Educa-
tion felt pressured to amend the National Course of
Study and in April 1989 a new National Course of study
was agreed upon which de-emphasized science and
placed more emphasis on social issues focusing on in-
dividualization, internationalization, and information
literacy. Mr. Nakayama (1988) says that this reform is a
type of science-technology-society theme in a Japanese
context.

Although this reformation has started, Japanese edu-
cation does not change easily because of intensive com-
petition on the National Entrance Examination for col-
leges and universities. These examinations are forcing
teachers to cover the entire contents of the textbook to
help students understand the basic concepts of science.
The science teachers continue to follow the 1960's cur-

riculum of the U.S. because the pre-service education
at our colleges and universities has not changed sig-
nificantly over the past 25 years. Furthermore, all our
curricula (not only science but other subjects as well)
focus on a specific 'Scope and Sequence' where curricula
are developed in a spiral structure. This means that the
same concepts are presented in several different grades.
It appears that Japanese science education is ignoring a
new philosophy of science and learning psychology and
a new sociology of science. Reflecting all of the prob-
lems in science education in the Japanese society, it is
predicted that "A Crisis of Science Education in Japan"
will happen within the next ten years. To prepare for
the days ahead, a new research program including with
the current form of the U.S.'s ESE and STS approaches
must be established. As Dr. Grayson (1984b) stated: "For
the first time, Japan is in the position of having to ad-
vance the state of knowledge, do advanced research, and
create its own technologies. Japan must develop a cre-
ative, more knowledge-intensive industrial structure."

2.2. General Information about Earth Science Educa-
tion in Japan

It is of concern that earth science and physics are
the endangered subjects among science courses in high
schools in Japan. This is a rather shocking idea for the
people who are teaching earth sciences in the schools.
Table 10 shows that the amount of science for the el-
ementary school decreased after 1977. Also Table 11
shows that a similar situation is happening in the jun-
ior high school. Table 12 shows the enrollment percent-
age of science courses from 1970 to 1994. Only 7.4 per-
cent of the students of all high schools in Japan are now
taking "earth science."

Table 10: Changes of Percentage of Science Classes in Elementary School

1947 1958

Science Classes 94.7 100*

All Classes 97.9 100

Science/All 10.8 11 2

1968 1977 1989

100

100

11.2

*100% of Science Classes means four classes a week. (Karaki, 1996)

88 8 66.8

93.8 93.8

10.6 8

Table 11: Changes of Percentage of Science Classes in Junior High.School

1947 1958

Science Classes 100* 100

All Classes 96 96

Science/All 13.3 13.3

1968 1977 1989

100 83.3 75

100 86.4 864
12.8 12 3 10.7

*100% of Science Classes means four classes a week. (Karaki, 1996)
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According to statistics in Table 12, the enrollment
percentage in earth science is getting smaller and
smaller. According to the statistics developed by the
National Institute for Educational Research of Japan
(NIERJ, 1990) , seventy percent of students in all col-
leges and universities in the Kanto area (Tokyo vicinity)
did not take earth science in high school. This means
that the Kanto area had more students (30 percent) who
took earth science in high school compared to other
areas in Japan. Biology was the favorite science subject
for the non-science course students followed closely by
earth science. For science course students, earth sci-
ence was the least science subject selected.

2-3. Problems of Earth Science Education at College
Level

This situation is probably worse than that in the U.S.
in that we don't have enough earth science specialists
in the university. For example, we have three members
in earth science (out of eighteen science faculty mem-
bers) in the College of Education, Shizuoka University.
Especially the private colleges or universities have few
courses in earth science. So most of the time, a profes-
sor is invited from governmental universities. All this
means that number of graduates whose major is earth
science is the smallest among the four areas of science.
In the same way, the number of science teachers in jun-
ior high school or high school whose major is earth
science is the smallest among four.

2-4. Problems of Science Teachers

Most science education teachers in the junior high
school do not have enough background in earth sci-
ence. So they are uneasy teaching earth science and
conducting earth science field trips in spite of high rec-
ommendations for field activities contained in the Na-

tional Curriculum Standards developed by the Ministry
of Education. Earth science field activities are rather
difficult to conduct at junior high school because the
numbers of science classes are getting smaller. Also there
have been safety concerns among teachers and admin-
istrators. Sometimes a principal will not allow teachers
to conduct earth science field activities.

2-5. Problems of Entrance Examination

If you have a student who would like to study in
the field of earth science, the high school science
teacher might advise that she or he take Biology, Chem-
istry or Physics first. Should the student become a sci-
ence course student, these courses would provide bet-
ter background for success on more college or univer-
sity entrance examinations. This means that this stu-
dent might change his major from earth science to
other science major simply because an earth science
examination is offered within a smaller number of col-
leges or universities.

3. REFORMATION & INNOVATION OF EDUCATION IN JAPAN

In July 1996, the Ministry of Education announced
the First Report on Guidelines for the 21st Century
Education in Japan. In this report, the status and prob-
lems of youth are identified. The number of children
within a family has been decreasing year by year. More
and more families prefer not to live together with grand-
parents. The percentage of old people is increasing ev-
ery year. A mother puts more energy into helping her
children in terms of homework or extra study. Children
are so busy that they don't have enough time to spend
sharing housework with the family. Moreover, our
economy has been uneasy and productivity or creativ-
ity of our nation is decreasing slowly. By the year 2003,

Table 12: Changes of Percentage of Enrollment in Science Classes in High School

Physics Chemishy Biology Earth Science

1970 93.8 100 82.6 61.1

1975 82 100 81.2 40.2

1980 77.2 95 80.7 35.1

1985 33.6 55.6 46.3 11.1

1990 34.3 59.5 54 11.2

1994 13.3 55.8 43.5 7.4

(Karaki, 1996)
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the school week will be reduced to 5 days. What we need
in our society is major innovation or reformation of
education. The First Report describes the important
philosophical shift in this innovation is to the develop-
ment of community of learners. If you become a life-
long learner, every thing around you will change in
terms of academic competitiveness. Indeed the key is-
sue in this innovation will be how many people can move
toward being a life-long learner. Stable and systematic
approaches are needed in every function of our society.
The reference of the detailed program for educational
reform can be found on the Internet at: (http:II
www.monbu.gajp/seriesen/000o0003/).

4. REFORMATION OF SCIENCE EDUCATION; EMERGING IN-
NOVATIVE PROGRAM; EARTH SYSTEMS EDUCATION, STS
AND NATIONAL SCIENCE EDUCATION STANDARDS

4-1. Introduction

Most American scholars cannot readily see the seri-
ous problems of Japanese education and they identify
the Japanese educational system as one the U.S. should
model. But is that really true? Antonoplos (1986) men-
tions that some of the research on education in Japan
has been of dubious quality and that considerable risk
in making or adopting generalizable statements from
the literature should be recognized. Grayson (1984b)
concludes that the Japanese approach may not continue
as a fully successful strategy for the future, and the Japa-
nese will be required to develop their own technolo-
gies. Continued economic growth may demand signifi-
cant changes in Japan's present strategies for techno-
logical development and, in turn, in its educational sys-
tem. Grayson's ideas are so reasonable about our sci-
ence and technology education that the Japanese gov-
ernment needs to consider his points more fully.

With reform of the Japanese National Curriculum
Standards and its National Course of Study (1989),
Jacobson & Takemura, et al. (1987), Nakayama (1988),
and Takemura (1990) explained that the reform of Na-
tional Course of Study of 1989 was done with the es-
sence of Science, Technology and Society (STS); an
approach to science curriculum popularized in Great
Britain and the United States. The direction of the re-
form may be correct, however essential analysis of new
philosophy of science and science education, a new so-
ciology of science, and recently popularized learning
theories or psychological approaches and appropriate
instructional strategies are needed for the reformation.
We need more science, technology, environmental con-
siderations and cooperation with other subjects and
to look seriously at other approaches to science cur-

riculum philosophy and development, such as the
Earth Systems Education approach. This new concern
resulted from data that revealed that 94 percent of Japa-
nese students are enrolled in high school and that most
of them were unable to understand science. Monbusho
(Ministry of Education in Japan) then tried to change
science curricula to a more activity base science or
integrated science learning with other subjects. We
really need to develop an innovative science education
program for Japanese Society based more on the char-
acteristics of Japanese culture, environment, and so-
ciety and the needs of the Japanese governmental and
economic system.

4.2. Emerging Innovative Programs: Earth Systems
Education and STS

As a result of the "Sputnik-shock" in 1957, the U.S.
passed a public law called the National Defense Educa-
tion Act (NDEA). Under this law, psychologists and top
scientists (not philosophers of science) got together and
developed many curricular materials and textbooks
(Yager & Penick, 1987) . The period between 1955-1974
can be called the "golden age of science" (Kyle, 1985).
Then came the "Oil Shock" and the emergence of envi-
ronmental problems. This crisis resulted in a call for a
"return to the basics" (Kyle, 1985). There were many
attempts at reformation of secondary education, which
resulted in a decrease in science offerings and an em-
phasis on the 3R's (Reading, wRiting and aRithmatic).
On October 30, 1970, Public Law 91-516, the "Environ-
mental Education Act" was passed. Under this law and
the ESEA (Elementary and Secondary Education Act),
many projects and programs were developed concern-
ing Environmental Education.

With NSF funds, Project Synthesis developed four
main goals for science education and included an analy-
sis of future needs (Harms & Yager, 1981). These were
personal needs, societal issues, career education/aware-
ness, and academic preparation. These goals are quite
suited to a complex society. It is also noteworthy to rec-
ognize the EESA (Education for Economic Security Act
of 1984) because at this moment the U.S., was experi-
encing an "Economic Shock." Under this law (which in
1989 was later amended to be called the Eisenhower
Act after President Dwight D. Eisenhower) and with NSF
funds, many programs and projects were developed to
resolve science education problems in the U.S. Almost
every state has initiated reform of science education in
various ways.

The 1980's reform of education, which focused on
science, mathematics, and computer science is differ-
ent from the 1960's and 1970's. Much has been written
in support latest reform in the U.S. First, phi-
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losophers of science are criticizing science education
and urging changes in the curriculum and methodol-
ogy now used in teaching science (Hodson, 1988, Finley,
1983, Wallace, 1989). Second, learning psychologists
have conducted research on student misconceptions
which indicate student thinking methods and how they
are affected in typical science classes (Osborne &
Wittrock, 1985). Third, from the sociology of science,
there are moves to change science education (Richards,
1988). Fourth, we can find a change of attitude of sci-
ence teachers toward science education goals (Yager &
Penick, 1988). Fifth, we note a large change in student
attitudes toward science and teachers. Students want
to learn more about societal issues and they are tend-
ing not to respect science teachers (Yager & Penick,
1986, Yager, Simmons & Penick, 1989). In order to over-
come these problems in science education, two of the
greatest efforts can be seen in Science-Technology-So-
ciety (S/T/S) as defined by the NSTA position statement
(Yager et.al., 1989). A more recent science curricular
movement is Earth Systems Education and its more
recent offshoot, Global Science Literacy (Mayer and
Fortner, 1995, Mayer, 1995, 1996, 1997a, 1997b) .

Earth Systems Education is the major science cur-
riculum restructuring and integration effort coming out
of the earth science education community. There has
been great effort for developing new curriculum focus-
ing on "Planet Earth" from 1985 by several universities
especially the Ohio State University, the Lawrence Hall
of Science, American Geological Institute, Geological
Society of America and other organizations. The NSF
and Eisenhower Law supported many programs. In
1988, a meeting was held, sponsored by AGI and NSTA,
to consider a basis for revisions in earth science cur-
ricula. Nearly 20 earth scientists from NASA, NOAA,
USGS and several universities, as well as an equal num-
ber of pre-college teachers and curriculum specialists,
met for five days. This conference resulted in a report
laying the foundations for K-12 earth science curricu-
lum revisions and eventually the development of the
Earth Systems Education program initiated by Prof.
Victor Mayer, one of the co-conveners of the conference.
Mayer and his colleagues developed and organized "Pro-
gram for Leadership in Earth Systems Education"
(PLESE) supported by NSF from 1990. Out of this pro-
gram came Earth Systems Education. In this process,
there were strong communications with AAAS.

There were four goals developed in the original re-
port of the 1988 conference (Mayer and Armstrong,
1991):

(1) Scientific Thought: Each citizen will be able to
understand the nature of scientific inquiry using the
historical, descriptive, an experimental processes of the
earth sciences.

(2) Knowledge: Each citizen will be able to describe
and explain Earth processes and features and anticipate
changes in them.

(3) Stewardship: Each citizen will be able to respond
in an informed way to environmental and resource is-
sues.

(4) Appreciation: Each citizen will be able to develop
an aesthetic appreciation of Earth.

There are ten concepts that are a prerequisite for an
evolving 21st century view of planet Earth (Mayer and
Armstrong, 1991):

(1) The Earth System is a small part of a solar sys-
tem within the vast universe.

(2) The Earth System is comprised of the interact-
ing sub-systems of water, land, ice, air, and life.

(3) The Earth's subsystems (water, land, ice, air, and
life) are continuously evolving, changing, and interact-
ing through natural processes and cycles.

(4) The Earth's natural processes take place over pe-
riods of time from billions of years to fractions of sec-
onds.

(5) Many parts of the Earth's subsystems are limited
and vulnerable to overuse, misuse, or change resulting
from human activity. Examples of such resources are
fossil fuels, minerals, fresh water, soils, flora and fauna.

(6) The better we understand the subsystems, the
better we can manage our resources. Humans use Earth
resources such as mineral and water.

(7) Human activities, both conscious and inadvert-
ent, impact Earth subsystems.

(8) A better understanding of the subsystems stimu-
lates greater aesthetic appreciation.

(9) The development of technology has increased and
will continue to increase our ability to understand Earth.

(10) Earth scientists are people who study the ori-
gin, processes, and evolution of Earth's subsystems; they
use their specialized understanding to identify resources
and estimate the likelihood of future events.

Earth Systems Education as it evolved provided a
very broad perception of the nature and basis of sci-
ence. As a result, ESE can be linked with several sub-
ject areas, including all of the science, mathematics,
social studies and aesthetic curricular areas such as art.
Constructivism is a central focus within the ESE in-
structional systems. It is central in instructional ap-
proaches but, perhaps unique of all curricular areas, in
curriculum and program development. In this sense,
ESE could be one of the best approaches to parallel the
National Science Education Standards published in the
US in 1996.

44
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4.3. Implementation of ESE and the Significance for 4.4. A Exemplary Module in Japan similar in many
the Japanese Context respects to ESE

There are two groups who introduced ESE to Japan.
Nakano & Osumi (1993) had an analysis of ESE. They
over viewed ESE and introduced some modules. They
examined ESE, comparing it with STS. They found that
ESE had much support from the "NSTA Position State-
ment on STS, 1990". They identified ESE as a restruc-
turing process for existing science subjects and other
subjects as well. Nakano and Osumi advised that ESE
be introduced more in Japan and should include "Earth
Literacy" as a minimum essential for the citizen in Ja-
pan. It would also be useful for integrating science and
other subjects. Also, Nakano (1996) had a presentation
on the features of "Activities for the Changing Earth
System." In this presentation Nakano examined eight
modules with the connection of seven understandings
developed by the PLESE Planning Committee. Nakano
identified ESE modules as using constructivist ap-
proaches. Again, Nakano insists that ESE could be a
wonderful and unique curriculum for Japanese science
and technology education.

Another group examining ESE is Shimono and
Gotoh (1994). In 1995, Shimono examined Environmen-
tal Education and as a major content for EE, Shimono
insists the importance of understanding the Earth as a
system. Shimono (1996) and his research staff for out-
door study (22 members) examined ESE from the view
points of outdoor learning. Shimono attended one of
the PLESE teachers program; and its Cincinnati Field
Trip. He insists that ESE is a unique and well organized
model for Environmental Education. Also, Shimono
(1996) developed a position paper for the new Japanese
science education curriculum for achieving the under-
standing of the Earth environment. In this paper,
Shimono introduced ESE and its seven understandings
developed by PLESE planning committee. His main
point is that one of the next frameworks in Japan should
be the Earth environment and ESE is the unique syn-
thesized or integrated curriculum which we should in-
vite more.

At most, Mayer (1996) had major symposium on
"National Science Standards (USA) and Global Science
Literacy" at Hiroshima University. Mayer encouraged
many researchers in science education, especially the
earth science education area. In this international con-
ference, we have more than ten Japanese people who
learned of ESE through him. He visited many schools,
institutions, colleges and universities, including
Shizuoka University. His efforts in Japan and Korea for
the dissemination of ESE had great influences in those
countries.

Kumano (1993) reported the results on the module
"Mt. Tsukuba" which was a semester long learning pro-
cess of STS as defined in the NSTA Position Statement.
Also, Kumano (1994) reported the results on the mod-
ule "Global Warming" which was the second, semester
long learning process using the STS approach. For the
second trial, the purpose of the study was to implement
an STS approach in selected science courses in Meikei
High School to determine if such an approach could
contribute positively to the current reform efforts in
science education in Japan. The results are compared
with similar ones from the Iowa experiments in the U.S.
There is much evidence that the STS approach that is
congruent with the Constructivist Learning Model
(Yager, 1991, 1992) can result in major achievements
for both teachers and students in the U.S. It is also clear
that the Iowa model of STS is expanding to other states
through National Science Foundation (NSF) supported
projects.

However, none of these models has included a move
to another culture such as would be the case in Japan.
By using the same methodology of module develop-
ment, an experiment using the STS approach was tried
and evaluated in a different cultural setting, Japan, and
with the results reported compared with similar ones
in the U.S.

A common limitation identified in studies of the ef-
fectiveness of STS approach is the lack of information
about teacher and student behaviors. The STS approach
asks teachers to use constructivist learning strategies,
co-operative learning, concept mapping, and the learn-
ing cycle, special questioning skills, decision-making
skills, and other strategies suggested by student-cen-
tered teaching. Little information exists, however, de-
scribing what teachers (and students) do while using
an STS approach in Japan.

5. COIVCLUSION

STS and ESE have similarities because both of them
are exemplary approaches to curriculum consistent with
the National Science Education Standards (NRC, 1995).
There are differences between ESE and STS. One of them
is a different philosophy of science and curriculum de-
velopment. Ways of developing modules are different. STS
is more flexible whereas ESE provides a basic conceptual
and process framework. One of the goals for ESE includes
the aesthetic appreciation of Earth, whereas STS does
not address that aspect of aesthetics of science as a major
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framework. But it is rather better for the Asian context
to adapt both as the major Science and Technology Edu-
cation framework for the 21st century. Or it may be pos-
sible to develop another approach or framework more
appropriate to the Asian community of learners for the
21st century. However, for such a process, we need many
educators, researchers, governmental specialists and
budgets all together.
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The Island of Hawai'i: Aspects of its
Evolution and Earth Systems
Interactions
Thomas A. Schroeder, Director, Joint Institute for
Marine and Atmospheric Research at the University of
Hawai'i at Manoa.

Introduced by Robert Christman, Executive Direc-
tor, Coalition for Earth Science Education.

Abstract: The island of Hawai'i is the youngest is-
land in the Hawai'ian chain. It comprises five principal
volcanoes in varying stages of evolution. As part of the
remotest island chain on earth, Hawai'i's plant and ani-
mal life has evolved uniquely and is characterized by
limited biodiversity. Lying amidst one of the most regu-
lar wind systems in the world, it has remarkably vary-
ing climate. The island generates its own weather.

Nevertheless, impacts of remote regions are felt. Dr.
Schroeder discussed the history and interpretation of
the Mauna Loa Observatory CO2 time series to empha-
size interactions among ocean, atmosphere, land, biol-
ogy and humankind which must be accounted for in
this "most significant geophysical time series." He also
discussed local impacts of the geology (volcanoes) on
Hilo weather.

I'd like to begin today with your own experience
and build the Hawai'ian Earth System ideas around
that, showing how the land, sea and air work together.
We had seven inches of rain in twelve hours last night.
You notice the awnings, the walkways...people have
adapted to the conditions of the Earth system. The
average rainfall at the airport is 133 inches annually. I
am primarily a meteorologist, but I will begin with a
little geology. Then I'll discuss certain weather pat-
terns on the island and describe some ongoing efforts
at Mauna Loa observatory.

First, I am going to briefly talk about the regional
characteristics. Most of you have heard about hot spots,
as described in the journal Nature. Most scientists have
heard about how hot spots are detected and tracked. It's
called trajectory analysis (tracing things back to their
origins). Some colleagues at the university have applied
this by taking the known distribution of sea mounts and
the best guess of what the crustal plate motions have
been, and working backwards. They take every seamount
and track it back in history. The idea is that if these
trajectories intersect, that should be a geologic hot spot.
The key is determining how the plate motions go back-

ward, because it doesn't look like the current distribu-
tion. If we focus in closely on the north Pacific, we see
that the main intersection of these tracks is right on
the island of Hawai'i. We have always said Hawai'i is
where the hot spot currently is, the place where magma
is emerging to form new crust, either under the sea or
on the surface.

Ages (in millions of years) for basalt in the Hawarian
island chain.

That brings us to how our island chain was produced.
I'm going to talk mostly about the Big Island because
most of the natural phenomena are best represented
here. We have a Big Island comprised of basically five
volcanos with a sixth volcano called Ninole, now buried
down on the flank of Mauna Loa. If you were to read
Volcanoes in the Sea by MacDonald, Abbott and Peterson
(1983), you would find there was a seventh mountain,
Kulani, which disappeared. Apparently the site of Kulani
probably is not a separate vent.

The five major peaks on the Big Island are as follows:

Mauna Loa, the most massive mountain on earth,
over four kilometers high, last erupted in 1984.
Hualalai, one of the better kept secrets, over eight
thousand feet, last erupted in 1801. It erupted after
the time of Captain Cook, and most of Kona airport
sits on the lava flows. A heavy population has built
up along those slopes.

Kilauea, which is erupting now and continuously
since 1983.

Mauna Kea, most famous now for the observatory, is
another peak more than four kilometers high. It ap-
parently had an eruption about 4500 years ago.

We have the Kohala Mountains as they are called,
that are basically eroded peaks. This is actually one
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old volcano which is probably five hundred thou-
sand years old.

Then this mystery one, Ninole, which was active
about 100 to 500 thousand years ago, based on po-
tassium-argon dating.

Volcanoes go through "life stages" here. First we have
submarine shields; Loihi is an example. Shield erup-
tions may finally break through the water surface as
islands. Volcanoes in the socalled shield building stage
are Mauna Loa and Kilauea. Next is the post-caldera
stage. Kohala fits this category. My colleagues may de-
cide that calderas are not really necessarily part of the
cycle, because they come and go. Different geologists
have different opinions about Hualalai; some have de-
termined that Hualalai has probably never had a caldera
per se.

Shield - bUilding stage
sea level substage

sxtratri gn s

Shielder!-13
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Those are the five mountains on the Big Island, and
Loihi is submerged on the flank. From space shuttle
views you can see Mauna Loa, Mauna Kea, Hualalai and
Kohala. Kilauea barely shows up because it's such a
gradual feature. The interesting thing from the meteo-
rological viewpoint (and from a number of viewpoints)
and is that they are various ages, various shapes, and
various elevations. I will get back to that.

I want to talk briefly about the newest mountain
because there are some exciting things going on at Loihi.
This is the most recent detailed sidescan sonar topog-
raphy of Loihi done in 3 dimensions. Loihi comes to
within about a thousand meters of sea level, and its roots
are so deep we can't see them with our submersibles.
We don't go deep enough.

In 1996, there was a major seismic crisis on Loihi
a major event in history, and we were able to get a rapid
response mission out there with NSF and NOAA sup-
port through our undersea research program. We found
some tremendous structural changes that have oc-
curred. For example, a number of hydrothermal sys-
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Bathymetric 3-D image of Loihi seamount, from Internet
site, University of Hawai'i.

tems have been sighted over the years on Loihi. "Pele's
vents," was previously a rich hydrothermal field. As of
August, 1996, Pele's vents are now Pele's pit because a
giant pit crater developed.

Oceanographic sampling has detected in the water
column some evidence of magmatic materials and gases
that have been injected into the water column some-
where east of the island. We think there's been an erup-
tion at low along the rift, but we can't dive deep enough.
Pisces V, which is the Hawail Undersea Research sub-
mersible, goes to two kilometers and we would prob-
ably need to be about four kilometers deep to find it.
So, we're debating, did it erupt or not? First of all, how
many people knew what a seamount would look like?
It's basically a pile of rubble with a bunch of pillows
stacked on top. Not surprising that it's somewhat un-
stable. What we find now is the south side is darkthat
is the chasm which drops a few hundred meters, where
there's obviously been a big slump. Now, with Loihi be-
ing more than a thousand meters down, it is a problem
to get very good observations. We are trying to do some-
thing about that. We are going to be, in the next few
months, hopefully, using the Pisces V. Pisces V can de-
ploy HUGO (the Hawai'i Undersea Geo Observatory). It
is actually one of the world's biggest junction boxes,
and it will sit on the slope of Loihi. The problem we had
in 1996 was the target site where they were going to
put HUGO disappeared! The geologist in charge simply
didn't realize how treacherous the slopes were there;
this was a most precarious place to put an instrument.

Thus a giant junction box is going to be sitting on
the flank of Loihi and linked by an undersea cable to
the old abandoned sugar port of Honuapo, which is just
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down on the southeast flank of Mauna Loa. A hundred
years ago boats would come up to an old pier there and
pick up products from the sugar mills nearby. There's
an abandoned mill right across the street from it. We
have turned that into a base station, so any kind of in-
strument platform that you want to put onto Loihi (a
major engineering feat by the way because, at a thou-
sand meters, everything is hard to do) can be hooked
into that junction box and basically telemeter your data
through that line to the shore. The NSF has spent about
a million dollars on HUGO so far. It's expensive going
there to put it underwater.

Loihi is one of the new exciting things. Of course,
since it is a thousand meters down at the current rate
of growth, its going to be a few lifetimes before we ever
see it at the surface. Philosophically, whether people will
be around to see it will depend on how our society func-
tions!

Now I want to get into some things about the moun-
tains and their impact on island weather, so you can get
a feeling for what goes on around the island. Also, I want
to talk about Mauna Loa Observatory.

Look back at the first map, and at the chart below.
The Big Island makes up about 60 percent of the state's
area. The older islands are more eroded, and the moun-
tains are getting worn down. We have a variety of moun-
tains at different heights. What makes this interesting
is that when the moving air meets these mountains,
very different reactions occur depending on the kind of
mountain. (This is from a book of which I am an au-
thor, Prevailing 7)-ade WindsClimate and Weather of
Hawai'i).

As you learned in your basic earth science or geog-
raphy course, air rises at the equator, subsides in .the
subtropical "horse" latitudes at 30°, and the winds re-
turning at the surface to the equator are called the Trade
Winds. Hawai'i sits in the middle of the Trades. In the

summer, this is the typical pressure distribution around
the Pacific and the islands will be sitting right in a very
steady regular flow, the second most reliable wind sys-
tem on the planet. [The most reliable wind system would
be the southeast Trades of the south Pacific.] Ninety
percent of the month of July, the winds at Honolulu
Airport are from northeast. That's very consistent. In
the winter its about 50% and on the annual average,
it's about 70%. So this is our dominant system. Our
whole geography is windward and leeward, based on the
Trade Winds.

Let's look at the lYade winds' flow around the is-
land. Pictures from the space shuttle Challenger clearly
illustrate fluid flow around the islands, similar to a rock
in the stream. One of the things you may have noted
(with the exception of yesterday), is that normally the
clouds and the Trade winds are capped and held at a
fairly standard level. Special interactions occur as this
rock stands up in the Thde winds.

Let's focus in on the nature of the Trade winds. Some
work by Joanne Simpson, almost forty years ago, de-
scribes what a typical section of air looks like if you
come along a cross section. If you were flying from San
Francisco at 7000 feet, you would find air moving down
from California towards Hawai'i, being heated from be-
low. There is a stable sinking air associated with that
high aloft, and it's stronger near San Francisco. So when
you fly out of San Francisco, you often fly through it in
the first five hundred feet (that's the top of the cloud
layer as you come out of San Francisco airport). And if
you move downstream towards Hawai'i it gets thicker
and thicker, but there's still a cap. To show how dra-
matic it is, there is a discontinuity in both temperature
and humidity. The relative humidity drops precipitously.
As a matter of fact, in 1840 when Charles Wilkes led a
U.S. expedition on the first ascent of Mauna Loa, he
took his dew point hygrometer up there, but could de-
tect no moisture whatsoever because it was so dry. Along

Land Area and Maximum Elevation of Principal Hawai'ian Islands

Island Area: km'
Peak Peak

Area: mi2 Elevation: m Elevation: ft

Hawai'i 10453 4038 4206 13796

Maui 1885 728 3056 10023

O'ahu 1573 608 1232 4040

Kaua'i 1432 553 1598 5240

Moloka'i 676 261 1515 4970

Lana'i 361 140 1027 3370

Ni'ihau 189 73 391 1281

Kaho'olawe 116 45 450 1477
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with that drying, there is a warming due to the sinking
of air. This is the adiabatic compression. If you use the
right wave length of radio waves, the temperature and
dew point discontinuity leads to a density difference, a
refractive index difference, that shows up on a vertically
pointing radar. The cap becomes "visible" as what we
call the Trade winds inversion.

Other features of island weather are Trade winds
showers. They develop up to about 2 kilometers, but
they do not penetrate the inversion. What drives that
inversion is the sinking motion associated with that
normal high pressure system. Typically the clouds
should only be 7000 feet. So, what happened last night?
An upper level weather system came by that shifted the
pattern of motion aloft to Lip instead of down, so the
inversion disappeared. And, boom, there went the lid
for that light show last night. Seventy percent of the
year, the pattern is the same. Occasionally a storm oc-
curs as it did last night.

Altitude and wind direction lead to some very dra-
matic climate variations. I will just focus on the island
of Hawai'i. The mean annual rainfall for the island of
Hawai'i, based on all data available over about a hun-
dred-year record, is six thousand millimeters or 250
inches a year above Hilo. The summits, however, are
quite dry. In fact, some areas get less rain than what we
estimate for the open oceans around here. So we have
spectacular differences there. The island is sucking wa-
ter out of the atmosphere, we might say. The southeast
flank of Mauna Loa gets a unique rainfall maximum also,
predominantly in the summer. The Kona coast has its
own little rainfall maximum. The key thing I want to
note on all those is that they're on the slopes of moun-
tains that penetrate the inversion. North Kohala has
more than a four thousand millimeter maximum right
on top of the mountain. That's a five thousand foot
mountainit's below the inversion. So we get different
rainfall distributions, which show up in vegetation and
plant life differences on each of the mountains depend-
ing on their dimensions. The ultimate example of a
mountain that does not penetrate the inversion is Kauai.
The peak rainfall is 11,000 millimeters a year; the
Guinness Book of Records accepts that now as the wet-
test spot on earth. This is a sheer cliff facing the prevail-
ing Trade winds. But the way that island is oriented,
any wind direction results in showers on the summit.

To give an idea now of how big an impact the moun-
tains have, think about this. The prevailing direction of
the Trade winds is northeast or east northeast. The pre-
vailing wind direction at the Hilo airport is west south-
west. Now, how could that be? Well, above 8000 feet,
Mauna Loa is just big bare rock. It has tremendous ca-
pacity for absorbing sunlight during the day and cool-
ing off at night by radiation into that dry air above the

inversion. Every night the wind comes down off the
slopesa mountain breeze which moves into Hiloand
the prevailing direction will be west southwest.

Because of the reproducibility of the weather pat-
terns here, it is a great place to do investigations on
very fundamental problems. In 1990 a study was done
on the rain band that forms out in the bay at night. In
forty-two days in 1990, we had one hundred rain bands
to sample in Hilo Bay. That's very reproducible! This
shows that at night the island is basically breathing out
against the Trade winds. The downwind flow is so strong
that it displaces the Trade, and it is very regular, it hap-
pens every night. If you recall, the Trade winds blow
only 70 percent of the time. The prevailing wind is the
one most frequently observed; at Hilo that wind is
downslope at night.

As for the daytime, there's one interesting feature
showing how the local effects dominate. And that is,
along the Kona coast. During the summer, a sea breeze
blows every day. That air converges with Trades that kind
of sneak around Mauna Loa to produce an afternoon
cloud up on the slope, producing rainfall on the Kona
coast on the leeward side. That's how you get that 100
inches per year on that side. On the Kona coast is the
only place in the state of Hawai'i where the rainy sea-
son is summer (now). The rest of the state has its rainy
season in winter, but that is due to local effect. The per-
son who discovered that was Luna Leopold who was
fairly famous as a geomorphologist, an American pro-
fessor emeritus at Berkeley. In the 1940's, he worked
for the Hawai'i Pineapple Research Institute doing
weather research and did some fundamental work on
island meteorology.

One of the most outstanding factors that is produced
by the regular interactions of the mountains and the
Trade winds are reproducible weather patterns. For ex-
ample, an analysis of nine to fourteen years of daily rain-
fall records for 24 rain gauges on the island of Hawai'i
shows the clear diurnal cycle. In a nine-year period in
the month of June, it never rained on the Kona side at
2000 feet elevation between the hours of 9 and 10 AM.
Kona has an afternoon rainfall maximum associated with
that sea breeze. In Hilo, the maximum rainfall occurs
around midnight to 2 AM. A simple sine curve explains
90 percent of the variance of rainfall frequencies on the
diurnal cycle. It's that regular. Minimum is normally
around 1 PM. It's very much like clockwork and it shows
up in the weather forecast! The first refuge of the fore-
caster here is climatology. So Hilo's forecast will be
"showers at night and clearing in the midday." That is
the climatological forecast, a prediction based on the
historical record.

A diagram of frequency of occurrence of rainfall on
the Kona (west) coast of Hawai'i is going to be basically
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like this: essentially nothing in the morning; then
around midday, a dramatic rise in the amount and fre-
quency of precipitation. As showers develop up on the
slopes, at night they just move down to the shore, so
that a station farther down slope would have less rain
and a later rainfall peak. On the Hilo side, it is even
easier to predictjust a midnight to midnight sine wave,
with the precipitation at night. If you go along the Hilo
coast, there are 5 rain gauges that all show exactly the
same pattern. On the windward side of Haleakala in
Maui, the ten thousand foot mountain shows a similar
pattern, all forced by the islands. So each island makes
it own weather. You can basically choose what kind of
weather you want. If you like rain at night, come to Hilo.
For rain in the afternoon, go to Kona.

The rain in Kona has a special application. Perhaps
you have had gourmet Kona coffee. Before the age of
fertilizers, coffee was grown as a shrub in a canopy of
other trees; it would have suffered extremely from di-
rect sun damage. But on the Kona coast, because there
are afternoon clouds every day, the coffee could grow
without any forest canopy. So prior to the age
of fertilizers, the only place coffee survived
in plantations was on the Kona coast. Now
with fertilizers, coffee can be grown every-
where. But Kona coffee was a direct result of
the local weather patterns. 360

370

There are others who can tell you more
about the biosphere in Hawai'i. I will men-
tion a brief example of fauna and that is a
unique spider that lives on the summit of
Mauna Kea. Mauna Kea is an alpine desert
according to climate classification. The mys-
tery is how this spider survives up there. Re-
markably, the afternoon upslope wind brings
insects up, and so basically, the food is
brought to the spider by the local circulation!

On your field trip to the volcano, you
heard from the biologist about blind cave
creatures that have grown in the lava tubes.
We have some interesting evolutionary sto-
ries. One of the major issues in Hawai'i is
biodiversity. The islands have bio-nondiver-
sity, a very limited number of species. But
those organisms have done some interesting
evolutionary tricks. It was not easy for new
organisms to get here until the age of jet air-
craft and ships or Polynesians.

I want to discuss one of the better kept secrets on
the island, the Mauna Loa observatory, which takes ex-
act advantage of the locations here. Mauna Kea has ob-
servatories that almost everybody has heard of. The dry
air above the Trade wind inversion is good for infrared
and other types of astronomy. The first Mauna Loa ob-
servatory was created in 1949 right at the summit. It
was abandoned, then resurrected in 1957. Being at 3.5
km puts the Observatory above the polluted boundary
layer of the atmosphere, so supposedly measurements
taken there are pristine remote atmospheric samples.

Almost anybody can identify the Mauna Loa carbon
dioxide curve, dating back to 1957, started by Charles
Keeling of the Scripps Institution of Oceanography. He
started doing measurements here at Mauna Loa as part
of the International Geophysical Year, 1957. The IGY
was famous for a number of achievements. One was the
establishment of the Mauna Loa record and the other
was the fact that it was an El Nirio event. Everything
went crazy in the equatorial Pacific for the IGY. That
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got people interested in the problem and led to the whole
generation of research on El Nirio and climate varia-
tions. The Mauna Loa record of CO2 shows an annual
cycle basically related to the activity of green plants in
the northern hemisphere. It shows a trend upward. It
also shows some little flat spots that correspond to ma-
jor El Nirio Southern Oscillations. Apparently when you
upset the circulation of the equatorial oceans and upset
the thermal structure, you also upset the ability of the
oceans to take up dissolved or non-dissolved carbon di-
oxide. So you see a drawdown of CO2 for a while during
El Nirio events. The interruption of the trend in the early
'90s reflects a long-lived El Nirio.

The Mauna Loa Observatory has a precarious exist-
ence. It is right on the shoulder of an active volcano.
Having that volcano nearby introduces a problem: the
wind direction has two components. One is basically a
southerly wind coming right out of the volcano caldera.
It turns out there's carbon dioxide present. The Mauna
Loa recording after an eruption is charged with CO2. So
one of the problems at the observatory is that they have
to filter the data very carefully. They even pave the road
well up there to keep dust down, and they have a limit
on how close cars can get. Since the instruments are so
sensitive, automobile exhaust is a problem.

Now, with the clean air backgrounds at a site like
that, the importance of course is long records. Those
who have followed this know they've had very interest-
ing history keeping that observatory going. Politically,
there's not much funding available for routine observa-
tion. It is a major fight, but perhaps the war has been
won now. Some of the interesting results coming out of
there include sampling of all kinds of atmospheric trace
gasses, including the dreaded CFCii, the spray can out-
put. The trace indicates that the Montreal protocols are
working: concentrations are actually leveling off or drop-
ping a little. CFC12 hasn't quite stabilized yet, but there's
hope. That compound is just a little slower to settle
down.

The replacements for the chlorofluorocarbons are
now showing up in the monitoring being done at Mauna
Loa. The observatory also runs vertical pointing lasers
to pick up stratospheric clouds from volcanic eruptions.

No big spikes recently are El Chichon in 1982 and
Pinatubo in 1991. In long records, you can also check
the interference with sunlight coming through the at-
mosphere. You'll get the inverse signal from the Lidar.
This is back far enough to pick up Agung in Bali (1964)
which also produced a small effect. From Mauna Loa,
we can also contribute data to Global Monitoring for
Climatic Change, which has sites in Beryl, Alaska; Mauna
Loa; Pago Pago; American Samoa, and the South Pole.

The disturbing thing we are now finding at Mauna
Loa is evidence of air pollution. Besides the Asian dust
storms that we see every spring, we are now seeing die-
sel exhaust products, apparently of Asian origin, and
probably Chinese. Perhaps the next big impact on the
atmosphere is going to be the industrialization of China.
We can see it from this remote background. This re-
mote background depends on the unique combination
of this locatiOn, the size of the mountain, the unique
nature of the Trade wind interacting to allow that site
to flourish.

This summarizes the points I was going to discuss
todayorigin of the mountains, what they do to the
weather, and one of most important by-products of these
Earth system interactions: the establishment and main-
tenance of facilities such as Mauna Loa.
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Climate Histories from High Temporal
Resolution Ice CoresChanging
Paradigms

Ellen Mosley-Thompson, Byrd Polar Research Center,
Department of Geography, The Ohio State University,
Columbus, OH 43210

Introduced by John Carpenter, University of South
Carolina

Abstract. Annual to decadal scale paleoenvir-
onmental records obtained from ice cores at carefully
selected polar and non-polar sites provide unique
glimpses of past atmospheric conditions including its
temperature, chemical composition and dustiness as
well as the local history of net accumulation. Non-polar
ice core records complement polar histories by provid-
ing information about climatic changes which directly
and significantly affect human activities such as fluc-
tuations in the intensity, timing and duration of both
the Asian monsoon and the El Nifio-Southern Oscilla-
tion (ENSO). This paper presents (1) the decadal aver-
ages of a180 (based upon annually resolved data) for the
last 500 to 800 years that include the Little Ice Age; (2)
evidence of a strong positive link between accumula-
tion over western China and that in the Peruvian Andes;
(3) evidence of similar temperature trends (inferred from
a180) in the Peruvian Andes, western Tibet, and over
the East Antarctic Plateau during the latter half of the
Holocene; and (4) a tropical ice core amo record which
reveals a Late Glacial Stage cooling of 8°C at high eleva-
tions in the tropics. Documenting variability in our en-
vironment becomes more urgent as the need arises to
forecast the range of future climate variability under a
warmer Earth scenario. These unique archives provide
the high temporal resolution, multi-faceted records es-
sential for a global perspective of past climate variabil-

ity. When integrated with other proxy records, they chal-
lenge our constructs of how the Earth System operates
and provide the time perspective essential for assessing
20th century climate variability.

[Dr. Thompson indicated that the Internet site for
the Byrd Polar Research Center (http.11www-bprc.mps.
ohio-state.edu) could provide further information about
the The Role of the Polar Region in Global Change, a
Chautauqua Workshop conducted for extensive study
of the polar environment. The page labeled Icecore will
carry updates of material presented here.]

A nighttime image of South America shows the in-
habited portions of South America as lighted areas. It
also illustrates a large number of fires associated with
biomass burning in the Amazon area. I want to open
my presentation with this as an example of what I think
is becoming a fact: human kind is probably becoming
the most important geomorphic agent on the surface
of the Earth today.

At no time in human history have human beings had
a greater impact than in the 20th century. All the major
biogeochemical cycles, those involving water and soil
and nutrients, have now been disturbed in some way.
One example of this is the anticipated large-scale warm-
ing that we may experience at some point in the Earth's
future in response to the emission of greenhouse gases.
We also know that the climate system is naturally very
variable and that these human-induced changes are
superimposed upon this natural background. It may take
some time for the anthropogenic component to become
evident, or in other words, for it to rise above the back-
ground of natural climate variability.

What I want to discuss with you today is the contri-
bution of the Earth's frozen archives to our understand-
ing of the Earth system. Ice caps and ice sheets contrib-
ute in two ways. First, they reveal the history of the
Earth's climate system. We know that the concentra-
tion of CO2 in the pre-anthropogenic atmosphere was
about 280 parts per million, and we know this from the
records contained in polar ice cores.

Second, if we observe the ice systems on the Earth
today we find that in the tropics and subtopics, most of
the major ice fields are diminishing. This is a clear sign
that there is something somewhat different about the
boundary conditions of the Earth's system in the 20th
century. This leads to the title of my talk: Climate His-
tories From High Resolution Ice CoresChanging Para-
digms. The Quelccaya ice cap in the southern Andes of
Peru has layers, each of which marks one year's precipi-
tation and the dust bands deposited during the dry sea-
son. Thus, when we come along with a drill, and we
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take an ice core through that stratigraphic sequence,
we can extract an annually resolved paleo climate record.
The ice core contains a variety of chemical and physical
constituents that tell us about the past climate and en-
vironment of the Earth.

Many types of environmental data can be extracted
from an ice core. For example, we can estimate changes
in the Earth's temperature using a measurement called
the oxygen isotopic ratio and another called the deute-
rium to hydrogen ratio. These tell us something about
the temperature in the Earth's atmosphere at the time
that the precipitation condensed. We can measure a
variety of chemical constituents. For example, chlorine
concentrations tell us about the abundance of sea salt
in the air, while sulfate signals the emissions from vol-
canoes. We can measure heavy metals such as lead, and
other scientists have tracked the human development
of smelting from Greenland ice core records. When the
cores contain some identifiable annual marker, such as
these annual layers shown here in the Guliya ice cap in
China, we can estimate the amount of ice that accumu-
lated in that specific year. So, we can tell you some-
thing about how much precipitation fell at a particular
drill site. We also measure the concentration and size
distribution of the dust in the cores, which reflects the
history of atmospheric dustiness. Pollen trapped in the
ice tells us about the vegetation and changes in the lo-
cal environment. As I said, the excess sulfate (that not
originating from the ocean) allows us to reconstruct
volcanic history. In more recent ice we also have sulfate
contributed by the burning of coal, particularly high
sulfur coal. Another indicator of anthropogenic activity
is the recent increase in nitrate which is derived from
the application of fertilizer in the northern hemisphere.
There has been a tremendous increase of anthropogenic
nitrate and sulfate since about 1850.

Because ice caps and glaciers are found in many lo-
cations on Earth we can look at different components
of the Earth system if we take cores at many locations.

Figure 1
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Figure 1 highlights the various places where our re-
search group at Ohio State has had successful ice core
retrieval projects as well as those sites where we plan to
drill in the future.

Today, I'm just going to focus on a few projects. If
you are intrigued by what you hear and if you think
some of the materials that I present can be used in your
class, I again invite you to look at our'web page, go to
the ice core group because we have some really nice
GIF files that are downloadable.

Today, I'm going to talk about two projects in South
America, the Quelccaya and Huascarán ice fields, and
we will some see some examples from China as well as
one field program in Antarctica.

First, let's start with the Quelccaya ice cap located
at 18,600 feet in the southern Andes of Peru. Quelccaya
sits on a very flat ignimbrite flow and covers 60 square
kilometers. Although Quelccaya is located very close to
the Pacific, almost all the moisture that falls on the
Andean ice fields comes from the Atlantic Ocean. The
water vapor passes over the Amazon Basin, and as the
air is forced up over the Andes, the snow is deposited on
the summit ice fields. You can imagine that taking drill-
ing systems with heavy cables and drums of fuel to
18,000 to 22,000 feet, the range at which we are work-
ing, is quite difficult. We must use very light drilling
systems, and where it's possible we also use solar power.
An array of sixty solar panels that produced two kilo-
watts of power allowed us to drill two ice cores to bed-
rock through the 160-meter thick ice cap.
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Figure 2 illustrates the oxygen isotopic ratio, our
proxy for temperature. The bottom two diagrams show
the oxygen isotopic ratio for two ice cores. The upper
curve is the reconstructed Northern Hemisphere tem-
perature record. There is great similarity between the
oxygen isotopic records and air temperature. We re-
ported these data in Science'. They provide the first evi-
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dence in the tropics for the Little Ice Age cool stage, or
what we really like to call the most recent neoglacial
stage from about 1450 to about 1880 A.D. You can see
that the isotopic data track the meteorological data very
nicely. I specifically want to point out the decade be-
tween 1810 and 1820, which is isotopically depleted,
implying colder conditions. In fact, comparison with the
Northern Hemisphere temperature record reveals that
this decade, containing the eruption of Tambora, is the
coldest decade on record. What we didn't know until we
produced an excess sulfate record, this time from Ant-
arctica, was that another volcano had erupted in 1809.
This eruption does not appear in the historical records,
but it was very explosive and emitted almost as much
sulfate aerosol to the stratosphere as Tambora. This an-
swered an interesting question that scientists had asked
for quite a while, and that was, if Tambora was respon-
sible for the cooling of the decade, why did the cooling
begin several years before Tambora erupted? The an-
swer is, there was another eruption. But without these
ice core records we would not have known that.

I love working in both Antarctica and Greenland, but
one of the nice things about working in the tropics is
that you also have a human component, a long anthro-
pological history to which you can tie ice core records.
This gives us a glimpse of the relationship between hu-
man activities and the environment. One example of
this is illustrated in Figure 3. On the left is a 1400-year
record of net accumulation from the present to 400 A.D.
The accumulation is plotted with respect to the mean
line so we can see a dry period in the latter part of the
Little Ice Age centered at about 1800, while there was a
very wet period in the early part of the Little Ice Age.
The shaded areas show periods of reduced and increased
accumulation. On the right the diagram shows the rise
and fall of the cultures in Peru. The development of the
highland cultures is out of phase with the development
of the coastal cultures. Now remember our ice core
record comes from the highland area. Thus, the high-

land empires tended to flourish during moister condi-
tions in the highlands. Note that a particular highland
culture, or the evidence of it, diminishes in the archaeo-
logical records as the conditions in the highlands be-
come dry, but then we see coastal cultures advancing. I
think that what we see here is the natural human incli-
nation to follow water. We see that regional changes in
the hydrologic cycle will drive the human response.

Various areas in South America are affected by the
El Niiio Southern Oscillation (ENSO). We know that
ENSO has global impacts. For example, very dry condi-
tions dominate the eastern part of Australia. Monsoonal
failures have been linked to ENSO. Of course, warm sea
surface temperatures are associated with the flooding
along the western coast of North America and down in
the southeast, as well as with dry conditions in south-
ern Peru. We were able to observe directly the effect of
ENSO on the Quelccaya ice cap. During the 1982/83
ENSO event it received very little precipitation. By drill-
ing ice cores, we can go back in time using the thick-
ness of these annual layers to reconstruct the ENSO
history of this region. The average precipitation on
Quelccaya is little over a meter a year (that's in water
equivalent and would be about three meters of snowfall
a year). During the previous ENSO, 1976-77, accumu-
lation dropped to about 0.8 meters. As we get a sub-
stantial reduction in accumulation on Quelccaya dur-
ing ENSO, we can use the ice core record to extend
William Quinn's ENSO record back beyond 1500 A.D.

Now I want to talk briefly about two projects that we
have conducted on the Tibetan Plateau. It's probably
the single most impressive feature on the Earth's sur-
face. It has an average surface elevation in excess of 4500
meters and it's covered by many hundreds of thousands
of square kilometers of ice fields. Dunde is a very large
Tibetan Plateau ice cap with a nearly perfect dome shape.
In 1987, we drilled three cores to bedrock.

Let me digress here for a moment. Essentially, what
people always say to me is "how deep did you drill?"
Often people will attempt to relate the thickness of the
ice cap with the amount of time preserved there. In re-
ality, there are three things that dictate how much time
will be captured in an ice core. 1) Is the ice cap frozen
to the bed? If it is not frozen to the bed, you will lose
your record off the bottom by melting. 2) How thick is
the ice cap? Obviously, all other things being equal,
thicker is better. 3) The final important contributor is,
how much precipitation does the area get every year?
Fortunately, Dunde was frozen to the bed, has a beauti-
ful dome shape, and received a nice accumulation of
about 40 centimeters of water equivalent. Actually, when
we did this project, we expected to get a record of maybe
five or six thousand years. In fact, this record goes back
forty thousand years.



General Sessions

Figure 4 Figure 4 includes the last
twelve thousand years of the

Ekride Ice Cap, Chtna Dunde record. This graph shows
Core I, 50 Year Averages the oxygen isotope history where

6100 (aboo) more negative values generally
mean colder conditions and less
negative means warmer. The
data are plotted as 50-year aver-
ages and you can see the vari-
ous periods of warmer and
cooler conditions as you would
expect. Here you see the end of
the last major glacial stage, what
we in the US call the Wiscon-
sinan and the people in Europe
call the Wiirm. Erroneously
some people also call this period
the last ice age, but in reality, it
was just the last (or most recent)
major glacial stage. The shaded
area represents the isotopic
value of the last fifty years, 1937
to 1987, and it is projected back-
ward in time. This figure reveals

that at no time in the 12,000-year history have we had a
fifty-year period where isotopically inferred tempera-
tures have been warmer. Let me make two comments.
One is, ice cores are excellent in that they allow you to
look back through time. That allows us to look at the
20th Century with a longer term perspective. The other
thing that is interesting about this warmth of the 20th
Century on the Tibetan plateau is that most of the cli-
mate models indicate that one of the first places you
might expect evidence of anthropogenically induced
warming is at high elevation in the interior of large con-
tinents. This record is from the Earth's largest conti-
nent, from one of the highest locations, and suggests
that the 20th Century has been unusually warm.

Now I want to move all away across the Tibetan Pla-
teau to the western side, to the western Kunlun Moun-
tains to an ice cap called the Guliya ice cap which sits at
more than 21,000 feet summit elevation. Guliya has a
vertical margin much like that surrounding Quelccaya,
which essentially means it's frozen to the bed. This
means that you can anticipate a very long record. We
call it a "polar-type" glacier even though this ice cap is
located at 45 degrees north latitude. There is banding
in the ice wall. This was a particularly hard project which
required drilling day and night. The drilling was actu-
ally done under a dome tent so the drillers could have
light at night.

Last month the results from these cores appeared in
Science' so I will not elaborate on the details today. Let
me show you how we can begin to piece these records
together. The last 1000 years of accumulation from the

Guliya ice cap, on the western side of the Tibetan pla-
teau, can be compared to that from the Quelccaya ice
cap in the southern part of Peru. In other words, we're
able to make these linkages all away across the Pacific
Basin, not on the annual time scale and not on the
decadal time scale, but on multi-decadal to century time
scales. We think that this linkage represents the large
scale, multi-decadal scale linkage between the ENSO
system and the monsoonal circulation system and we
have a project in which we're investigating that in de-
tail.

Every time we go somewhere and drill another ice
core, its amazing how much more we learn about the
Earth system. The one thing we as scientists must al-
ways be willing to do, is to modify our paradigm as we
obtain more data. Some of our recent results from the
Huascarán (Peru) core, along with some other evidence,
have changed the way the scientists are thinking about
the tropical climate system.

Huascaran is located in the northern Cordillera Blanca
of Peru. It's a twin-peaked mountain and the drill site is
in the col. Logistically it was a very difficult project. There
was a crevasse that ultimately had to be traversed using
ladders tied together. But, once you're up at the drill camp
it is relatively flat. As Huascarán is located in the tropics,
which has a distinct wet and dry season, we were able to
use our solar-powered drill. The distinct wet and dry sea-
son puts within the ice core some seasonally varying
chemical and physical parameters. The seasonal varia-
tion in nitrate, we believe, comes from the seasonal
changes in the vegetation in the Amazon as it experi-
ences the wet and dry seasons. By analyzing the cores in
detail, each year can be picked out for some distance down
the core. Obviously, at some depth, the layers become so
thin, that we cannot discern them. Near the top, the
annual layer is a meter thick. By the time we're down to
about 1850, the layers are pressed closer together. Any-
way, this shows you how we date the core.

What we did not expect from Huascarán was ice
formed during the last major glacial stage. In the near
basal ice we have very depleted (more negative) oxygen
isotopic values along with a substantial reduction in the
nitrate concentrations and much higher concentrations
of dust. In all ice cores around the world that have been
drilled and penetrated the HoloceneWisconsinan
boundary, scientists have found glacial stage ice is rich
in dust and depleted in a180. The Huascarán cores con-
tain the first evidence of the last glaciation in the trop-
ics. That in itself was intriguing, but it was astounding
to find late glacial-stage ice at nearly 20,000 feet in the
northern Andes of Peru.

Let me explain what we think is the cause of that
reduction in nitrate and the increase in dust. Compari-
son of the reconstructed vegetation pattern for 18,000
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yr. B.P. in South America versus the vegetation patterns
there today indicates that much of the Amazon Basin
was formerly covered by savannah, that the tropical
rainforest was significantly diminished, and much of the
area was covered by loess and dune deposits. This is in-
terpreted as a change in environment in South America
and that is exactly what's been driving what we're see-
ing in our ice cores. These results were published in
Science'.

If we compare the dust and the oxygen isotopic ra-
tios in Huascarán to those from the Byrd core
(Antarctica) and Dye 3 in Greenland, they are all
quite similar. In other words, in the tropics at 8
degrees south we have the same signals as the
polar regions. What's even more interesting is
that absolute value of the isotopic depletion in
the Last Glacial Stage is on the order of seven
parts per mil in Huascarán and in Antarctica it is
six parts per mil and in Greenland it is seven parts
per mil. In other words, we have labored under
an incorrect paradigm for a number of years ba-
sically due to the results from CLIMAP. CLIMAP
results were correct. They were simply incom-
plete. CLIMAP results indicated that the tropics
really did not participate in the cooling of the
last glacial stage. On the other hand, the ice core
evidence indicate that the tropics did participate
and experienced much colder conditions than has
previously been thought. In other words, we have
undergone a paradigm shift in the scientific com-
munity.

Now, I want to look at the Holocene, or more recent
part of the record. You know that the Holocene has not
gotten its due in the climate community. I think we've
been fixated on what the Last Glacial Stage was like and
what was the nature of the termination. In reality, the
Holocene is that period in history when humans pretty
much developed to their current stage. I think we should
be interested in what the climate of that time was like
on a regional basis. Until recently, the climate variabil-
ity in the Holocene has been considered rather small
and uninteresting. That really is not the case. There
were very warm conditions of the early Holocene con-
tinuing until about 5000 years ago, and since that time
the climate has cooled. Actually, the Holocene record
in Peru is similar to what we see in the polar ice sheets.

In the next part of my talk I want to focus on climate
variability of the last half of the Holocene. In 1987 we
went out to a remote site on the east Antarctic Plateau,
near a place that's called the Pole of Relative Inaccessi-
bility. It's called that because it is the point, in the inte-
rior of the continent, that is the farthest from the coast
in all directions. We had a six member team out at Pla-
teau Remote for 21 days. Now I'll focus on the last 4000

years of the climate history of the east Antarctic Pla-
teau. We're just using the oxygen isotope records (Fig-
ure 5). Between 2500 and 4000 years conditions were
relatively warm, but they were interrupted by a very
strong cool phase around 2000 years ago. This was fol-
lowed by a warming, and in the last 1000 years, condi-
tions have been relatively cool. If we put our record,
Plateau Remote, against a composite six other Antarc-
tic ice cores (none of which were analyzed in high reso-
lution) we see that the Plateau Remote core reveals sub-
stantial variability over the last 4000 years.

Figure 5
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I should have mentioned that we analyzed the Pla-
teau Remote core such that we had an average of one
sample per year. That's why it took us awhile to get the
record out. Oftentimes, in these long cores, they may
take one sample every meter. The problem with that
approach is you lose a lot of the detail. Note the similar-
ity of the records but that the Plateau Remote core pro-
vides so much more detail. The other cores tell us it
was warmer here and cooler there, but we really don't
get a good sense of the magnitude of the fluctuations.
The record shows that between 2800 and 2200 yr. B.P.,
there is an isotopic ratios shift of about 5 parts per mil.
And what did I tell you earlier? Between glacial and in-
terglacial conditions in both the polar and tropical ice
cores, this shift is on the order of about 6 parts per mil.
We have about a 5 part per mil here in the latter part of
the Holocene. The primary difference is that these shifts
are very short lived. We're only talking about 1500 years.
These records indicate much more short-term climate
variability over Antarctica than we have recognized from
previous (lower resolution) ice cores. The implication
is that we have a fairly unstable climate. There's no stable
baseline.

What I'm trying to demonstrate is, that even in a
place like Antarctica, where most people think that cli-
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mate will change very slowly, the climate vari- Figure 7
ability can be large. It's easy for me to sell to you
the idea that the climate over Tibet will change
quickly or that the climate in the midwestern U.S.
will change fairly quickly, but it is much harder
for me to sell you the idea that, in the middle of a
polar ice sheet the size of United States and
Mexico combined, we get climate variations on
the order of decades and large-scale swings on
the order of centuries. These core results change
the way we look at our climate system.

Finally I want to pull all this together. I've
shown you the results from different ice core drill-
ing projects and now I will show a collection of
records in an attempt to put the 20th century
within a 4000-year perspective. Now I am using
numerous ice core records that are available, not
just the work of the OSU research group. In Fig-
ure 6 we have plotted the last 4000 years in a sequence
of diagrams. For example, we see some substantial dif-
ferences between the Guliya and Dunde records which
are located on opposite sides of the Tibetan Plateau. The
cautionary note here is that you cannot use one single
record to reconstruct a global record. You can't even
use a single record to reconstruct a large regional record.
You must have enough records to have good spatial cov-
erage The second point I think is evident is that in the
last few centuries, it's been warmer, except that we don't
see much warming in the Antarctic. In this diagram,
the Plateau Remote record is compared to that from
Greenland and in the last 1000 years or so, conditions
have been relatively cool in the polar regions. So there
is little evidence (from the polar ice sheets) of 20th cen-
tury warming.

Now, let me wrap up the talk by pointing out some-
thing that I said at the beginning and that is, we're los-
ing ice on the planet. Now unfortunately, when I say
that everyone starts thinking "Well, the Antarctic ice
Figure 6
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sheet is losing mass or that the Greenland ice sheet is
losing mass. The bottom line is, we don't know what
the Antarctic and Greenland ice sheets are doing be-
cause making mass balance estimates of such large ice
sheets is a tremendous scientific undertaking. However,
we do know that ice caps and glaciers around the world,
outside of the polar regions, are disappearing at a very
fast pace. Figure 7 shows the areas on the Earth where
extensive ice fields exist and the colors indicate whether
they are growing or retreating. We have retreat every-
where except one little spot up in Norway and Sweden
and we have question marks over the polar ice sheet
because we really don't know what's happening there. I
haven't just drawn retreat dots indiscriminately. These
are all based upon published literature.

Recently, we've heard about the breakup of some of
the ice shelves in the Antarctic. It is important to real-
ize that these are the floating ice shelves such as the
Larson and the Wordie. They don't contribute substan-
tially to sea level change. They may, however, be indica-

tive of some change in the environmental sys-
tem. The Wordie, located on the western side of
Antarctic Peninsula, has gone from 2000 square
kilometers in 1936 to about 400 square kilome-
ters in 1992. In 1989 we drilled an ice core on
the highest part of the Antarctic Peninsula right
in the middle between the tip and the base at a
place called the Dyer Plateau. The oxygen isoto-
pic record for the last 500 years shows that in
the last forty years, it has been unusually warm.
If we look back through the isotopic record, there
are times of warmth, but these were not sustained
over four to five decades as has been the persis-
tent warming since 1940. Thus, our ice cores are
recording the same changes that the British Ant-
arctic Survey has observed by the mapping of the
Wordie Ice Shelfa very strong, persistent
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warming in the Antarctic Peninsula region since the
1940s.

To provide more striking evidence of the retreat of
these ice fields, there is a little outlet glacier called Qori
Kalis on the margin of the Quelccaya ice cap in Peru.
This has been mapped since 1963. The rate of retreat is
accelerating. Between about 1963-1978, it retreated at
about four meters a year, but now Qori Kalis is retreat-
ing at 30 meters a year. This change is also recorded in
the oxygen isotopic record on Quelccaya. In 1991, we
went back and drilled another core at the same location
as a 1976 core. The oxygen isotopic record which had
beautifully preserved seasonality in 1976 had been vir-
tually obliterated by 1991 because of the percolation of
meltwater through the firn. Also, the average isotopic
value is now two parts per mil more enriched, that is a
change from -19.5 to -17.5. So again, the ice cores are
telling us exactly what we observe in the environment
today. That is, that we have substantial warming in this
area and significant ice retreat. This is not happening
just on Quelccaya. It's happening virtually on all tropi-
cal and subtropical ice fields.

If we look at the radiosonde data between 60 degrees
north and 60 degrees south you see that the greatest
warming is not occurring at the Earth's surface, but it
is occurring between two to four kilometers in the at-
mosphere primarily in the subtopics. Remember that
Quelccaya sits right in this region at about five kilome-
ters elevation. The freezing level, or the zero degree iso-
therm, in the atmosphere is increasing in elevation, and
since 1979 it has increased about four and one half
meters per year. There's evidence of increased warm-
ing, not where we're measuring at the surface, but in
the atmosphere. Many scientists think that what we're
seeing here is an intensification of the hydrologic cycle.
What's the most powerful greenhouse gas? I know, you
like to trick your students and they will say carbon di-
oxide and you get to tell them, no, it's water vapor. An
intensified hydrologic cycle will put more water vapor
into the atmosphere. We think that's what we're seeing
now. These ice fields are just our indicators of this
change that's occurring in our system.

What factors are contributing to sea level rise? It's
unknown how much Antarctica and Greenland are con-
tributing, but we know that about 25% of it is due to
the thermal expansion of the ocean due to the warmer
temperatures of this century. About another 25% is due
to melting of ice outside the polar regions.

To summarize...almost every ice covered area out-
side the polar regions is experiencing a reduction in ice
cover. From the oxygen isotopic ratio we do not see
strong evidence of 20th Century warming in the ice core
records of the polar regions. Quelccaya and Dunde show
that the 20th Century warming is unique and Huascarán
and Guliya reveal that the 20th Century has been very
warm but not uniquely warm. In other words, as is usual
with science, you don't get a clear, single right answer.

What we are dealing with is a very complex system. This
is like asking 10 weather stations across the globe to
tell us how the climate of the Earth has changed over
that time period. What you are getting from the ice cores
are long, detailed records that, of course, are from se-
lective locations as ice doesn't occur everywhere. That's
why we work in'an integrated fashion with the other
paleoclimatologists who collect sediments from the
lakes, or histories from tree rings, and we work with
the people who get high resolution ocean records. It's
very much a community effort, a very integrated sci-
ence.

Finally, as a geographer I've become more and more
interested in the interaction between humankind and
the environment. Let me just point out the regions of
the Earth between 30 degrees north and 30 degrees
south. That's fifty percent of Earth's surface area where
about two-thirds of the people on Earth live. We all know
that agriculturally it's a very depressed part of Earth.
They only grow about twenty percent of the world's ag-
ricultural products. In other words, it is the part of the
world that has a difficult time feeding itself. We know
that water resources are quite an important issue for
the tropics and the subtopics. And yet, what have I just
shown you? I've shown you that the regions are losing
their major water reservoirs. Thus, we are losing these
permanent ice fields where water can be stored during
the wet season and can be released during the dry sea-
son to produce hydroelectric power and provide fresh
water. If you superimpose upon that, the third fact
that eighty percent of the people who will be added to
the planet in the next century will be added to that area,
you can see that, in reality, water will probably be a more
legislated entity than oil in the next century.

So the ice core evidence shows very clearly that right
now we have a substantial warming at high elevations
in the tropic and subtopics. I can't tell you whether it's
anthropogenically driven, but we can use the ice cores
to look back through time to determine whether this
20th century warming is unique. We see that certainly
in some places it is and in others it is not.
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The primary portions of the conference were con-
ducted in a unique format that allowed for a greater
amount of interaction between the presenters and the
participants than is typically available in the more stan-
dard format of 15-20 minute oral presentations. The
format of "interactive poster sessions" seemed to pro-
vide the opportunity of more informal discussions, and
also ameliorated communication concerns stemming
from the variety of languages represented.

Interactive Poster Sessions were organized by the
Program Committee based on topics of the submitted
abstracts. One day's Theme was divided into two morn-
ing Sessions on college/university applications of the
Theme, and two afternoon Sessions addressing its K-12
aspects. Within each Session, 10-12 poster presentations
were assembled.

Interactive Poster Sessions had four major compo-
nents that occurred within a half-day time period:

1. A short overview of the 10 to 12 presentations in the
session was chaired by the session Coordinator. The
Coordinator explained what the presentations had
in common to group them into the session, and how
the group would be divided for discussion groups in
Step 4 below.

2. This was followed by an oral presentation by each of
the poster session authors. Each presentation was
limited to three minutes, just enough to inform the
participants what would be available at each station.

3. Following the oral presentations was a period of
about one hour in which each presenter was at her/
his own poster. This allowed time for each presenter
to talk individually or with small groups of the audi-
ence interested in the topic of the particular project
or idea.

4. Concluding each theme session was a series of group
discussions. The presenters and the audience for a
particular theme session divided into three smaller
groups for discussions on the posters in the session
and other topics in geoscience education. Discus-
sion groups were led by Moderators who developed
summary reports from their respective sessions.
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Presentations in this session demonstrated how colleges and universities work with partners in gov-

ernment science and geoscience agencies and with professional societies, to develop approaches to sci-

ence literacy. Included were descriptions of new courses and curricula for higher education, and pro-

grams for teacher enhancement at the K-12 level. Several examples of collaboration among diverse col-

leges and universities were identified and provided models adaptable to many world situations. Learning

about the Earth as a system will increase opportunities for scientists' interaction as well as for educational

collaboration in the next millennium.

An Environmental Studies Approach to
Science Education in Grades 7-12.
George C. Flowers and Norma D. Felton, Department of

Geology, Tulane University, New Orleans, LA 70118 USA.

Over the last five years, the Louisiana Systemic Ini-
tiatives Program (LaSIP) and Tulane University have
trained over 120 teachers in grades 7-12 to use local
environmental issues in reforming science education
in their schools. LaSIP is an NSF-funded program to
implement recommendations given in the AAAS report
Project 2061 to increase scientific literacy among the
general public. The workshop is based on the premise
that for science education reform to be successful teach-
ers need to have at their disposal the latest techniques
in pedagogy plus a thorough grounding in science con-
tent. Training was provided in month-long summer
workshops that brought together scientists working on
interdisciplinary environmental problems and second-
ary school teachers. Content focused on environmental
problems of special importance to the New Orleans area
including: (1) coastal erosion and the destruction of
wetland habitats; (2) toxicity of organic chemicals and
heavy metals in plants and animals; (3) urban runoff
and its effect on Lake Pontchartrain; (4) effects of hur-
ricanes on estuaries; (5) freshwater diversion and dredg-

ing in estuaries; (6) waste-water treatment technologies;
and (7) environmental impact of flood control.

The pedagogical component was taught by project
staff with a special emphasis on modeling teaching meth-
odology consistent with the science education reform
movement. Topics covered in detail include cooperative
learning, alternative assessment, inquiry-based learn-
ing, selective abandonment of detail, and in-depth cov-
erage of concepts. One of the major thrusts of the Tulane-
LaSIP project was cooperative learning, including Stu-
dent Team Achievement Divisions (STAD), Teams-
Games-Tournaments (TGT), Jigsaw II, Team Word Web-
bing, Think-Pair-Share, and simulations. The workshop
also exposed participants to a variety of alternative as-
sessments, including concept mapping, problem analy-
sis, simulations, journals, position papers, and portfo-
lios. Although some teachers have been more creative
and experimental with their assessment techniques than
others, the fact that every participant planned to use
alternative assessments indicates a fundamental shift in
philosophy. Teachers were required to develop a Site
Action Plan, which details how each participant will seek
to implement content and methodology learned in the
workshop. Follow-up visits by the Site Coordinator, a
master teacher who acts as liaison with the local school
system, indicate widespread use and sharing of meth-
ods with their colleagues.
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Making Connections.
Beverly T. Lynds, Project Sky Math, University

Corporation for Atmospheric Research, P.O. Box 3000,

Boulder, CO 80307-3000 USA.

The University Corporation for Atmospheric Research
(UCAR) has developed a program, Project Sky Math, that
integrates science, mathematics, and technology in a
middle school (grades 5-8) mathematics module, Mak-
ing Mathematical Connections: Using the Science and
Language of Patterns to Explore Temperature, based on
the content standards of the National Council of Teach-
ers of Mathematics (NCTM). We have found that when
used in a classroom, the Sky Math module has encour-
aged in-school teacher collaboration, connecting science,
mathematics, and technology teachers. However, the
most interesting connections UCAR is trying to establish
are those between middle school teachers and university
faculty. UCAR universities (62 research intensive univer-
sities having Ph.D. granting programs in the Atmospheric
Sciences) are beginning a program to introduce the
Sky Math module into their undergraduate courses that
serve future middle school teachers. Earth Science De-
partments , interested in diversifying their offerings, have
expressed interest in focusing one section on future K-
12 teachers. The SkyMath module fits well into such a
section and provides the future teachers with content that
could be taken directly to the classroom. University sci-
entists are also building connections to their education
departments and are learning the teaching styles of the
new pedagogy, implementing them in their undergradu-
ate courses, and offering their scientific expertise as a
backup to the SkyMath module. Faculty and undergradu-
ate students are serving as resources to the local middle
schools in a collaborative effort to support mathematics
teachers in the implementation of the SkyMath module.

Following a similar pattern, the Universities affiliated
with NASMs Minority University-Space Interdisciplinary
Network (MU-SPIN) are connecting with local middle
schools and encouraging them to introduce SkyMath into
their curriculum. Seven minority universities have taken
on the responsibility for building and maintaining
Internet connectivity to minority institutions and pre-
dominantly minority-attended elementary and second-
ary schools in their areas. The SkyMath module provides
math-content for the schools coming on-line and con-
nects technology, science and mathematics in the cur-
riculum.

The SkyMath module is freely available for download-
ing from the SkyMath homepage:

httplIwww.unidata.ucaredulstaffIblynds1Skymath.
html.

The Effectiveness of Constructivist
Hands-On Instruction in a University.
Earth Science Course.
Ann Bykerk-Kauffman and Jane Kerlinger, Department
of Geosciences, and Bonnie J. Johnson, California
State University-Chico, Chico, CA 95929-0205 USA.

In order to test the effectiveness of constructivist
teaching at the university level, we compared two sec-
tions of the same earth science course for prospective
teachers. In the control (traditional) section, new con-
cepts were introduced through lectures and videotapes;
hands-on activities consisted primarily of skill-building
exercises; faculty responded to student questions with
explanations; grades were based exclusively on test
scores; and students did no class presentations. In the
experimental (constructivist) section, new concepts were
introduced through guided-discovery hands-on activi-
ties; students engaged in small-group discussions of the
meaning behind these activities and presented their in-
terpretations to the class; faculty responded to student
questions with leading questions; lectures served pri-
marily to reinforce concepts previously encountered in
lab; and only 30% of the course grade was based on test
scoresthe rest was based on attendance, short papers,
a moon-observation project, and a final project in which
students designed their own constructivist lessons and
led the class through them.

We used pre- and post-course essay exams to test
the students' understanding of six key topics (rock cycle,
convection, seasons, phases of the moon, clouds, and
wind). The two groups began the course with similarly
low levels of understanding, but at the end of the course
the experimental group displayed a better understand-
ing of all six topics (on a 5-point scale, the experimental
group averaged 2.8; the control group averaged 1.7).
However, students' perceptions of the quality of their
learning were reversed: on average, the students in the
control group liked earth science better, were more ex-
cited about teaching it to children and felt more confi-
dent in their ability to do so.

Thus the constructivist teaching methods were more
effective than were the traditional teaching methods.
But many students felt uncomfortable in the
constructivist classroom, probably because it was unfa-
miliar, required a tolerance for ambiguity, demanded a
great deal of critical thinking and shifted authority from
the instructor to the studentsmany students expressed
a strong desire for "answers" even though the "answers"
were provided by fellow students (during group presen-
tations) and by the textbook. We now give students abun-
dant encouragement and praise, and we require students

r
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to complete weekly homework assignments that guide
them through the textbook readings. As a result, stu-
dents now read the textbook more consistently, rarely
express the need for "answers," and feel more confident
and secure.

Earth System Science 1
Opportunities and Challenges in Multi-
disciplinary Earth Science Education.
John T. Snow, College of Geosciences, and Linda L.

Wallace, Department of Botany and Microbiology,
University of Oklahoma, 100 East Boyd Street, Suite 710,

Norman, OK 73019 USA.

Today's university students, both those majoring in
one of the traditional Earth science disciplines and those
taking an Earth science course to meet a general edu-
cation requirement, can benefit greatly from a "systems
perspective" of the functioning of Planet Earth. Such a
perspective provides a framework that aids in the devel-
opment of student understanding by providing context
to disciplinary knowledge and by integrating such
knowledge with that from other disciplines. Tomorrow's
social and political leaders need such a holistic under-
standing of Earth to address pressing environmental
questions, while the next generation of Earth scientists
and professional practitioners need it to participate in
the increasingly crossdisciplinary nature of cutting
edge environmental research.

To provide such educational opportunities, the Na-
tional Aeronautics and Space Administration, through
the Universities Space Research Association, has under-
taken a multiyear effort to nurture development of
Earth System Science courses at universities nation-
wide. Efforts to offer such Earth System courses, in-
clude one at Purdue University, and, most recently, at
The University of Oklahoma, under the sponsorship of
this NASA/USRA initiative. In both cases, the offerings
are a lower division introductory course and an upper
division/beginning graduate course.

Experiences to date suggest that such courses are
best team taught, with an Earth scientist and a Life sci-
entist as team coleaders. Team members should rep-
resent the full range of the Earth sciencesgeology,
meteorology, oceanographyand the Life Sciences, and
should be committed to working together to provide a
seamless presentation to the students. This last is both
a challenge and an opportunity. There are surprising
(valuable) differences in perspective about common
subjects, for example, it is instructive to hear a geolo-

gist, a meteorologist, an oceanographer, and a biologist
each describe the hydrologic cycle!

In the two offerings, extensive classroom and labo-
ratory use is made of toy models constructed using
STELLA (High Performance Systems) modeling soft-
ware. These toy models have proven to be very effective
in illustrating the dynamic, nonlinear nature of the
Earth System.

Student feedback obtained through examinations,
surveys, and informal discussion indicates that they
enjoy seeing interconnections between disciplines and
learning where gaps exist in current knowledge. This
points out to them areas in which they may become
personally involved with their own studies in the fu-
ture. Indeed, the students report being sufficiently in-
tellectually stimulated that they want additional indi-
vidual research opportunities built into the course
structure.
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Earth System Science 2Laboratory
Models for Exploring Earth's Climate
System.

John T. Snow, College of Geosciences, John D.
Ensworth, School of Meteorology, and Thomas A.
Dewers, School of Geology and Geophysics, University

of Oklahoma, 100 East Boyd Street., Suite 710, Norman,

OK 73019 USA.

We report on the development and educational use
of a suite of "toy" numerical models of major compo-
nents of Earth's Climate System. The basic models ad-
dress the 1) global hydrologic cycle, 2) the global car-
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bon cycle, and 3) Earth's surfaceatmosphere energy
flow. These models have been developed for use by gen-
eral education students in a lowerdivision undergradu-
ate introductory course in Earth System Science. More
advanced models include 1) a coupled energy balance/
water cycle model, 2) a coupled carbon/oxygen cycle
model, and 3) a realization of Watson and Lovelock's
"Daisy World." These advanced models serve as demon-
strations in the introductory course, and as prototypes
for further development and extension in a capstone
course in Earth Systems Science for upper division un-
dergraduates and beginning graduate students in the
geoscience, science, and engineering disciplines. These
models have been realized using the STELLA (High
Performance Systems) software as selfcontained exer-
cises intended to be completed during one or two three
hour laboratory periods. The approach has been to shift
the role of the instructor from "learned sage" to "con-
structor of the learning environment" and "collabora-
tor in exploration." The STELLA threelevel structur-
ingmapping layer, modeling layer, programming layer
allows the novice user to focus on model operation and
output, and not be overwhelmed with computational
details. The ability to embed discussions within model
elements provides "justintime" answers to student
questions and promotes student understanding of model
function and behavior. While even the advanced mod-
els have been, by necessity, simplified so that their be-
havior is not always realistic in terms of dynamics or
final output, this is not necessarily "bad" in terms of
pedagogy. Lower division undergraduates benefit from
identifying nonphysical behavior and then determining
what additional information would be needed and where
it might fit into the model structure to make the simu-
lations more realistic. For advanced students, this pre-
sents opportunities to "improve" the simulations by
actually introducing modifications to model
parameterizations and structure.

Student feedback regarding this instructional ap-
proach has been positive, albeit accompanied by many
suggestions for improvement of the studentmodel in-
terface and demands for greater interactivity. We are
exploring accommodating the latter through STELLA's
"flight simulator" mode of operation.

Nebraska Earth Science Education
Network: Connecting University
Resources and Earth Science
Educators.
D.C. Gosselin, D.R. Mohlman, S.J. Meyer, M.A. Mesarch

and B.P. Lang, Conservation and Survey Division,
University of Nebraska-Lincoln, 113 NH, Lincoln, NE

68588-0517 USA.

A key component to any sustainable reform of sci-
ence education will be improving communication be-
tween scientists and K-12 educators. Officially estab-
lished in January 1993 by the Conservation and Survey
Division, NESEN is a mechanism for encouraging co-
operative partnerships and improving communication
among earth scientists, science educators, and students.
Through the efforts of many individuals, and particu-
larly K-12 teachers on our steering committee, NESEN
has expanded interest in earth science education across
the state. K-12 earth science educators consider NESEN
an important resource for earth science information.
As of December 1996, NESEN membership was more
than 370, a 33% increase from the previous year.

The word network implies the use of electronic me-
dia to link educators, but NESEN is about people work-
ing with people and using multiple strategies to improve
earth science education. The strategies employed to
deliver timely and relevant earth science information
to the K 12 community include:
1) participating in current professional development

activities with emphasis on the Nebraska Association
of Teachers of Science (NATS) annual meeting;

2) conducting summer workshops on earth science top-
ics selected based on teacher interest surveys. These
workshops integrate scientific expertise, hands-on
experiences and the teacher's ability to translate in-
formation into lesson plans;

3) enhancing statewide communication by providing
electronic connectivity, computers, and other logis-
tical support for eight pilot site schools through a
grant from NASA;

4) establishing video tape/CD-ROM lending library; and

5) making available materials and activities in a variety
of formats that range from a lesson plan share-a-thon
at NATS to a quarterly newsletter to the NESEN
homepage (http Inesen.unLedulnesen.html). In our
continuing effort to be inclusive we published our
third annual Resources Guide and Membership Di-
rectory to give those who do not have access to the
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World Wide Web the opportunity to obtain informa-
tion in a more traditional format.
To expand the diversity of our activities, especially

in the area of climate/environmental variability and
earth systems science, stronger working relationships
have developed with the UNL's Department of Agricul-
tural Meteorology and Teacher's College, as well as the
U.S. Department of Energy's Great Plains Regional Cen-

ter for Global Environmental Change. As a result, thirty
schools have become involved with the Students and
Teachers Exchanging Information and Ideas (STEDII)
project, which has students actively collecting, inter-
preting, and exchanging weather data via the Internet.

Although the NESEN outreach concept has had an
impact, there is more to be accomplished. The keys to

our continued success will be improving communica-
tion with pre-service educators, promoting coevolving
curriculum, and creating access to classroom-ready in-
formation and data that teachers and students can use
to investigate their local earth systems.

Earth 2: An Earth Systems Science
Course for Non-Science Majors at
Penn State.
John R. Ousey, Jr., Penn StateDelaware County

Campus, 25 Yearsley Mill Road, Media, PA 19063 USA.

Penn State University is the site of an NSF-funded
Earth System Science Center. Early in the process of
establishing the Center it was decided to develop an
Earth Systems Science course oriented to the non-sci-
ence major. The course is intended to provide these stu-
dents with the flavor and excitement of this integrated
approach to investigating earth processes. An interde-
partmental course development committee agreed on
basic themes for the course which have been modified
over the past few years to suit the instructional experi-
ence encountered.

The course starts with global change topics and es-
tablishes the need for a multidisciplinary assessment of
the problems. This is followed by an introduction to the
systems approach where Lovelock's Daisyworld analogy
is introduced along with other simplified models. In
section two, the course focuses on the mechanics of the
Earth System looking first at the driving force, then the
circulatory system (air and water) responses. The role
of Plate Tectonics, Ecosystems, and the Carbon Cycle
interacting with the circulatory systems and each other
concludes the section on mechanics.

The third section of the course shifts to the origin
and evolution of the Earth System looking at climate
regulation (long and short term feedback controls), and
the evolution of life with subsequent impact on the at-
mosphere and oceans. This section concludes with the
role of biodiversity in sustaining the stability of the Earth

System.
The final section of the course delves into the future

of the Earth System by referring back to the global
change topics introduced at the beginning. Computer
simulation is introduced to consider the effect of an-
thropogenic perturbations on the carbon cycle, ozone
levels, and biodiversity. The course concludes with a
consideration of possible futures and potential solutions
to some of the problems.

The Deasy Geographics Lab in the Department of
Geography of Penn State has developed many computer-
based instructional materials for the course including
static and animated graphics, and interactive modeling.
These resources are available through the Internet at:
http:11www.gis.psu.edulEarth2HTMLIE2Top.html

Integrating Employment-Skills Training

and Career Development into UK

Geosciences Degree Courses.
Neil Thomas and Barney Perkins, UK Earth Science

Personal and Career Development Network, School of

Geological Sciences, Kingston University, Penrhyn

Road, Kingston-upon-Thames, Surrey KTI 2EE UNITED

KINGDOM

In the current, intensely-competitive graduate em-
ployment market, academic qualifications are becom-
ing less important as a passport to a job and subsequent
career. Employers are placing increased emphasis on
recruiting graduates with well developed transferable
skills such as communication, time management, team-
work, an innovative approach to problem solving and
task and career management. Consequently, we as edu-
cation providers have a duty to include training and
opportunities for students to develop such competen-
cies as part of degree curricula. For some academics,
this represents a daunting and unwelcome change. The
combination of employer requirements and this aca-
demic discomfort provided the perfect formula for the
establishment of a national body designed to facilitate
the smooth integration of transferable skills training
and tailored career guidance and development into
higher education (HE) curricula at UK Geosciences de-
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partments. Such a body has been established through
provision of government funding and is called the "UK
Earth Sciences Personal and Career Development Net-
work." The network includes representatives from all
50 Earth Sciences HE departments in the UK, usually
directors of teaching, curriculum developers, career
advisors, and staff with interests in teaching and learn-
ing. The network has a three-layer structure: Layer 1
comprises the core partners, a team of Geoscientists
from five UK Universities with a well-established track
record of developing personal and career development
initiatives and integrating them within the undergradu-
ate curriculum. Layers 2 and 3 are represented, respec-
tively, by individuals who are active in personal and ca-
reer development largely from interest and those who
are interested but have little or no experience. The net-
work aims are:

to establish and maintain a national forum dedicated
to the discussion and dissemination of best practice
in the field of personal and career development in
the Earth Sciences;

to develop appropriate mechanisms to ensure the
long term integration of personal and career devel-
opment within the curriculum.
One of the first major tasks of the network was to
complete an audit of national personal and career
development activities in the Earth Sciences and
compile a portfolio which could be disseminated for
use by any HE department.

This presentation detailed:

The "top-ten" transferable skills that Geosciences
educators, careers advisors and employers consider
to be an essential part of a graduate's profile and
hence an essential ingredient in any undergraduate
training;

The audit results illustrating mechanisms used by
HE departments to integrate personal and career
development into the curriculum;
An evaluation of how these results have been used
in curriculum development by other institutions.
The future aims and scope of the network were de-

tailed and an analysis of the fundamental importance of
the network in the future education provision for Geo-
sciences in the UK was outlined.

,,ZTrOING" ,,,N111...42., AMIIIKE1.11111.egmeramiVMAIIM

The Earth and Space Science
Technological Education Project
(ESSTEP).

Edward D. Geary, Geological Society of America,
Boulder, CO 80301 USA. Dorothy L. Stout, Cypress

Community College, Cypress, CA 90630 USA and Paul

Dusenbery, Space Science Institute, Boulder, CO 80303
USA.

In the earth and space sciences, access to and effec-
tive use of computer, information, and remote sensing
technologies are critical for students considering tech-
nical careers in environmental, natural hazards, land-
use planning, and resource development fields. Cur-
rently, most secondary and undergraduate students do
not have adequate exposure to or experience with these
technologies. A decade ago, this problem could be at-
tributed to inadequate equipment, facilities, and faculty
professional development. Today, student access to good
equipment and facilities has increased significantly, but
faculty professional development remains a serious bar-
rier to student understanding and use of these tech-
nologies. To increase the number of classrooms in which
students have access to and the ability to use techno-
logical tools to investigate and solve real problems the
Geological Society of America, Cypress Community
College, and the Space Science Institute have created
the Earth and Space Science Technological Education
Project (ESSTEP).

ESSTEP is a faculty professional development
project funded in part by a grant from the National
Science Foundation. The primary goal of ESSTEP is
to assist faculty in grades 8-14 with the effective inte-
gration of relevant educational technologies into their
earth and space science curricula. ESSTEP brings to-
gether faculty from two- and four-year undergraduate
institutions and secondary schools, with professional
societies, businesses, and government agencies in a
partnership that provides faculty with: (1) hands-on
experience in state-of-the-art data acquisition, manipu-
lation, and presentation technologies for the earth and
space sciences, (2) innovative strategies for using tech-
nology in classrooms and laboratories, (3) internship
opportunities in earth and space science technology
fields, and (4) improved access to a wide-variety of tech-
nology-based education resources. More specifically,
ESSTEP is assisting faculty to explore ways that tech-
nologies such as the Internet, Geographical Informa-
tion Systems, Global Positioning Systems, multime-
dia, image processing, virtual reality, and three-dimen-
sional modeling can be used to enhance student learn-
ing, promote science and technology careers, and cata-
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lyze the development of new courses and materials.
Through earth and space science technology training
institutes and a World Wide Web site, ESSTEP will di-
rectly serve 120 faculty during the next four years.
These faculty will in turn provide inservice opportuni-
ties for an additional 1200 to 1500 faculty.

A Degree in Geochemistry: An
Innovation for the Training of
Professionals in the Area of Earth
Science at the Universidad Central de
Venezuela.
R. Fernandez, M. Martinez, W. Melendez, J. Torres, and

C. Yanes, Universidad Central de Venezuela, Instituto de

Ciencias de la Tierra, and J. Riestra, CENAMEC,

Caracas, VENEZUELA.

Venezuelan economy is based on oil industry and
mining and those areas demand a great number of pro-
fessionals related to Earth Sciences. These profession-
als' working areas are interdisciplinary now more than
ever; thus the help of various disciplines is needed to
solve problems and to produce efficient answers. On the
other hand, intensive exploitation of soil and undersoil
resources and also the processing of raw materials cre-
ates high risk situations related to environmental pol-
lution that should be minimized or solved by profes-
sionals who have an interdisciplinary and systematic
view and are trained for sustainable development. At
the Universidad Central de Venezuela, the Faculty of
Science and the Faculty of Engineering (Geology) in a
collaborative effort have been offering a geochemistry

optional degree within the Chemistry School by the end
of the career. This option allows students to acquire sci-
entific knowledge related to geological materials, their
composition and generating processes. Besides, this
knowledge has a very high priority for economic devel-
opment. This option deals also with situations related
to agricultural activities, urbanization, use of water ba-
sins and other similar ones. The option has been very
successful because during the period 1974-1992, 251
students have taken it and 145 have done their special
research thesis on a geochemistry theme.

The need for geochemistry professionals has been
established based on demands from employers. For that
reason a university degree in Geochemistry has been
offered since September 1996 at the UCV. The career
has the following features:
1) Courses will make emphasis on basic knowledge of

geology, chemistry and geochemistry with the assis-
tance from Math and Physics. It is understood that
this will provide a basic training, solid and at the same
time flexible, trying to avoid less relevant, repetitive
or highly specialized knowledge.

2) The more applied subjects will be offered by the end
of the career. In this way a student can be employed
as a geologist, chemist or geochemist assistant after
she/he has accomplished the sixth semester. This will
offer an intermediate degree within the career frame-
work.

3) The scientific and technical knowledge will go along
with general knowledge of oral and writing skills, En-
glish, computer technology associated to geology,
economy and social subjects which will provide stu-
dents with the necessary skills to fulfill their jobs with
a social consciousness approach.

4) The special research thesis will be developed with two
semesters of seminars by the end of the career. Stu-
dents will be trained on information sources, and how
to design, develop, present and discuss a geochemis-
try research project. It will be done this way in order
to avoid one of the strongest reasons for a long study
time (more than 10 semesters) at the university.

5) As a complement, graduated students could take a
geochemistry postgraduate course at the ICT (Earth
Science Institute) which is the oldest postgraduate
course in the country and the first in Latin America.
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Scientists, Educators, Students, NASA
and Other Agencies Working Together
to Develop Educational Products:
What an Excellent Idea!
Carla Evans, Blanche Meeson and Becky Farr, NASA GSFC

Distributed Active Archive Center, NASA Goddard Space
Flight Center, Code 902, Greenbelt, MD 20771, USA.

How do you start? The Goddard DAAC is one of eight
data centers for the NASA Mission to Planet Earth
(MTPE) program that stores and distributes data for-
merly just to the Earth Observing System (EOS) re-
searchers. Recently we have expanded our customer base
from 114 science users in December of 1994 to 29,291
by June 1996. This was accomplished by expanding our
product line to address the needs of high school, under-
graduate and graduate education while creating new
products for our scientific users. The amount of data
files distributed increased from 1,102 for 1994 to over
60 million in 1995. We started by implementing the fol-
lowing ideas on how to share our data with other scien-
tists, educators, and students:

advertise

understand needs, constraints & behaviors of our
potential new customers

actively solicit input on uses, needs, & value

work with educators through summer internships
attend our customer's workshops (education, sci-
ence, & application)

contribute data and information to workshops for
teachers

work with students (high school and college)

work with educators to develop curriculum for our data

involve educators in our educational product design
& development

have educators test and evaluate our products

develop and collect metrics to chart the effective-
ness of our products

form partnerships with scientists, other agencies,
educators, and students

get involved with reform for Earth science education

start a volunteer program

Recently NASA has realized that the public, educa-
tors and some Earth scientists know very little about
efforts to study our own planet. NASA is well known for
space exploration but not for the MTPE program. Sci-
entists are usually busy writing proposals and finishing

up research on one project while starting the next. They
realize the need to do outreach but need help to be able
to provide information that can be understood by the
non-scientific community.

Our approach to developing educational products
containing MTPE data includes enabling scientists to
contribute existing information and graphics for use in
the classroom, working with educators to help design,
review, and evaluate the products, and forming part-
nerships with other organizations. This reduces costs,
maximizes resources, enhances productivity, improves
product quality, and enables innovative products and
product uses.

SOME OF THE EDUCATIONAL PRODUCTS COMPLETED:

Goddard DAAC Data Starter Kits, Image Browser, Ocean-
ography from the Space Shuttle

PRODUCTS IN PROGRESS/EXPECTED COMPLETION:

Goddard DAAC Earth Science Educational Series
TOMS dataGlobal Stratospheric Ozone/August 1997
AVHRR NDVI dataGlobal Land Cover/December 1997
CZCS dataOcean Plant Concentration/March 1998
Geomorphology from Space/Summer 1997

Exploring U.S. National Parks from Space/Proposed
project

TEACHER TRAINING WORKSHOPS AND CURRICULUM DEVEL-

OPMENT CONTRIBUTED TO:

Maury Project (K-12), Discover Earth (K-12), Earth Sys-
tem Science Education (college)

INTERNSHIP PROGRAMS FOR EDUCATORS, TEACHERS IN
TRAINING AND COLLEGE STUDENTS:

MSGC Maryland Space Grant Internship for Teachers,
1995, 1996

MCTP Maryland Collaborative for Teacher Preparation,
1995, 1996

NASA GSFC Teacher Intern Program, 1996
NASA Space Grant Academy Program, 1996
FRSO Fellowship in Remote Sensing of the Oceans,

1996

ADDITIONAL PARTNERSHIPS:

JPL Data Distribution Lab
Scientists at NASA and Goddard Space Flight Center
U.S. National Park Service
Researchers at Universities
Visit our Web site to find out more about our data and
products! http:1 Idaac.gsfc.nasa.govl
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Geoscience Education in Higher
Technical Institutes: Indian
Perspective.
D.K. Paul, Indian School of Mines, Dhanbad, INDIA.

Traditionally Geoscience has been concerned with
the accessible components of the solid earth and more
specifically with the exploitation of the terrestrial re-
sources. More emphasis is now on the processes that
operate and affect life on the planet. It has become im-
perative that the earth's processes are understood glo-
bally but applied locally.

Geoscience application has expanded beyond the
mineral industry. Earth Scientists must assume roles
outside traditional fields. To be useful to society, Earth
Scientists have to address the requirements of ever grow-
ing needs of humanity for food, energy, habitation, en-
suring that the environment is not affected.

Recent devastating earthquakes, cyclones, floods
causing heavy loss of life make it necessary to under-
stand the reasons and seek the remedies for these ter-
restrial processes. Recent earthquakes in Latur, India
have destroyed the notion that Precambrian Cratons are
stable blocks unaffected by earthquakes. On the posi-
tive side, plate tectonics have opened up the possibility
of generation and recycling of natural resources.

Despite the increasing role of the Earth Sciences,
the direct involvement of Earth Scientists in society has
decreased, resulting in the loss of employment oppor-
tunities.

Earth policy planners and educators therefore have
to play a positive role to chalk out earth science educa-
tion for the 'liventy first century. Those pursuing a vo-
cation involving earth resources (e.g. mining engineers,
petroleum technologists, metallurgists, civil engineers,
etc.) have to be taught the basic principles with empha-
sis on the sociological and economic aspects. The basic
sciences have to be included in the curriculum for the
geoscientists focussing on the upper layers of the Earth
which sustain life and environment. But research in the
traditional fields must continue for the growth and in-
deed for the science to survive.
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Experiential Undergraduate
Geoscience EducationAn Integrated
Approach by the University of Hawai'i
Marine Option Program.
S.D. Maynard, F. McCoy, W.C. Dudley, L.E. Hallacher, D.

Liddicote, K.J. McDermid, B.N. Tissot, J.J. Pye, S.H.
Russell, and J.P. Coney. University of Hawai'i campuses

at Manoa, Hilo, Maui Community College, and
Windward Community College. Presenter McCoy is at
Windward Community College, Marine Option Program,

Kaneohe, Hawai'i 96744 USA.

The University of Hawai'i Marine Option Program
(MOP) provides undergraduates with a spectrum of
ocean-related experiential learning opportunities
throughout the ten-campus, statewide system. At one
level, awareness of the marine environment is provided
through recreational activities such as sailing and
kayaking; short non-credit workshops may introduce
students to coral reef species identification or fish print-
ing; much more substantial workshops are offered for
academic credit in the areas of reef surveying techniques
and maritime archaeology. The program is open to stu-
dents in any field of study who have an interest in the
ocean and the initiative to complement their degree
requirements with an experiential education package.
Students may earn a certificate, analogous to a minor,
by completing a core of 9-12 credits of coursework plus
a research or internship project. Such projects are de-
signed and conducted with the supervision of a mentor
who may be a faculty member, a staff member in a gov-
ernment agency or a non-governmental organization,
or who may be in industry. Geoscience projects have
included beach dynamics, water quality, oceanographic
cruises, nearshore bathymetry, coastal structure inven-
tories, remote sensing, SEM analyses of sediments, his-
torical studies of tsunami marigrams, marine educa-
tion, software design, and geoarchaeology of traditional
Hawai'ian fishponds. In addition to mastering the sub-
ject content of the project, students acquire valuable
transferable skills (e.g. technical writing, time manage-
ment, communication, application of scientific meth-
ods, teamwork, etc.) which better prepare them for
employment or advanced study. Overall, MOP's educa-
tional design provides an alternative learning frame-
work within the university setting which is often more
productive for non-traditional learners and benefits the
didactic learner by testing and reinforcing classroom
concepts.
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Session Summary
prepared by William Hoyt, Theme Session Coordinator.
Discussion leaders for the theme session were Hoyt, Ed
Geary and Beverly Lynds.

William Hoyt

Discussions following this
Theme session focused often
on the mechanisms used by
successful programs to over-
come the barriers that have
faced us all. To assist others it
was suggested that we needed
to identify the barriers to suc-
cessful reform projects. A
long list of those barriers
would include all of the sub-
systems of education that we
work inuniversities, de-
partments within universi-
ties, teaching faculty at the

secondary level, middle school level, elementary level.
How do all those barriers between those groups and
amongst those groups become broken down? One of the
questions that they wanted to be sure we considered
was, what incentives are there for someone to try to go
"beyond the box" (attempt to implement new ideas)?
What incentives are there for a teacher to reach out to
other teachers? For a teacher to reach out to a govern-
ment scientist? A government scientist to reach out to
a teacher? And within the university promotion and ten-
ure system, what incentives are there to help get away
from our little feifdoms in the ivory tower?

The second break out group was very interested in
pursuing the question of how to undertake effective
Earth Systems Science teaching, to investigate the
mechanisms of integration that have been successful
similar to what the first break out group wanted to in-
vestigatebut the big challenge they left for us to pon-
der was how to identify the common processes that can
lead to solutions, not just in the classroom, but in glo-
bal problems. What processes, what habits of mind, what
attitudinal biases do we need to bring to actually ap-
proach solutions to problems? Another comment that
the second break out group had was that "guided dis-
covery" or "directed inquiry" methods in teaching were
very effective, BUT we need to have motivated students
and teachers. If we develop a most incredible descrip-
tion of what is a great program and try to implement
Earth Systems, the students may not be ready. Open-
ness to innovation is a critical element.

The third break out group focused on change in
training university teachersthis may be threatening
to some of us. In particular, they sought ways in which
various countries and universities learned to value
teaching, not just research. Higher education institu-
tions often use models of large universities, and the re-
search model is what is often exclusively used in deci-
sions to hire and promote professors, not their ability
in teaching. Comments from around the world con-
firmed this. A program has been developed in Great
Britain where university lecturers and others in the
university system can acquire a formal certificate, and
in fact the government is encouraging/requiring that
each college instructor and the professor will be able to
obtain a certificate, credentials that are based on an
understanding of effective teaching strategies. On the
other hand, there are some concerns that Earth Sci-
ence is being removed in the lower grades and in the
universities in settings overseas. New Zealand echoed
those comments both in terms of an optional teaching
certificate for teachers to acquirebut it will be in the
highly competitive market of teaching at Universities,
it will be a tool, university-recognized in New Zealand
anyway, as a benefit to have on your resume if you wish
to teach in universities. For the examples from the U.S.
we had comments from Pennsylvania State University,
which has 17 separate geographic campuses that make
up the Pennsylvania State system. For the first two years
students go primarily to one of these smaller campuses,
and for the last two years (the junior and senior years)
they often go to the University Park campus to solidify
the work in their major. At both campuses there is a
strong emphasis on teaching excellence.

There are still questions that remain about how the
characteristics of teaching excellence are advertised in
job descriptions for new professors. All universities have
concerns about that. Similar comments from Nebraska
and Colorado and many other states that are dealing
with concerns about licensing teachers at k-12. The U.S.
rarely says a word about licensing teaching excellence
or encouraging teaching excellence in colleges.

Finally, the discussants admonished us to analyze
critically the areas in which the profession is growing,
in acquiring students for study in selective programs at
the college level. Every student that goes to college has
a choice about a major. Students are voting somewhat
"with their feet," especially in programs that are not
looking ahead to the kinds of present and future ca-
reers which for students with geoscience training. No
one can be sure about what that is, but we all agreed
that if we don't think about those issues and have some
serious intellectual discourse amongst institutions
thinking about that issue, we may have more extinc-
tions in individuals and in departments.
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Session IB: College and University Curricula
Donald R. Johnson and Geoff Taylor, Moderators

The college (post-secondary) curriculum is critical academically for its modeling of interdisciplinary,

systems-level thinking, and for development of understanding of the Earth system by non-majors. For the

geoscience profession it is critical for retaining under-represented groups in science courses and careers,

and for supplying geoscience professionals with skills for dealing with 21st Century science needs,techno-

logical tools and social responsibilities. The papers in this session represented the innovations being made

by college educators on four continents. They included curriculum modifications specifically designed to

serve non-majors, introducing them to an Earth systems science approach and applying their current knowl-

edge into larger Earth frameworks. University faculties collaborate across continents and regions to pro-

duce course modules, entire courses, faculty development, and models of faculty-student interactions to

facilitate learning. Special attention to field needs was a focus of several papers in the session, including

summer sessions for high school students, attention to gender issues, and integration of subject areas in

the field.

Discovery at Ricks College.
Steven C. Hansen, Geology Department, Ricks College,

Rexburg, ID 83460-0510 USA.

Ricks College, a private two-year college with 8000
students, has had a multi discipline outdoor program
for Biology, Geology, Health and Fitness for many years.
Currently the program runs for five weeks with thirty
students in each section. Regular college credit is given
for the individual classes that are taken.

The concept of the program is to get the student out
of the traditional classroom and give them a hands on
experience with the subject material. The location of
the college provides access to many different environ-
ments where science can be observed and experienced
in a natural setting.

No texts are required in the classes. Reference texts,
reports, and articles of interest, are usually available for
the students. Lectures, demonstrations, and projects are
based on the particular site the group happens to visit.
Student reports and project reports are presented to the
group. They are based on student observation, reference
material, research, and aid given by the teacher. Group
learning is encouraged and group projects can be car-

ried out. A goal is to raise the group to a higher level of
comprehension than is commonly obtained by indi-
vidual study. An unspoken goal is for the more rapid
learners to help those that may struggle with the scien-
tific concepts. Some camp duties are required but the
first priority for students is their natural world first hand.

Tests are oral based on discussions, lectures, or hand
samples of rocks, plants, or animals that may be used to
illustrate the goal the teacher has for the students. The
power of this program is taking the student directly to
the object or exposure and having a hands on experi-
ence with them about the material being studied.

Classes usually meet for an hour but if longer activi-
ties are planned the other classes can be adjusted to
meet a specific need. In the evening the professors meet
and work out the best time for their activity the next
day. A list of the classes is usually written on a piece of
paper and posted in the eating area so the students know
the schedule for the next day.

A new section of this program was planned for sum-
mer 1997, featuring Geology, Biology, and Elementary
Education classes. The lead department and major
source of students is Elementary Education.
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The Integrated General Education
Science Curriculum.
Patricia Deen and Al Trujillo, Earth Science Department,

Palomar College, 1140 West Mission Road, San Marcos,
CA 92069 USA.

The Integrated General Education Science Curricu-
lum (IGESC) Project provides a model for an interdis-
ciplinary learning community within the sciences divi-
sion at Palomar College. This two-year pilot project,
established in the Fall of 1996, is partially funded
through a grant from the National Science Foundation.
'RAT lead teachers and seven faculty associates have be-
gun to design an integrative curriculum targeting des-
ignated sections of general education science courses
in biology, chemistry, physics, astronomy, geography,
geology and oceanography. Implementation of the new
curriculum strategies began in Spring 1997, and will
continue through the Spring 1998 semester.

A newly-established computer lab provides hands-
on experiences with state-of-the-art interactive tech-
nologies. Assignments incorporate use of the Internet,
geographical databases, CD-ROMs, and virtual reality
to enhance problem-solving, creative thinking, analyti-
cal, and communication skills. Promotion of science and
technology careers is also addressed by student interac-
tion with the professional scientific community via E-
mail and through special guest lectures. Within the tar-
geted sections, course assignments and collaborative
research projects focus on the central theme of ocean-
ography. Specific examples of the integration of ocean-
ography themes include:

e analysis of sea water chemistry including solutions,
precipitation, and pH.

O exploration of a virtual field trip site where students
analyze historical and present beach profiling data
to draw conclusions regarding beach processes.

co analysis of past El Nino events and use of real-time
sea-surface and atmospheric data to predict future
events.

G manipulation of a database with analysis of the bio-
logical response to the Exxon Valdez oil spill.

O interpretation and manipulation of tidal data to in-
vestigate tide-generating forces on Earth and other
planetary/stellar systems.

An integral part of the project is the faculty enhance-
ment component. Faculty involved in the project re-
ceive interactive technology training, participate in pro-
fessional workshops, and meet with scientists in indus-
try to develop technology-based resources and curricu-

lum integration strategies. A Teacher's Resource Guide
will be developed and another generation of faculty par-
ticipants will be trained. The overall goals for the project
are increased retention rate, increased persistence rate,
and an increased number of students declaring science
as a major. An ongoing evaluation process seeks to vali-
date these goals. An Internet web site has been estab-
lished for student use as well as for dissemination of
information regarding the progress of this project. This
web site may be accessed through the Palomar College
home page at: http://www.palomar.edu/. Partial support
for this work was provided by the National Science
Foundation's Division of Undergraduate Education
through grant #DUE-9651115.

The Cooperative University-Based
Earth System Science Education
Program.

Donald R. Johnson, Martin Ruzek and Michael Kalb,
Universities Space Research Association, 8426 Polifka
Road, Whitelaw, WI 54247 USA.

The Cooperative Universities-based Program for
Earth System Science Education (ESSE) is an ongoing
NASA-funded undergraduate interdisciplinary education
effort led by the Universities Space Research Associa-
tion (USRA). For the past five years ESSE has been fa-
cilitating grassroots cooperative efforts among scien-
tists and departments within universities, among uni-
versities and between university and government sci-
ence communities in areas relevant to earth system sci-
ence and global change education. The overarching
objective of ESSE is to accelerate development of an
academic base for earth system and global change sci-
ence within colleges and universities. The ESSE Pro-
gram currently involves 44 institutions in the develop-
ment of undergraduate survey and senior level earth
systems science.courses and teaching materials. ESSE
partnerships with other education organizations extend
earth system concepts to middle and high schools,
schools of education and the Internet community at
large.

Many of the ESSE program participants are devel-
oping electronic-based teaching resources for use in
their requisite survey or senior level Earth System Sci-
ence classes. Some of these resources are organized as
laboratory or classroom exercises, leading the student
through text, data and graphics designed to describe
and help understand a particular topic such as El Nirio,
ozone chemistry, population dynamics, etc. Others are
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software models of earth subsystems, such as the car-
bon cycle, using software such as STELLA. Recogniz-
ing that these modules are valuable hands-on active
learning resources when documented properly and
placed in a common repository, the ESSE server (http:1
1www.usra.edulesse) now functions to collect such re-
sources to be shared by Earth System Science educa-
tors on the Internet.

At the most recent program workshop in August,
1996, ESSE participants initiated a formal effort to de-
velop interdisciplinary earth system science educational
modules containing materials and resources for appli-
cation by all ESSE participants in their own courses.
During the 1996/97 academic year, fourteen teams of
3-5 ESSE faculty and teaching assistants developed flex-
ible educational materials for use in earth systems and
global change courses suitable for electronic delivery.
Module topics include: Observing Systems and Remote
Sensing; The Biosphere; Atmospheric Ozone; Econom-
ics, Sustainability and Natural Resources; The Antarc-
tic; Earth Energy Balance; El NitioSouthern Oscilla-
tion; Hydrological Cycle; Earth System History; Bio-
geochemical Cycles; Human PopulationEnvironment
Interactions; Health and Climate Change; Soil Processes,
Land Use, Land Cover Change; and System Concepts
and the Earth System. The primary intended users of
the ESSE modules are university and college faculty
developing earth system science and global change
courses. The example offered by the ESSE participants
is expected to stimulate contributions to modules from
both within and outside of the Program with the ESSE
server providing a flexible organized repository through
which contributions will gain visibility and use among
faculty nationwide.

Spheres of Influence: Shaping the
Future of Undergraduate Earth
Systems Science Education.
M. Frank Watt Ireton, Education Programs, American
Geophysical Union, 2000 Florida Avenue NW,

Washington, DC 20009 USA.

American Geophysical Union's Education and Re-
search Directorate conducted a workshop in November
1996 entitled: Spheres of Influence: Shaping the Fu-
ture of Earth Systems Sciences Education. This work-
shop was convened by the American Geophysical Union,
with funding from the National Science Foundation
(NSF) divisions of Undergraduate Education, Earth Sci-
ences, Ocean Sciences, Atmospheric Sciences, and Of-
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fice of Polar Programs, and in cooperation with the Keck
Geology Consortium. The workshop brought together
a diverse group of 48 faculty members, department
chairs, deans, government representatives, and NSF
observers. Participants for the workshop were drawn
from research institutions and universities, colleges,
community colleges, and liberal arts schools thus rep-
resenting the breadth of disciplines in the Earth and
space sciences.

Invited participants were assigned to seven working
panels of six to eight colleagues each to consider spe-
cific aspects of undergraduate Earth science education.
Three panels addressed why, how, and what to teach in
an Earth systems classroom. Other panels discussed
diversity issues, integrating research and education, and
lifelong learning. One panel whose members consisted
of deans or chairs discussed changing the culture of
undergraduate geoscience education. Prior to the work-
shop participants received background information and
several documents including a draft version of the Shap-
ing the Future: New Expectations for Undergraduate
Education in Science, Mathematics, Engineering, and
Technology (NSF, 1996) and the report from the
Chapman Research Conference titled Scrutiny of Un-
dergraduate Geoscience Education: Is the Viability of
the Geosciences in Jeopardy? (AGU, 1994). List servers
were set up for each panel to begin dialogues discuss-
ing their panel's topic before attending the meeting.

At the workshop participants then met as panels to
discuss their topic in more depth and to begin to for-
mulate their responses. A public comment period was
open from December 15, 1996 and drafts of the panelist's
responses were made available on the AGU website for
comment by interested parties until January 15, 1997.
The outcome of the workshop was a set of recommen-
dations comprising a plan of action for the Earth sci-
ences community to develop a coherent educational
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mission using Earth systems science as the focus. The
final report, Shaping the Future of Undergraduate Earth
Science Education: Innovation and Change Using an
Earth System Approach (AGU, 1997), was released at
an AGU Union session on education at the 1997 Spring
AGU meeting. Additional sessions on the Spheres work-
shop, the report, and implementation of recommenda-
tions will be held at AGU and other society meetings.

REFERENCES:

Analysis to Action (NRC 1996).

National Science Education Standards (NRC, 1996).

Scrutiny of Undergraduate Geoscience Education: Is the
Viability of the Geosciences in Jeopardy?(AGU, 1994).

Shaping the Future. New Expectations for Undergradu-
ate Education in Science, Mathematics, Engineering,
and Technology (NSF, 1996).

Research-Based Learning of Global
Environmental Change Issues: Case
Studies from Siberia and South
Carolina.
Douglas Williams and Stefka Nikolova, Department of
Geological and Marine Sciences, University of South

Carolina, Columbia, SC 29208 USA.

"Research-based learning" is an innovative approach
for undergraduate learning which is based on the orga-
nized use of interdisciplinary, thematic research, and
related creative activities, as a vehicle for enhanced
learning of complex scientific processes. Using a vari-
ety of research experiences from Siberia to South Caro-
lina, this interactive poster session illustrated how re-
search with an Earth System Science theme can func-
tion as a true learning tool for undergraduates. It showed
what the students are capable of learning from this ap-
proach, what underlying principles and assessment
strategies are useful, and how this approach can be used
in other disciplines. We discussed some of the personal,
professional and institutional challenges that must be
faced in adopting these approaches at a research-teach-
ing university.

Research-based learning is defined as the program-
matic merger of discovery and investigation with an
established, successful curriculum (in this case the in-
terdisciplinary Marine Science Program). A "research-

based learning track" (RBLT) is a means of implement-
ing the researchbased learning approach. A RBLT func-
tions by collaborative student/faculty teams working
together, exploring together and learning together as
they investigate important scientific problems. Ideally,
the student-faculty team collaboration would extend
over the length of the students' academic career and
evolve into a partnership. A number of these partner-
ships working together would form a "community of
learners," the model chosen by Project Kaleidoscope as
ideal for "learning science" (PKal, 1991, v. 1, p. 42, Wash-
ington, DC).

The RBLT couples out-of-class research experi-
ences, in this case dealing with the carbon cycle of Lake
Baikal in Siberia and in the Pee Dee Watershed of South
Carolina, with the established Marine Science Curricu-
lum through a series of "critical connection courses."
"Critical connection courses" are informal but rigor-
ous, high quality special courses which reinforce and
expand upon the principles and knowledge provided
in our classrooms and laboratory sessions. This pow-
erful combination represents a new, robust integra-
tion of research and learning.

The results to date are: a) an integrated, holistic ap-
proach to learning, b) new opportunities for students
to gain critical hands-on experience using the latest
technological tools and approaches, and c) practical
experience learning professional and social skills in real
professional situations.

Additionally students who have participated in our pro-
gram have acquired and/or developed professional skills
needed to excel in the evolving work place including:

critical and independent thinking
problem solving

decision making

teamwork

planning, organizing

a communicating, writing
flexibility and adaptability

leadership
respect towards individuals of diverse talents, back-
grounds and learning styles.
The concepts, protocols and approaches of Earth Sys-

tem Science are ideally suited for the use of research-based
learning. Research-based learning makes the excitement
of research (discovery) an integral part of the student's
academic life, not a "frill or exception to the rule."
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Female-Friendly Geoscience: Eight
Techniques for Reaching the Majority.
Darlene Richardson and Connie Sutton, Geoscience

Department, Indiana University of Pennsylvania, 1224
School Street, Indiana, PA 15701 USA.

One of the ways to alleviate the under representa-
tion of women in science, engineering, and mathemat-
ics is to change how and what we teach in science class-
rooms. Women's Studies scholars have explored ways
in which science as it is currently taught and practiced
may reflect a masculine approach to the world which
tends to exclude women. Teaching the Majority, 1996,
edited by Sue Rosser, looks at how transformed college
science courses may attract and retain women in sci-
ence, mathematics, and engineering. The book includes
descriptions of changed course content, syllabi, teach-
ing techniques, laboratory exercises, and problem sets
developed to appeal to women students (while also re-
taining an appeal to all other students).

One of the chapters in the book was written by
Richardson, Sutton, and Cercone of the IUP Geoscience
Department. They developed eight techniques which
have worked for the IUP Geoscience Department to cre-
ate a more "friendly" learning environment. The fol-
lowing methods engage students' interest and encour-
age their participation in lecture, laboratory and field
exercises. Some methods are suitable for upper level
classes while others can be used in large lecture classes.
Not all will apply to every college environment, but put-
ting any of them into practice will have the benefit of
making geoscience friendly not only to women but also
to non- traditional science students.

Four techniques relate to good teaching practices
in general: 1) Demonstrate the relevance of classroom
science to students' everyday lives; 2) Use a range of
assessment methods to allow students to draw on their
intellectual strengths; 3) Use non sexist language where
possibleit doesn't hurt to refer to a tyrannosaur as
"she"!; and 4) Encourage students to question assump-
tions and be comfortable with uncertainty. Other tech-
niques are more geo-specific: 5) Separate non major
students from majors in introductory labs, to reduce
the need for teaching discipline specific classifications
and specialized language to non majors; 6) Incorporate
reading materials such as geological novels and non fic-
tion in addition to textbooks; 7) Design field trips to
emphasize the social context of geological processes;
and 8) Do not stress physical accomplishments in the
field or divide field or lab tasks by gender.

Staff Development in the Earth
Sciences: A Discipline Versus Generic-
Based Approach.
Helen King and Clive Boulter, Department of Geology,
University of Southampton, Oceanography Centre,
Empress Dock, European Way, Southampton, UNITED

KINGDOM S014 3ZH. Neil Thomas, School of

Geological Sciences, Kingston University, UNITED
KINGDOM.

The Higher Education sector in the UK is well pro-
vided for in terms of generic staff development. Cen-
tralized development-organizations within individual
institutions successfully provide services in teaching and
learning to many general areas of academic practice.
Departmental-based staff development can be a highly
successful means of supporting staff in response to the
changing educational environment and to the multi-
plicity of subject-specific assessments. However, the
needs of all academic departments are not the same and
the diversity of teaching and learning environments
demands a more focused, subject-specific approach. The
extensive range of learning environments within the
Earth Sciences is not exceeded by any other discipline
as it includes fieldwork, personal mapping projects, self-
directed project work, seminars, workshops and debates,
in addition to the more conventional lecture, practical
and tutorial environments. The Earth Sciences, there-
fore, provide an ideal test-bed for a pilot scheme of dis-
cipline-based staff development and, to this end, a three
year project has been established to promote and imple-
ment a series of workshop courses designed specifically
for the requirements of the Earth Science community
in the UK.
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The optimization of the benefits to the Earth Sci-
ence staff and ultimately their students, is achieved by
concentrating on the current, pre-eminent concerns in
Higher Education such as dealing with large numbers
of students and utilizing technology to aid the teaching
and learning process. All UK academic staff are encour-
aged to be actively involved in the project. At the initial
stage a survey was conducted to provide all Earth Sci-
ence staff and some students with the opportunity to
express their views on the project and to contribute ideas
and comments on the desired format and content of
the workshops. Each workshop provides a forum for the
transfer of teaching and learning practice at a national
level and utilizes the experience and expertise of aca-
demic staff in conjunction with contributions from rel-
evant employers and professional bodies such that the
best practices in teaching and learning can be identi-
fied and disseminated. Identification of the best prac-
tices currently operating in Higher Education can be
made by collating information provided in reports from
the recent Teaching Quality Assessment. This informa-
tion, together with manuals and other material arising
from the workshops will be made freely available to the
academic community via a World Wide Web site. The
aims of the project are to establish an innovative mecha-
nism for the transfer of teaching and learning practice
by using the subject-specific context at a national level
and to constitute a culture of self-sustaining discipline-
based staff development in Earth Sciences. This presen-
tation discussed these aims and outlined the progress
of the project and the success of the workshops to date.

A Vision for Expanding the
College of Science.
Gillian R. Drennan and D. Pinto, University of The
Witwatersrand, Private Bag 3, WITS, Johannesburg,
SOUTH AFRICA 2050

To date the College of Science has operated within
the Faculty of Science and served as a means of increas-
ing access and success of academically disadvantaged
students wishing to register at the University of the
Witwatersrand, Johannesburg, South Africa. Since its
inception in 1991, the College of Science has received
in excess of a thousand applications annually, however,
due to limited resources, is only able to accept 180 stu-
dents into the first year (of two years) programme.

The original vision of the College of Science was to
increase the pool of scientists represented by the his-
torically disadvantaged constituencies. This was success-

fully achieved by providing an enrichment programme,
comprising a fully integrated science curriculum, to
students who would otherwise have been denied access
to the university. Although this has been successfully
achieved the limited student intake each year has frus-
trated both College staff and unsuccessful applicants.
For this reason the College of Science is looking to ex-
pand its vision to reach more students and to increase
its influence on the future of South African scientists.

The College of Science is currently investigating ways
of upscaling its programme to a more "developmental"
model by considering alternative approaches. The op-
tions investigated include "franchising" the College
Programme to other academic institutions and devel-
oping "distance learning" packages from established
College materials that could be marketed to the South
African public as a whole.

Initial findings have resulted in the College of Sci-
ence pursuing the "distance learning" model as a means
of realizing its expanded vision. To successfully achieve
this, College staff have been consulting with other agen-
cies that have expertise in this field (the Open Univer-
sity, UNISA, South African Institute of Distance Educa-
tion) and are currently upscaling materials into "dis-
tance learning" packages. We reported on developments
within the College of Earth Sciences programme and
suggested ways in which the South African Mining In-
dustries can contribute to, and benefit from, "distance
learning" in Earth Science.

Earth Sciences Articulation in the
College/University System, Province
of British Columbia, Canada.
Dileep Athaide and Carlo Giovanella, Department of
Geological Sciences, University of British Columbia,
6339 Stores Road, Vancouver, BC, CANADA V6T 1Z4

Webster's dictionary defines articulation as the 'act
or manner of joining'. As used here, articulation refers
most specifically to the meshing of content of course
offerings from different institutions. In British Colum-
bia, we have an organization that we believe may be
unique in its function of addressing this and related
educational concerns.

The BC Earth Sciences Articulation Committee is a
government-sponsored organization which meets an-
nually to bring together teachers of introductory geol-
ogy from three universities and fifteen colleges from
across the province. Its beginnings go back to about
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1970, when a need arose to coordinate the teaching of
introductory geology at the newly-created network of
community colleges, with the existing geology program
at the University of BC. From an informal start, the as-
sociation has evolved into the present Committee, which
is formalized under the umbrella of a Provincial Gov-
ernment agency (BC Council on Admissions and Trans-
fers). The Earth Sciences is one of about 75 disciplines
that have independent articulation committees within
the province's post-secondary academic system. Govern-
ment sponsorship ensures that all institutions actively
support the articulation process.

The objectives of the Articulation Committee are to:

O examine and share curriculum content, resources,
and teaching methodology;

O facilitate transferability of course credits, mostly
from college to university;

provide opportunities for professional develop-
ment, mainly in the form of field trips;

promote professional interaction, and provide
support for members and programs;

present a forum for liaison with industry and gov-
ernment agencies;

O maintain a dialogue with representatives from the
secondary-school system, and

O offer educational support for high school earth sci-
ence and geology programs.

The annual meeting comprises a business session
and a field excursion, and is hosted each year by a differ-
ent institution. This provides an opportunity to visit a
variety of geologic regions around the province. For
example, the 1997 meeting included an extended visit
to the Queen Charlotte Islands.

A particularly ambitious project for the Committee
was the organization of an exceptional 5-day field course
in May 1996, which examined the terrains of the south-
ern Canadian Cordillera, from Calgary to Vancouver.
Financial support for this was obtained from both in-
dustry (Canadian Society of Petroleum Geologists) and
government (Canadian Geological Foundation).

We submit that Earth Science articulation in the
college/university system in British Columbia has been
remarkably beneficial, and could provide a model for
other educators to consider.

The Use of Summer Schools as a
Way of Promoting Earth Science.
Geoff Taylor and Malcolm Buck, Department of Applied
Geology, University of New South Wales, Sydney,
AUSTRALIA NSW 2052

Secondary School science enrollments in Australia
over the past six years have dropped by an average of
16% in chemistry, 18% in physics, 19% in biology, and
53% in geology. Enrollments in the geoscience courses
at most Australian universities have experienced a simi-
lar reduction. In an attempt to address a potential short-
age of geologists in Australia the Department of Applied
Geology, at UNSW, has launched a program of action to
increase the profile of geoscience in secondary schools
and the wider community. Our aim is to encourage stu-
dents to embark on a university course, and ultimately
a career, in the geosciences.

In 1996 and 1997 our main strategy has been to
present summer schools to Year 11 and 12 students held
in the January summer vacations. Referred to as Geo-
science and Mining Adventure Schools, these summer
schools involved around 25 students selected for their
aptitude in science and were comprised of 3 days of
"hands on" laboratory experimentation at UNSW and 4
days of field study. In 1997 the field study included a
shipboard study of sedimentation and environmental
impacts on a local urbanized harbor, the field geology
of the Sydney Basin and adjacent regions, and visits to
local exploration and mining camps.

Discussions with participants during the Adventure
School uncovered a startling ignorance of earth science
systems in Australian secondary school students. How-
ever, analysis of post summer school participant ques-
tionnaires showed a high level of appreciation of the
summer school and a significant increase in interest
from participants in pursuing a career in earth science.
All topics presented during the summer school were well
received but those involving field work were enjoyed
the most. Although all students possessed an idealistic
environmental perspective, they were equally enthused
by the underground mine experience, as they were by
the study of sediments in a spectacularly beautiful
coastal environment.

Earth science teaching staff at UNSW believe that a
prevailing low level of interest in the pursuit of earth
science related careers is a function of a widely held
community attitude that there are few jobs and that
rewards are low. In Australia this is a fallacy but it is
proving difficult to dispel. Most students learnt about
the Adventure School through their Science Department
Coordinator, proving that other advertising methods
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were of little value. Limited availability of staff does not
allow us to run the Adventure School more frequently
than once a year. However we are currently attempting
to achieve a "multiplier" effect by reporting the activi-
ties of the School in the relevant teachers' newsletters
and journals. We believe that for earth science to pros-
per, many initiatives of this kind have to be taken, and
that a long term policy of cooperative interaction be-
tween the mining industries, tertiary earth science edu-
cators and the secondary school system has to be fol-
lowed. In 1997 we raised industry sponsorship of
$A15,000 for the summer school, indicating a high level
of support for our initiatives.

Geoscience Education in Zambia:
A Way Forward.
lmasiku A. Nyambe, Geology Department, School of
Mines, University of Zambia, P.O. Box 32379, Lusaka,
ZAM B IA

Mining in Zambia has been practiced for centuries,
but it is only in the last 70 years that Zambia has risen
to become one of the world's leading copper producers
that resulted from the exploitation of the Zambian
Copperbelt orebodies. However, geoscience education
has been in existence for only 22 years at higher educa-
tion level. The educational system in Zambia consists
of Primary Education (Grades 1-7), Secondary Educa-
tion (Grades 8-12) and Tertiary Education (Colleges and
Universities). No geology curriculum is taught at pri-
mary or secondary education. Out of 25 colleges in the
country, only one offered some geology courses to min-
ing engineering technician and technologists, but this
college has been elevated to university status resulting
in two universities in the country, namely the Univer-
sity of Zambia and the Copperbelt University. The
Copperbelt University specializes in programs that are
not offered at the University of Zambia and carries on
with the technician and technologist programs. The only
geology program in the country is offered in the De-
partment of Geology housed in the School of Mines with
two other departments, Mining Engineering, and Met-
allurgy and Mineral Processing. The University of Zam-
bia was built between 1965 and 1966 and the School of
Mines was added in 1974 mainly to produce graduates
in the three fields for the Copper Mining Industry, un-
der one conglomerate known as the Zambia Consoli-
dated Copper Mines (ZCCM). Students are enrolled in
the School in the second year after spending a year in
the School of Natural Sciences studying chemistry, bi-
ology, mathematics and physics. The school admits an

average of 50 students per year. Geology enrollments
vary from one to a maximum of twelve students whereas
enrollments in the other two disciplines are over fif-
teen students each. So far only two female students are
studying in the School of Mines, both of them in geol-
ogy. The department will graduate its first female stu-
dent this year since its inception in 1974.

ZCCM became the main employer for graduating
students in the School of Mines and provided scholar-
ship for their study. However, geology graduates also
find work in the Government institutions such as the
Geological Survey Department, the Department of Wa-
ter Affairs, the universities, and the National Council
for Scientific Research. Good conditions of service in-
cluding salary are offered by ZCCM in comparison to
the government. Once employed at an operating mine
of ZCCM, a graduate geologist could rise to a position
of a Chief Geologist whereas their counterparts (Min-
ing Engineer and Metallurgists) would rise to the Gen-
eral Manager.

Results from a questionnaire and interviews suggest
that a lack of high top positions for geologists in ZCCM
and an unawareness of geology as a career are the main
reasons for having low enrollments in geology. In Zam-
bia, prospective students come to hear about geology
when they enter the University of Zambia's School of
Natural Sciences. Secondary School students look at
geologists as people who break stones, whose future lies
in ZCCM, and who cannot be equated in any way to Zam-
bian household careers of an engineer, accountant and
a medical doctor. Unfortunately, this view is held by some
of our politicians and many parents, and these influ-
ence careers to be chosen by their children. The "Geo-
science in School" project is a program started in 1994/
95 with its first inaugural seminar at Maamba Second-
ary School in Southern Province. The aim of the project
is to make Secondary School students aware of geo-
science, what it can offer and that it embraces many
disciplines including engineering. The students are en-
couraged to form geoscience clubs where they can come
up with projects and make field trips to geological sites.

The main goal of project is to influence inclusion of
geology in the curricula of Grades 8-12 and to send a
message to the students that geology embraces other
fields and in fact geologists are better placed people in
the understanding of our environment. Renewed explo-
ration activities in Zambia since 1991, the use of job
opportunities in new mine ventures by politicians in
their campaign strategies in the media and the readily
available employment for geology graduates assist in
attracting a number of students to our seminars in the
Secondary schools. These exploration activities, the
world wide campaign for a clean and better environ-
ment, and indeed our own initiatives such as this one,
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are opening new grounds for Zambian geologists. These
initiatives will result in educating future policy makers
who in turn may influence job creation and opportuni-
ties in the government ministries of Environment (e.g.
at the Environmental Council), Energy, Science and
Technology. These new job opportunities will result in
more geoscience enrollments and hence, enhance the
faculty and public literacy in the earth sciences.

Improving Science Literacy in General
Education: An Interdisciplinary Course
Sequence in Earth System Science.
A. Moore, R. Brzenk, P. Buckley, D. Hamilton, W. Nagel,
M. Newman and S. Young, Departments of Biology,
Chemistry, Geological and Environmental Sciences and
Mathematics, Hartwick College, Oneonta, NY 13820
USA

Our goal is to improve the scientific literacy of
Hartwick College students, and in so doing, develop a
successful model for reform that might be adapted to
the needs of other institutions. We have revised our gen-
eral education curriculum so that students gain a much
fuller appreciation of what science is, how science is
done, why science is important, and most significantly,
a solid understanding of some of the important issues
in modern science. We hope to engender in students
the confidence and the ability to make informed deci-
sions about science and technology issues. We feel that
the most significant barrier to increased scientific un-
derstanding is the lack of connection between the sci-
ence courses offered to non-science majors. These
courses are designed with the assumption that students
have no prior knowledge of the subject matter and have
limited mathematical skills. Thus at Hartwick, where
students must complete three math & science courses
to graduate, each faculty member starts from scratch
and cannot build on the efforts of our colleagues who
may have taught these students in previous semesters.
Additionally, as math is currently removed from
coursework, students see math as a completely sepa-
rate enterprise, rather than as an integral part of sci-
ence. This approach effectively cheats students of the
thorough science education that they deserve. Further-
more, by requiring courses to be distributed across dif-
ferent departments and allowing students to take the
courses at any time, we make it extremely difficult for
students to see the connections between the various
scientific disciplines. We force science to appear frag-
mented rather than coherent.

We have developed a year-long series of three se-
quenced, thematic, interdisciplinary courses in Earth
Systems Science that satisfies Hartwick's general edu-
cation requirement. The program is staffed by mem-
bers of the departments of mathematics, biology, chem-
istry, and geological and environmental sciences. We
examine global environmental concerns from the point
of view of Earth Systems Science. Each term's class has
a focus area, the hydrosphere (Fall), atmosphere (Win-
ter) and lithosphere (Spring). Mathematical concepts
are incorporated across the three semesters, as are top-
ics highlighting the interrelations of these Earth sys-
tems with the biosphere, focusing especially on human
societal concerns. Through a combination of activities,
including "hands-on" experience with scientific equip-
ment and data collection, with computer simulations
and modeling, with field excursions, but most impor-
tantly through exploring and constructing their own
understanding, students gain not only a better under-
standing of the Earth system, but also a better under-
standing of the importance of science in their lives and
in their futures.

Session Summary: College and
University Curricula.
These discussions were summarized by Vic Mayer from
notes provided by each of the moderators: Mayer, Goeff
Taylor and Donald Johnson.

Our discussions ranged widely in order to identify
issues in Earth science education that seemed to be in-
ternational in scope. They included the following:

There seems to be a lack of awareness among the
public at large of science in general and Earth science
specifically. The general consensus was that there was
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little attention paid to the earth sciences among lead-
ers in education. It seems not to be valued as an inte-
gral part of a broad program in science literacy. In most
countries, what little is taught in the Earth sciences
comes through geography programs rather then the
sciences. There seem to be only a few exceptions to this,
including some of the Asian countries and South Ameri-
can countries in addition to the USA, where the Earth
sciences are taught as a component of science programs
in the pre-college curricula. At the university level, non-
science majors especially seem to fear the sciences, elect-
ing not to take them if possible, or if necessary only a
very limited introduction to the sciences.

Many felt that to overcome this fear of science at the
university level, small classes were necessary rather than
the typical large lecture section. There seemed to be
agreement that class sizes of 10-15 would be ideal. To
achieve such a class size, however, would require exten-
sive resources unless there were some very creative so-
lutions. One that was suggested, and seems to be suc-
cessful at Montana State University, is the use of peer
mentoring. Students who have been successful in the
beginning Earth science courses are brought back as
undergraduate student assistants to mentor fellow un-
dergraduates currently enrolled in the course. Another
possible solution are forms of cooperative learning, now
used successfully by middle school and secondary school
teachers, as well as in some teacher summer institutes
in the USA. Cooperative learning, combined with the
use of computer technology and especially the Internet
as a resource for student learning, can change the na-
ture of learning at the university level.

Many were concerned about falling enrollments in
Earth science at both the pre-college and the college
level. Certain countries, such as South Africa, have elimi-
nated Earth science from the national curriculum. In
others, such as Japan, enrollment in earth science at
the secondary level has fallen by some 50% as a result
of changes in science requirements. This seems to be a
general situation around the world where there is a re-
duction in Earth science enrollment at the pre-college
level. With fewer students taking Earth science at the
secondary level, fewer are encouraged as a result to en-
roll in Earth science courses at the university level.

Earth science is a "minority science." It is not seen
as important by those in biology, chemistry and physics
and therefore by curriculum leaders in pre-college edu-
cation. It also does not have a strong political base within
most universities and governments. Therefore it is given
"short-shrift" when it comes to securing a place in the
curriculum. It is also especially susceptible to cuts in
funding and time. In some countries the Earth science
education community itself is divided. In the USA for
example, there are the geologists, meteorologists, as-
tronomers, and oceanographers, each trying to maxi-

mize their hold on a very small part of the curriculum
and instructional resources. Often they work at cross
purposes. This reduces even further an already weak
political position vis a vis the other sciences. Fortunately
these groups were able to work together to secure a re-
spectable place for Earth science content in the new
national standards developed by the National Research
Council.

One way to reverse the weakening political position
within the sciences is for the Earth sciences to work
together to develop integrated Earth science courses.
This has been done at the university level at Hartwick
College in Oneonta, New York. It is also happening in
the Earth System Science Education programs that are
now being offered in some 40 universities across the
USA.

Other university level issues identified by the dis-
cussion group were those of gender bias in instruction
and curriculum, and the inclusion of academically dis-
advantaged students in degree programs. Problems and
solutions of both of these issues vary across countries
and few solutions were offered.

Another discussion group for this session identified
the lack of ability and enthusiasm displayed by elemen-
tary and secondary school teachers toward the earth
sciences as a major problem, especially geology. This
has the tendency to "turn off' students to these sciences
and to impede their learning of important concepts and
skills associated with the Earth sciences.

Universities and colleges must provide appropriate
resources and training to equip elementary and second-
ary teachers to teach the geoscience parts of their gen-
eral science programs. These should include the provi-
sion of field guides to local areas, rock and mineral speci-
mens, and workshops in field skills and geological top-
ics. Strategies must be developed to enlist more geol-
ogy-trained teachers into the elementary and second-
ary schools.

There is a need to ensure that;
O within an environment of merging geoscience de-

partments in universities and colleges and the
emerging popularity of the environmental sciences,
that geology plays an equal part with the other sci-
ences. Anecdotal evidence suggests that there is a
world wide trend for environmental science to be
biology driven.

O there is a collaborative approach between commu-
nity colleges and universities to enable students to
progress without difficulty from one to another in-
stitution.

O college and university faculty and staff working on
outreach activities receive appropriate recognition
for this work. Teaching and learning should rate
equally with research.
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Session ilf: K-12 Curricula
Masakazu Gotoh and Dan Jax, Moderators

In this group of posters were descriptions of K-12 programs that pull together large components of the

school curriculum and typically require more than a week of instructional time. Some were units of instruc-

tion, and others articulated programs that span several years of the curriculum. Several presenters pro-

vided models of how science can be integrated with other curriculum areas (math, social studies, the arts)

through studies of rivers, rainforests, and Earth representation through satellite images. Innovative meth-

ods used by some presenters may be useful in many K-12 situations, such as learning about Earth systems

on a need-to-know basis for problem solving. Many of the posters dealt with field experiences to promote

synthesis of information and establish cognitive frameworks for construction of knowledge. Students in

these programs may emerge with the ability to think globally based on local experiences.

The Wailuku River: A Model for
Earth Systems.

Raymond L. Tschillard and William H. Hoyt, University of
Northern Colorado, Greeley, CO 80639 USA.

As a result of numerous national studies since the
1980s, science teachers have become acutely aware that
traditional delivery of science content does not reach
many students. Consequently, several curriculum
change proposals have been brought forward.

The curriculum change process in the nation's
schools looms as a formidable barrier to school restruc-
turing. New strategies are needed to convince teachers
that there are better ways to develop an integrated cur-
riculum that is both exciting to students and academi-
cally rigorous. Considering the school curriculum as a
study of the Earth and its systems does provide a new
paradigm for a relevant, engaging, and rigorous ap-
proach for integrating the sciences with art, literature,
social studies, language, and other disciplines. Using the
nationally-tested philosophy of the Program for Lead-
ership in Earth Systems Education (PLESE), the Uni-
versity of Northern Colorado Laboratory High School
Science Department proposed to model the "systems
thinking" approach with a science course called "Natu-
ral Science Field Study."

The idea was to study a local river, the Cache la
Poudre, as a system, using an integrated, interdiscipli-
nary approach. Instead of teaching biology, geology,
chemistry, and physics separately, it was the intent of
the new class to allow students to learn and understand
science concepts by analyzing a river system out in the
field. Back in the classroom, students correlate the data

to see how science disciplines are related to each other,
as well as to all other disciplines. The premise of this
effort is that solving global problems requires under-
standing the entire set of interactions between the vari-
ous systems involved. The systems approach is in direct
conflict with the reductionist approach that instructs
students in one narrowly-defined discipline at a time
and discourages connections to other disciplines.

The purpose of this poster session was to model a
river system, the Wailuku River, as a miCrocosm of glo-
bal problems. By taking a concrete, local example of a
study site, each participant can transport and apply the
idea back in their communities.

The posters showed participants studying the
Wailuku River at three different sites: 1) Mauna Kea
Forest Reserve (bridge access from Observatory Road);
2) just east of Hilo Forest Reserve, and; 3) the river delta
into Hilo Bay. At each location, the participants ana-
lyzed the chemistry of the water, collected and identi-
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fied aquatic organisms, labeled, analyzed, and mapped
the substrata of the river, and measured and calculated
the physical characteristics of the river systems. Par-
ticipants were asked to observe the aesthetics and stew-
ardship of the river sites and to construct a transect
map of the study location.

From Pebbles to Moon Rocks: K-8
Earth Science Curriculum.
Susan K. Jagoda, Lawrence Hall of Science, University
of California, Berkeley, CA 94720-5220 USA.

When a geologist encounters a problem such as de-
termining the origin of a rock, she first observes the
rock's properties. She uses her communication skills to
describe the rock. Through comparisons with other
rocks, she organizes her observations and looks for re-
lationships that will help her infer the rock's origin. She
then applies her new knowledge as she continues her
explorations of the earth's crust.

When a young child first encounters a rock, she fol-
lows the same path of discovery as the geologist. At this
age (PreK-2), observations and comparisons of the
rock's properties and words to describe the properties
occupy the youngster's mind. Third and fourth grade
students exercise their organizing skills as they seriate
and group earth materials. Fifth and sixth grade stu-
dents start to identify relationships between earth ma-
terials, such as the relationship between a stream's slope
and the amount of erosion that occurs. By the time stu-
dents reach grades seven and eight, they can use their
prior knowledge to make inferences about the origin of
the Moon after observing simulated moon rock samples.

The Full Option Science System (FOSS) program at
the Lawrence Hall of Science at the University of Cali-
fornia at Berkeley (UCB) has been in development since
1988 with funding from the National Science Founda-
tion. FOSS bases its curriculum development process
on research by Dr. Lawrence Lowery which focuses on
the biological basis of thinking and learning. Science is
a pattern-seeking enterprisean expression of the hu-
man capacity to think. FOSS is designed to help stu-
dents develop their pattern-seeking abilities and to capi-
talize on the scientific thinking processesa set of
thinking capabilities (observing, communicating, etc.)
that appear at intervals that are spaced well enough apart
to allow the current capability to become established.
Research suggests that there are periods in human de-
velopment in which certain processes have a higher
payoff for learning. FOSS strives to design hands-on

science activities that focus on these periods for each
grade level.

There are presently six modules in the FOSS K-6
program that emphasize earth science concepts. The
developers' task was to identify concepts and activities
that would be appropriate for learners at the grade school
level and that would allow them to build their knowl-
edge of the Earth and its systems. For example, at Grades
1-2, the Pebbles, Sand and Silt module guides students
into discoveries of rock properties, emphasizing their
capabilities of observing, communicating, and compar-
ing. They sort and seriate rocks by different properties,
knock rocks together, get them wet, use them to con-
struct bricks, and build their vocabulary for communi-
cating their observations and comparisons.

This poster session exhibited samples of the FOSS
K-6 Earth Science strand modules and displayed some
of the current development at the middle school level.
A goal of the session was to promote discussion about
the appropriate concepts that students need to grapple
with at grades K-6 that will help them continue con-
structing ideas and knowledge about the Earth and its
systems.

"Environmental Solutions" An
Integrated Study of Hydrology.
Brad Parkinson, Brent Blake, Nancy Winmill, and
Jackie Johnson, Madison High School, 4293 S. 2000 W.,
Rexburg, ID 83440 USA.

Visualize dozens of students scattered along the
banks of the Teton River and its tributaries located in
southeastern Idaho. Many wear waders and are in the
water taking a kick sample to gather macroinvertebrates,
others are using sophisticated equipment to test the
water for minerals and chemicals, and some are assess-
ing the riparian habitat and doing a general stream as-
sessment. Students are carefully recording data in their
field journals. This is what you would see any day if you
visited Madison High School's Environmental Solutions
class in Rexburg, Idaho.

Environmental Solutions is a "school within a
school" integrating English, chemistry, statistics, and
environmental science to offer students an in-depth,
hands-on study of the Teton River Watershed. The en-
tire Teton drainage is directly or indirectly affected by
the water quality of the river. The information gathered
by the students will be used by local businesses and agen-
cies to make determinations about future policies and
procedures affecting the water quality. Students gain
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experience in real life problem solving, have the oppor-
tunity to work with professionals, and are exposed to a
variety of career options. Students are also able to see
how all subject areas are truly integrated and how in-
formation learned in school is applied to the real world.

The class is composed of 50-60 juniors and seniors
for one 12-week trimester. Students are in the class four
consecutive 70-minute periods of a five period day. Ini-
tially, students are professionally trained to work in
teams. They also learn effective teamwork by observing
the teaching team.

The science class is the basis for the entire project.
Chemistry focuses on the chemical testing of the water
and the training on advanced technology. Statistical
mathematics is used to collect, graph, analyze, and in-
terpret the findings. English instruction centers on the
importance of accurate recording of data in a field jour-
nal, technical writing, and creative nature writing. Stu-
dents are trained to use still and video cameras to docu-
ment their activities. Each team produces a multi-me-
dia presentation at the end of the course. Technical writ-
ing becomes a major focus in the class as the students
compile and analyze their findings which will become
part of the worldwide web.

One of the most positive aspects of this class is that
it is student-driven. Once students are trained to do the
assessments, the teaching team merely oversees. Stu-
dents truly become experts at assessing the water qual-
ity, and analyzing, organizing and presenting their find-
ings. They become keenly aware of hydrology and the
integral position it plays in all environmental issues.
The class does much to promote responsible steward-
ship of all the earth's resources.

An Inquiry-Based Approach to
Learning Earth System Science.
Steven K. Croft, Robert J. Myers and James A. Both,
NASA Classroom of the Future (COTF), Wheeling Jesuit

University, 316 Washington Avenue, Wheeling, WV

26003 USA.

OBJECTWES OR PURPOSES

In this study we examined variables involved in de-
signing and implementing high school Earth System
Science multimedia educational tools that effectively
address the goals of the 1996 NRC National Science
Education Standards. These guidelines reflect the goals
and principles of curriculum reform efforts that seek to
move classroom environments toward student-centered

inquiry and authentic learning activities. This case
study described the design, development, and one
school year's classroom testing of the Exploring the
Environment (ETE*) Project. By examining the selec-
tion of the scientific framework, nature of the prob-
lem being articulated and modeled for students, and
design of learning activities, this case study suggested
a process for generating curricula that foster scien-
tific inquiry within a student-centered, technology-rich
learning environment.

METHODS, TECHNIQUES OR MODES OF INQUIRY

The development team created environmental
Earth science modules that use satellite imagery as a
tool, problem-based learning as methodology, and the
World Wide Web as a means of delivery. During the
1995-96 school year the ETE curriculum was evalu-
ated in eight high schools across the country; over 300
students participated. Students were introduced to
authentic environmental issues within the context of
an ill-structured problem. Most problems dealt with
human interaction and impact upon the environment,
such as water quality, habitat destruction, or
biodiversity. Available to students were a standard prob-
lem solving model, on-site resources, and recommen-
dations for extended inquiry. Student-directed research
generally lasted a minimum of five weeks but often
extended throughout the semester. Working coopera-
tively, students engaged in problem-based activities
requiring them to formulate problem statements, col-
lect ahd analyze data, then prepare and present their
findings, solutions, or recommendations.

EDUCATIONAL OR SCIENTIFIC IMPORTANCE OF THE STUDY

This project demonstrated that within a technology-
rich environment using problem-based learning sce-
narios, students can be engaged, motivated, and deeply
involved in learning both process as well as content.
More important perhaps are questions concerning those
classrooms in which students were not as engaged or
interested in learning. This presentation addressed vari-
ables that may account for less-than-hoped-for results.
Among initial indicators are: the relevance of the prob-
lem to the students; student age and ethnic background;
social-economic-status; the teacher's skill in handing
inquiry environments; regional differences; prior knowl-
edge; and the students' experience in selfdirected learn-
ing environments. Design considerations, especially in
the area of creating relevant, authentic contexts for
learning, and implication for teacher workshops and
support materials were addressed in this presentation.

*The ETE project was developed at the NASA COTE
Funding for ETE was provided by the Information In-
frastructure Technology and Application Program un-
der cooperative agreement NCC5-107.

8 4



Theme Session IC: K-I2 Curricula

Geoscience Content as a Part of an
Integrated Earth Systems Approach in
Middle School.
Dan Jax, Bexley Middle School, 2356 Brentwood Rd.,
Bexley, OH 43209 USA.

The science curriculum at Bexley Middle School is
based on an Earth Systems approach that has been de-
veloped over the last several years through projects at
The Ohio State University and the University of North-
ern Colorado. Earth Systems is an integrated approach
to the teaching and learning of science that uses Earth
as the context. Earth is composed of the varied systems
of air, water, land, life, and ice. These systems do not
exist independently, but interact in a variety of ways. It
is the interactions among these systems and the hu-
man impact on these interactions that we focus on in
the science curriculum at Bexley Middle School.

Specific topics that include integrated science con-
tent are Ecosystems, Population Dynamics, Resources,
Wetlands, and Change Through Time. These are topics
that show up in many different biology, and maybe some
earth science, curricula. By exploring how we study
wetlands, the integrated nature of the curriculum may
be revealed. We begin the school year by looking at
humanconstructed drainage systems in our city. Stu-
dents locate storm sewer openings in curbs and streets
and use maps from the city to find out that storm water
(and anything else dumped on the surface) ends up in
the local stream. They are able to identify storm sewer
drainage divides and basins. Students realize that their
city is not isolated from the surrounding areas when
they see how water moves into, through, and out of the
area.

From this introduction, students study natural drain-
age systems using topographic maps and discover places
where water does not drain well and produces wetlands.
All students participate in a full day field trip to a local
wetland (a Metro Park). On this day, students collect
data about all of the following:

1. microscopic and macroscopic organisms in the Water
identify and record what they are doing,

2. macroscopic organisms on the water (mainly
birds)identify and record what they are doing,

4. macroscopic organisms on land adjacent to the wa-
ter in two different areasidentify and record what
they are doing.

5. rocks found in the soildescribe and identify,
6. chemistry of the water and soils (from two different

places),

7. temperatures of the soil, water and air (at three dif-
ferent levels)includes continuous sampling of soil
and air temperatures over a three hour time period
using a calculator and CBL,

8. general description of the soils, and
9. obvious changes in the wetland in the recent past.

Extensive preparation and follow-up is done. Rela-
tionships among the data are discussed and explana-
tions emerge. Finding rocks from Canada in the soil
reveals the glacial origin of the wetland (a kame and
kettle complex). The role the rocks play in determining
the chemical parameters of the water the students mea-
sured is discerned. How the chemistry of the water and
soil affect the organisms that live there is explored. The
idea of microclimates and the factors that affect them
comes from the soil descriptions and temperature data,
particularly the time-series air temperatures. Students
can explain why soil and groups of organisms can differ
between two places that may only be 50 meters apart.

An important part of the follow-up for this trip is
deciding what kind of impact humans have had on the
wetland. A few things are obviously recent (tree lines
from a field, old part of a roadway). The wetland is sur-
rounded by farmland. Students use the chemical data
(especially nitrate and phosphate levels) to try to evalu-
ate the effect of chemical run-off. The area is also start-
ing to be developed with single-family homes. After
studying runoff in our city, students predict what fu-
ture effects this development may have on the wetland.

The wealth of data lends itself to using a jigsaw ap-
proach in the classroom. Using the collected data and
doing additional research, groups of students become
experts on different aspects of the wetland. Each group
presents their information in printed form along with a
presentation. This is followed by a written report done
by all students based upon the reports of all the groups.
The relationships among the different parts of the wet-
land, including the interactions of the subsystems of
air, land, water, life, and ice are described by the stu-
dents. In this way, they develop a broad view of what a
wetland is, how it is valuable to humans, and how hu-
mans can have an impact on it. Perhaps it is apparent
that all five of the topics listed above as being integrated
are a part of our study of wetlands. When you study Earth
as a set of interacting systems, you are doing science in
its most complete and understandable way.

When restructuring a science curriculum using an
Earth systems approach, there is much more involved
than integrating content and changing perspectives on
that content. Group learning and alternative assessment
provide students opportunities to share knowledge in a
variety of contexts. All students have an opportunity to
make use of their strengths and to help each other with
their weaknesses. Assessment of students includes pre-
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sentations of individual and group projects, openended
individual essay-type tests, using scoring rubrics, the
evaluation of student conceptions and pre-conceptions
with concept maps and other methods, and the build-
ing of a portfolio with authentic work kept in printed
and video formats.

Doing Earth Science Investigation
Before Learning Basic Knowledge in
an 8th Grade Earth Science Class.

Mary Colson, Moorhead Junior High School, Moorhead,
MN USA. Russell 0. Colson, Moorhead State University,
Moorhead, MN USA.

Secondary earth science curriculum is often dictated
by a textbook which provides the teacher with the in-
formation, the order of lessons, the worksheets and lab
activity sheets. Students usually survey a breadth of top-
ics without having the time to delve deeply into a few
selected topics as teachers work to "get through the text-
book" and cover all the important material. Because
secondary schools teach the general population, geo-
science educators have a responsibility to present sci-
ence not only as the accumulated knowledge of genera-
tions of scientists, but as a way of examining and under-
standing the world we live in.

I have developed an environmental service-learning
project to encourage my students to observe, to think
about, and learn about our local area: the Red River
Valley of Western Minnesota. My students have "adopted"
an underdeveloped city park located along the Red River
of the north to study and are working to develop it into
an accessible natural area. Students learn about drain-
age basins, river flooding and river features, geologic
history of the Red River Valley, glacial processes, trees
and birds of the riparian forest, topographic maps and
orienteering.

Under the umbrella theme of studying a local re-
gion, this sort of project can be used to teach some fun-
damentals of Earth and Life Science. 'fake the following
example of a typical lesson. Flooding is normal every
Spring in the Red River Valley and is therefore a con-
cern of residents of the Valley. My students use past flood
crest data and plot the 50, 100, and 500 year floodplains
on a topographic map of the park and town. We discuss
if student's homes are likely to get flooded yards or wet
basements. We discuss why people build on a flood plain.
We discuss why flooding is an inevitable problem in the
Red River Valley. We take a Spring field trip to the park
and see how much land is underwater and compare this

with our maps of past floods. When the floodwaters re-
cede, we go back and look at what the water left behind.
This project not only allows students to investigate but
also provides them with opportunities to work together
and to develop their writing and communication skills.
Students built and now maintain a self-guided nature
trail along the river; they also create trailhead displays,
write or update the trail guide, and maintain bird boxes.
The common thread that connects these topics is "our"
park.

How effective is this kind of curriculum? If we sacri-
fice breadth for depth, do we nurture scientifically liter-
ate teens? We have developed an Earth Science Basics
test that seeks to test if this type of curriculum helps
students to learn the fundamental concepts of geology.
We have tested 120 eighth grade students; 60 are en-
rolled in an accelerated activity-based earth science class
and 60 are enrolled in the class described above. The
same test is being used in a nontraditional Earth Sci-
ence college class. Students take a pre and post test;
results are available from the authors.

Tropical Rain Forests Forever: Earth
System Science with Constructivist
Instruction Strategies.
Barbara J. Decker, Longfellow Middle School, 1155 Elm

Grove Street, Elm Grove, WI 53122 USA.

The Tropical Rain Forest theme easily lends itself to
constructivist instruction strategies enabling students
to work in traditional labs, but perform experiments of
an integrated nature, using historical investigations and
technology, including the internet. Because of the rapid
growth of the world population and demands for natu-
ral resources, many tropical rain forests are threatened.
We have destroyed large areas by clearing land for farms
and cities. Mining, ranching, and timber projects have
added to the damage. Scientists estimate that 50 mil-
lion acres are destroyed annually and predict that within
the next 25 years one-quarter of all biological diversity
in the world (more than a million species) will vanish
with the destruction. The last extinction of this magni-
tude occurred with the extinction of the dinosaurs 6.5
million years ago. We need to protect what we still have.

Integrated sciences in this thematic unit ensure that
students realize Earth is one, a fragile system where
everything is related and depends on everything else.
Constructivist lab activities, experiments and research
in local libraries and on the internet are designed for
student input with direction by general science teach-
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ers. The transition from traditional courses requires
curriculum planning and teacher training, but neither
takes extra time in the classroom nor additional fund-
ing. Tropical Rain Forests Forever can be covered in al-
lotted science time in the classrooms, labs, outdoor ar-
eas, in the field, and on electronic field trips. Topics can
be covered at school, in local libraries, and at home. All
students, regardless of ability and aptitude, will be in-
volved in helping to design curriculum with their ex-
perimentation, predictions, and problem solving.

Even though tropical rain forests may be at a dis-
tance, we all have natural resources in our immediate
area to protect and compare with the rain forest. Issues
such as acid rain and global warming relate to us all.
Every student needs to learn about plant and animal
life, minerals, cycles, land forms, atmosphere, and
oceans, in order to aid in the safekeeping of our planet.
This module offers a wealth of areas which will enlighten
students regardless of locale. Some experiments include:
Photosynthesis and light measurement; Vapor transpi-
ration, the water cycle, and water testing; Carbon diox-
ide emissions and acid rain; Fertile soil, soil erosion,
and soil contaminants; Historical natural resource in-
vestigations; Medicines and extracts; and Weather,
clouds, and atmosphere. Individual and group topics and
activities include: Debates/panel discussions represent-
ing interest groups; Historical essays on conservation
and social implications; Habitats and adaptations; Popu-
lation growth and dynamics; Protection agencies; Car-
bon and nitrogen cycles; Migration of songbirds and
butterflies; Food websbats, nonhuman primates, el-
ephants, and microorganisms.

This module may be taught in the amount of time
available with one common theme. To quote George
Schaller, one of America's most distinguished natural-
ists, "As an ecologist, you walk around the world and
see the wounds and the scars, and your spirit just cries.
But then you see the future, and you fight on, with hope.
Nothing is ever safe. We have to protect what we still
have."

Earth Science Student Teachers.

Jeffrey Frey, West Carteret High School, 521 Sabiston
Dr., Swansboro, NC 28584 USA.

Earth Science Student Teachers (ESST) is our pro-
gram which trains high school students as an outreach
effort to provide elementary classes with Earth Science
and Earth Systems enrichment. Secondary Earth Sci-
ence students organize interactive laboratory plans and
coordinate their efforts with cooperating primary in-

,

structors for curriculum articulation, as well as with
science professionals and instructors for content accu-
racy. During the two years this program has existed,
approximately 50 ESST have presented lessons to over
1,000 emerging Earth Scientists.

The main objectives of this program are to enhance
the Earth Science curriculum, teach stewardship of
natural resources, and share academic Earth Science
resources and knowledge. Based on teacher apprais-
als, all objectives have been met and far surpassed.
Some of the lessons which have been repeatedly re-
quested by teachers as well as their students are Fossil
Safari, Weather Measurements, Trash-a-Thon, and Big
Crystals.

Our ESST, using the high school's references and
resources, prepare and organize lessons for elemen-
tary students. This process includes making arrange-
ments with a cooperating teacher and checking con-
tent with a professional as well as having permission
slips signed. Science professionals (e.g. oceanogra-
phers, meteorologists, and science professors) are to
ensure that the presentation will be interesting and
scientifically correct. The student teacher then travels
to the cooperating teacher's class to conduct the pre-
sentation. While the ESST student conducts the pre-
sentation, the cooperating teacher evaluates and makes
recommendations. Participation in the ESST program
counts as a major project or test. ESSTs are required
to evaluate themselves and have feedback from the
cooperating teacher (all of which has been very posi-
tive). Each of the cooperating teachers has asked us to
return. The program has been conducted in 10 schools
in two counties. Our ESST students have mainly tar-
geted grade levels K-3, placing an emphasis on the
age difference. The high school students who have
participated in this program have ranged in academic
ability and include grades 9-12. The ESST gains knowl-
edge though intensive preparation.

As a result of the program, primary students and
teachers have taken field trips to West Carteret High
School. Field trip investigative activities include hydrol-
ogy (95-96 ES classes installed three ground water
monitor wells), exploration of 10 tons of fossil material
(from Lee Creek PCS mine Aurora NC), and weather
observations with two types of weather stations. The
most important outcome is that all participating stu-
dents are made more alert, observant, and attentive,
about the Earth. Some secondary students, as a result
of participating in this program, have chosen careers in
education and in science. Three ESST's have taught their
younger siblings. Some participants have returned to
their own elementary or primary school teachers sim-
ply to say "Look, I'm doing all right" and "Thanks." Over
a thousand young students have experienced quality
Earth Science activities. The program has taught our
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secondary students a new appreciation for science, edu-
cation, and the world around them.

An Integrated R-12 Earth Science
Curricula Model.
Bronte Nicholls, Muirden Senior Secondary College,

Adelaide, AUSTRALIA.

Enrollments in senior secondary Earth Science
courses around the globe appear to be falling. The prob-
lem was highlighted by many presenters at GEOED I,
and does not appear to be improving. A question often
asked by University faculty heads and industry is "How
do we encourage students to undertake studies in Earth
Science?"

Most primary teachers experience the enthusiasm
young children display when confronted with pictures
or videos of volcanoes, earthquakes or dinosaurs. Chil-
dren enjoy collecting rocks and fossils, and are keen to
learn about them. When children reach secondary
school, Earth Science is an area often overlooked, with
curricula being dominated by biological and physical
sciences, and they lose touch with the area that once
interested them. If they are lucky they may have some
Earth Science in Geography courses.

Recently in Australia, implementation of National
Statements and Profiles covering eight learning areas
has occurred in most schools. Science is one of these
learning areas, and within this Statement is a strand
Earth and Beyond primarily covering Earth Science
topics. This new approach ensures that each child will
be exposed to Earth Science throughout their 10 years
of compulsory schooling.

The problem of how to encourage senior secondary
students to undertake studies in Earth Science still re-
mains. In South Australia a new Year 12 Geology sylla-
bus has been introduced. This has been ten years in the
making and many people from the secondary and ter-
tiary education sectors and industry have been involved
in its development. The new course includes traditional
solid Earth topics, but is followed in the second semes-
ter by applied topics such as geological hazards, sus-
tainable development and ocean/ atmosphere interac-
tions. These changes have been made to appeal to stu-
dents wishing to study a science AND to become more
informed about current environmental issues. The ar-
eas include water resource management, past and fu-
ture effects of asteroid impacts, global warming/cool-
ing cycles, ozone depletion, and impacts of mining.

As Earth Science educators we need to keep our cur-
riculum in line with societal needs, to provide access to
current research and ideas and to help students under-
stand that studies in Earth Science will provide them
with skills and ideas appropriate to life in the twenty
first century.

Evaluation of Earth Systems/Earth
Science Curricula.
Mary Bishop, Saugerties Junior/Senior High School,
151 Albany Avenue, Kingston, NY 12401 USA.

Since 1970 New York State has had a successful Re-
gents Earth Science Program. Today, however, that pro-
gram does not sufficiently address the needs of the stu-
dents of the 90s. The Earth Science Program Modifica-
tion, of which I have been an integral part for seven
years, has proved to be a much preferable vehicle of in-
struction.

The major additions to the existing configuration of
the syllabus include

O an expanded lab performance component which
stresses several essential scientific skills that should
be mastered by each student.

O a project which requires each student to make and
record scientific observations, interpret the data, and
communicate the findings, and

O written (free response) interpretations to Earth Sci-
ence related situations and problems.
This multifaceted assessment offers students more

opportunities to demonstrate the mastery that they have
acquired than the older strictly multiple choice Regents
exam offered. In the written responses students must
use complete sentences which we have used to integrate
English practices into Science. The project portion en-
gages students in "doing Science" not just hearing about
it. The skills that are tested on the performance test at
the end of the year are those that are used throughout
the year during the lab sessions which happen at least
two periods a week. Analysis of the scores from the last
three years show that the percentage of students achiev-
ing mastery level scores (85 or more) has increased sig-
nificantly.

One major change has been made in the content area.
That is the addition of a unit entitled Environmental
Awareness. It includes such topics as the interdepen-
dence of Earth's living and non-living systems, pollu-
tion of Earth's water, and living in balance with our natu-
ral environment. I believe that all of us who have been
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using this program modification have strived to weave
this unit throughout the year. The eight other major
units are: Measuring the Earth, Minerals and Rocks, The
Dynamic Crust, Surface Processes and Landscapes,
Earth's History, Meteorology, The Water Cycle and Cli-
mates, and Earth in Space. These areas are called the
core and are the basis for the statewide Regents exam.
In addition, the following extended areas may be in-
cluded at the discretion of the individual teacher: Rocks,
Minerals and Resources, Earthquakes and the Earth's
Interior, Oceanography, Glacial Geology, and Astronomy.

Systematization in Teaching Method of
Outdoor Education.
Masakazu Gotoh, Minamishitaura Jr. High School, 1550-

13 Nagae, Hayame Kanagawa, JAPAN.

We can capture student interest in learning science
by relating concepts and ideas to the environment in
which they live. They can see science as it relates to
other school disciplines such as social studies and his-
tory. Outdoor learning effectively relates to the variety
of interests and abilities of students because of the vari-
ety found in nature. Through assistance from the cura-
tor of a science museum, a specialist from the environ-
mental protection society, and the school district's na-
ture specialist, I was able to adjust my curriculum in
biology and geology to incorporate the outdoor learn-
ing. This allowed me to integrate science with a variety
of other subjects, including the study of the Japanese
language and of English, cooking, fine art and some
technology. I will continue development in my school
with the assistance of those cited above, plus a local
university professor.

The Event-Based Science Way To
Teach Science.
Frank Weisel. 880 Quince Orchard Blvd. #201,

Gaithersburg, MD 20878 USA.

Event-Based Science (EBS) is a whole new way to
teach middle school science. Each unit begins with tele-
vision news coverage of a real event. After discussing
the event, students are given a challenging task to do.
For example, Oil Spill!-an EBS unit on ocean-system
concepts-begins with CNN coverage of the Exxon Valdez
spill into Prince William Sound. In Oil Spill! the task is
to investigate a port city with respect to its suitability as
the site for a new oil terminal. Concepts of tides, cur-
rents, marine life, and topography of the harbor are
learned and immediately applied by students as they
select among competing sites.

Event-Based Science books are unlike regular text-
books. An EBS book tells a story about the event; it has
newspaper articles about the event, and essays that ex-
plain scientific concepts involved in the event. It also
contains open-ended laboratory investigations for stu-
dents to conduct in their science classes and interdisci-
plinary activities for them to do in English, math, so-
cial studies, and technology education classes. In
addition, an Event-Based Science module describes in
detail the real-world task that is the focus of the unit's
work. The task is always done by teams of students, with
each team member performing a real-life role as they
complete an important part of the task. Interviews with
people who actually serve in those roles are scattered
throughout the Event-Based Science module. Middle
school students who experienced the event tell their
stories throughout the module too.

A review of middle school instructional materials
recently published by the National Science Foundation
cited Event-Based Science for its:

O strong inquiry focus

O use of authentic assessment
O student-centered design

O interchangeability of modules, and

O relevant tasks

Earth Science titles currently available from the
Event-Based Science Project include: Oil Spill!, Hurri-
cane!, Earthquake!, Toxic Leak% Flood!, Asteroid!, Vol-
cano!, Gold Rush!, and Tornado!
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Session Summary IC: K-12 Curricula.
This Summary was prepared by William Hoyt, Theme
Session Coordinator. Discussion leaders were Hoyt,
Masakazu Gotoh and Dan Jax.

K-12 issues were the subject of this session. One
breakout group focused on using the team approach of
assembling many teachers together in K-12 settings
primarily middle school and high school settingsto
study systems. Watershed systems were featured in a
number of presentations. Most of these groups of teach-
ers had gotten together in a common planning period,
which requires administrators to schedule their plan-
ning times together each day. This allowed the teachers
to have regular quality time to get to know each other,
to understand what was good about things they were
doing and what they could build upon as a team. One
report from a teacher team in Idaho said that 85% of
their money for field work came from the state. Many of
the teams described how they would send some teach-
ers out into the field with students while other teachers
would stay and work on laboratory and computer ac-
tivities. All of them agreed on the need to clearly iden-
tify the problems they wished to study; as they ap-
proached solutions, they had to allow time to debrief
those solutions and to share them with each other. The
teacher teams spoke favorably of integration of more
subjects than just science or math or social studies. In
fact, one team included an English teacher.

A theme that emerged in many of these discussions
was the need to find ways to broaden the curricular at-
traction for studying systems. Engineering schools now
spend a lot of time and energy trying to identify engi-
neering degrees which study systems, because in most
cases that's what engineers are hired to dowork on
some kind of a system, not just electrical aspects of a
Boeing 747, but all of the physical and mechanical sys-
tems that go into that. Similarly, teachers were very
excited about working with each other after they had
done it. Before they had done it, they were scared to
deatha lot of sweat, a lot of concern, a lot of issues of
"Can I really work with this person if they don't under-
stand my discipline? And I certainly don't understand
theirs." Once they started doing it they were much more
comfortable engaging in that process.

The second element suggested by that group was that
we need help on grantsmanship: how do we

G write proposals for grants

G acquire nonmonetary support
O find out about the variety of funding sources

G get time to work together and generate ideas that
can be funded?

Another focus group met and discussed "How do we
assemble a middle school earth science curriculum?"
In the U.S. many approaches are used. Many people are
looking for kits and cookbooks that integrate science.
We had a lot of discussion about the variety of sources
and materials that are available but came to the con-
sensus that there really is not a single place to go to get
everything you need. Communities need to define what
is important in their local setting and that's very diffi-
cult to do. It requires time, energy, and lots of support.
The folks who had been successful in doing this de-
scribed high levels of support from their administra-
tors to do so, and they required that in writing before
they started.

The second group reported that they had discussed
two major issues: one was the responsibilities of stu-
dents as learners. It dovetails with the second, the mo-
tivation of the students. The approach that they sug-
gested was that in the student's daily lifewhat they do
in school, in classes, what they do in home, what they
do with their families, what they do in their jobs (if they
hold jobs), what they do in taking examinationsall of
those elements of their life need to be part of the
student's responsibility to learn. They need to under-
stand and have full disclosure about their educational
training and how the final exams will use elements they
have been learning through the entire semester. As we
go into this phase of having the student take the re-
sponsibility of learning, a teacherand the learner
sets the agenda for learning. A very different balance
between student responsibilities and the responsibili-
ties of the teacher emerges.

The last group from the afternoon session wanted to
know what the common elements of successful curricu-
lum development processes were, if they require prob-
lem solving skillslearning how to think, identifying
the habits of mind againa similar theme from what
we had before. They suggested that the major themes
from the National Science Education Standards (see
Rodger Bybee's address) were not setting the agenda
for curricula but were appropriate for what we needed
to do. Their last comment had to do with the process of
change. They emphasized how hard that process is
within communities. How do we lift students to a higher
level of performance and engagement? Those attributes
are related to each other and are involved in the change
process. The group suggested that to undertake a change
process we need change agents. We all have seen them
and used them, and perhaps been some of them, but
these agents need to have support from their adminis-
trators to be successful in implementing change.
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Session ID: K-12 Programs
Norikazu Osumi and Judith Riestra, Moderators

In many areas of the world, geoscience education has benefitted from state and national curriculum

restructure efforts. Reports from four continents and the Pacific Rim islands describe such impacts, most

of which hold the promise for positive change. Presentations in this set dealt with the need for separation of

Earth systems education from physical geography, a need for training and retraining teachers for new

ways of teaching, and methods for integrating content. The session papers reinforced the importance of

regional/local information for relevance to K-12 students.

Maps Across the Curriculum: A South
Carolina Model.
John R. Wagner and Peggy W. Cain, Department
Geological Sciences, Clemson University, Box 341908,

Clemson, SC 29634 USA. James B. Berry III, Land

Resources Division, South Carolina Department of
Natural Resources, Columbia, SC 29208 USA.

The SC MAPS project (South Carolina Maps and
Aerial Photographic Systems) is an award winning
middle school earth science curriculum package pro-
duced in collaboration with a variety of state agencies,
geoscientists, and educators. It was developed originally
to help students visualize relationships between South
Carolina geology and statewide patterns of land use and
development by interacting with a variety of carto-
graphic products and remotely sensed images. These
products range from topographic and shaded relief maps
to high altitude photographic and satellite images which
together serve as the framework for hands-on student
learning activities.

Each of the five major landform regions of South
Carolina is illustrated by one or more local study sites
representative of that region. Each site highlights areas
of geological or historical interest and contains features
that are clearly visible on high resolution infrared aerial
photographs and/or infrared satellite images, as well as
on topographic maps. A separate set of special purpose
maps and images of the entire state provides informa-
tion on topography, geology, soils, land use/land cover,
and cultural features. Middle school students use class-
room sets of these cartographic products, laminated for
repeated student use with wipe-off pens, to investigate
the influence of geological and cultural processes on
landscapes of the past, present, and future. A Teaching
Manual contains narrative background information and
sets of student activities and exercises which are keyed
to the various cartographic products.

The expanded SC MAPS materials model current
middle school initiatives towards providing interdisci-
plinary team approaches to learning. Using the geologi-
cal framework of South Carolina as the basis for the-
matic study, new curriculum components emphasize
social studies (historical and economic data), mathemat-
ics (computational and problem solving skills), language
arts (storytelling and cultural diversity), as well as sci-
ence (environmental concerns). Pedagogical strategies
such as cooperative learning, constructivism, and per-
formance-based assessment are incorporated within the
program. The emphasis on local and statewide concerns
stimulates student interest and involvement and pro-
vides common ground for interdisciplinary problem
solving.

Integrating Earth Systems into the
Utah Statewide Science Core.
Brett Moulding, Utah State Office of Education, 250 East

500 South, Salt Lake City, UT 84111 USA.

The State of Utah has revised the Secondary Science
Core that guides science instruction throughout the
state. One important feature of this new Core is the in-
troduction of an Earth Systems Science course at the
ninth grade level. Earth, space, life and physical science
are integrated in this year-long course that is targeted
for all students. The curriculum course description was
developed using Project 2061's Benchmarks for Science
Literacy as a guide in determining appropriate content
and process skills. The course standards and objectives
place a strong emphasis on students engaging in active
learning experiences.

This ninth grade Earth Systems Science course pro-
vides a working model of a statewide effort to integrate
an Earth Systems instructional approach with systemic
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education reform. This is particularly significant because
education reform and Earth systems/environmental
education generally do not connect with each other.
Most proponents of Earth Systems education do not take
advantage of systemic education reform efforts in imple-
menting their programs. Similarly, most education re-
form efforts do not realize that Earth Systems educa-
tion provides an excellent venue for implementing the
reforms that they propose.

The Utah Earth Systems Science course embodies
many of the components of systemic reform. It is part
of the statewide program for science education and will
be included in statewide assessments. A broadly based
collaborating network is involved in developing lessons
keyed to the core, training teachers throughout the
state, disseminating information about and resources
for the course, and establishing a web site to specifi-
cally support teachers and students working with this
Earth Systems Science course. Collaborators include
teachers, staff from the Utah State Office of Education,
professors, scientists, resource agency personnel and the
West Ed Regional Education Laboratory. In addition, the
integrated content and the emphasis on process skills,
student inquiry and personal relevance all support the
methodologies and goals of education reform.

Earth Science Education in the
Philippines through &MEMO!?
Miguel Cano, Yasuo Maeda, Science Teacher Training

Center, University of the Philippines, ISMED, Diliman,
Quezon City, PHILIPPINES 1101. Norikazu Osumi, Kyoto-

School of Education, 1, Fujinimori, Fukakusa, Fushimi-

ku, Kyoto, JAPAN 612.

Science and Mathematics Education Manpower De-
velopment Project (SMEMDP) commenced in 1994 as a
cooperative project of the Republic of the Philippines
and the Japanese government through the Japan Inter-
national Cooperation Agency (JICA) to upgrade Science
Education in the Philippines. This five-year project in-
cludes (1) the dispatch of Japanese Science Education
experts, (2) counterpart training, i.e. training of Fili-
pino educators in Japan, and (3) provision of science
equipment and facilities. As part of the SMEMDP, the
National Training Program for Earth Science Teachers,
among others, was held in 1995 at the University of the
Philippines' Institute for Science and Mathematics Edu-
cation Development (UP-ISMED). This subprogram was
supported by the Department of Science and Technol-
ogy, Department of Education, Culture and Sports, and

the Commission on Higher Education. The staff of
Earth/Environmental Science Education Workgroup of
UP-ISMED who worked closely with the assigned ex-
perts became the trainers. About sixty (60) earth sci-
ence teachers, who were representatives of the 15 re-
gions of the country, received the national training to
become trainers for their respective regions.

'Science 8ducation' in. the 4)
CANO.-Miguel MAEDA. Y.tsup

lispertirr.1 th. 14:Sm... I.

Those trained on the regional level then became the
trainers for the school division level. Source books for
teachers were developed to facilitate the training on both
the Regional and Division level. The project is still in its
early stage, yet it has yielded some positive results as
manifested in the enthusiasm of the teachers who re-
ceived the training. The program aims to enhance the
potentials of Filipino educators to be trainers, not only
in the Philippines but to some other countries as well,
especially in the Asian region where (1) they can com-
municate well in English and (2) they live on "tectoni-
cally beautiful" islands being located along the Pacific
Ring of Fire, next to the Pacific where typhoons are born.
Thus, they have a great exposure to natural
geophenomena. The outcome of the project will greatly
influence the development of the curriculum for the 21st
century in Earth Science Education in the Philippines.

Earth Science Education in South
African Schools: Is the Tide Turning?
Roger L. Gibson, M.C. Doidge and G.R. Drennan,

University of the Witwatersrand, Private Bag 3, WITS,
Johannesburg, SOUTH AFRICA 2050

Despite an economy which is dominated by the Min-
ing and Minerals Industry (accounting for 42% of all ex-
ports in 1995), South Africa produces fewer than 100 Earth
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Science graduates per annum, a figure which does not meet
current Industry needs. This situation reflects a lack of
awareness of career opportunities in Earth Science among
school-leavers, brought about by two factors:

1. In contrast to the Life, Physical and Mathematical
Sciences, Earth Science does not exist within the
current National School Curriculum as a distinct
subject. Earth Science topics are, instead, incorpo-
rated as a minority component within the Geogra-
phy subject area, which is dominated by Human and
Social Sciences.

2. The overwhelming majority of Geography teachers
nationally (over 90%) are trained exclusively within
the Humanities field. Their lack of science qualifi-
cations negatively impacts the Earth Science cur-
riculum component, with two consequences. Stu
dents with an interest in science are not made aware
of the scope and career opportunities within this
field, and a high proportion of students registering
for Earth Science at the tertiary level are underpre-
pared relative to those registering for other Science
subj ects.

Faced with closure due to extremely poor staff-stu-
dent ratios (national average 1:5), University Earth Sci-
ence departments have recently sought to address these
problems by, inter alia, providing short courses to Ge-
ography teachers and information talks at schools, and
by promoting Earth Science related extracurricular ac-
tivities; however, these measures cannot realistically
redress the imbalance within the existing curriculum.

Following the 1994 transition to democracy, the
South African Government has embarked on a compre-
hensive restructuring of the national school curricu-
lum, aimed to commence in 1998. Intensive lobbying
by the Geological Society of South Africa and the De-
partment of Geology at the University of the Witwater-
srand has led to the incorporation of Earth Science as a
component of the Natural Sciences, one of the eight
learning areas identified. For the first time, students
will be able to study Earth Science together with the
Life and Physical Sciences.

The National Education Department has adopted the
outcomes-based approach currently in use in countries
such as Australia, Holland, New Zealand and Scotland.
Specific outcomes adopted by the National Committee
for the Natural Sciences learning area are aimed at the
acquisition, development and application of knowledge
and skills which will have relevance both within every-
day life and for socioeconomic development, as well as
emphasizing an appreciation for, and the judicious man-
agement of, natural resources.

We reported on the progress in developing the Natu-
ral Sciences curriculum for Grades 1-9. One of the aims

of this work is to emphasize links between the Earth,
Physical and Life Sciences, which is in line with the
philosophy of Earth Systems Science. A fundamental
change in teaching strategy will also be implemented
to move away from the current, content-driven, ap-
proach to a skills-acquisition approach. The emphasis
will be on process-oriented learning. It is envisaged that
comprehensive teacher restraining programs will be
needed to overcome initial difficulties with implemen-
tation of the new curriculum. The challenge of apply-
ing this in a multi-cultural society with a legacy of strong
imbalances in the quality of teachers and education is
also being addressed.

The System of Geological Concepts in
the School Physical Geology
Curriculum.
E.M. Nesterov and D. Finarov, Herzen State

Pedagogical University of Russia, Moika 48, St.

Petersburg, RUSSIA.

Earth science (geology) today is not an independent
school subject in the present-day Russia. It disappeared
from school curriculum as an independent discipline
in the 1950s. But before that, in 1920s-1930s, geology
became a compulsory subject in the school curriculum.
It was the time when there appeared textbooks of geol-
ogy for schools, methods of teaching geology, geologi-
cal museums and special classrooms (Nesterov, 1996).
Now some geological ideas are considered within geog-
raphy courses.

Students' general knowledge of rocks, minerals and
geological processes (erosion), gained from the natural
study course (4th-5th grades), is used to help form the
geological notions in the elementary course of physical
geography.

The system of geological concepts in the elemen-
tary course of physical geography (6th grade) lies in the
topic "Lithosphere": the inner earth's structure (the
core, the mantle, the crust), igneous, sedimentary and
metamorphic rocks, the earth's crust shifts, earthquakes,
volcanoes, hot springs and geysers. Besides, students
are supposed to form a notion of mountain and plain
changes caused by inner and outer processes. Students
study their local relief and rocks' distinctive features
during their country excursions in the fall.

The 7th grade course "Geography of the Continents
and Oceans" contains geological concepts. Section one
"Lithosphere and the Earth's Relief" investigates the
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main hypotheses on the origin of the continents and
deep-sea trenches. Relief is viewed as a result of the in-
ner-outer processes interaction. Every topic on conti-
nents in Section "Continents and Oceans" deals with
studies of the relief in interrelation with the geological
structure. The geological history of the continents' for-
mation is regarded as the foundation for the origin of
the present-day main relief and organic forms.

Section "General characteristics of Nature" of the
course "Geography of Russia" contains a large group of
geological concepts. Here the notion of geological years-
numbering is introduced for the first time. Much atten-
tion is paid to studying the folded and platform areas as
well as minerals found there, the earth's crust shifts,
earthquakes and volcanism, and ancient and contem-
porary glaciation. Studying the native land geological
structure and mineral specifics is also provided for. Be-
sides, section "Geography of Homeland" includes the
notion of the mineral resources economic evaluation.

Study of the relief and mountain rocks of the region
is fulfilled during the excursion teaching in nature.
During the excursion, rocks are studied visually. Depth
of learning depends on the knowledge of the teacher.
Volume of knowledge about rocks is not determined in
the program. Relief is considered as a result of interac-
tions of internal and external processes. Relief is viewed
in interrelation with the geological construction in the
section "Mainlands and Oceans" in every topic separately.

In the contents of knowledge about geological eras,
the basic concepts of geological evolution are included
as well as distinctive notions of the plant and animal
world. A big group of new geological concepts is intro-
duced into the course "Geography of Russia" in the part
"General features of nature." Here the notion of rela-
tive and absolute geological age is provided. The folded
and platform areas are studied; connected with them
are mineral deposits , movements of lithosphere plates,
earthquakes and volcanism, both ancient and modern.

In the 1960s, visual study of characteristics of basic
minerals and rocks (colour, brilliance, hardness and
others) was envisaged in the geography curriculum.
Some practical classes were held to provide such a study.
At present these practical works are held only in the
optional course "Geology." The greater attention is paid
to ore deposits (ores of ferrous and non-ferrous met-
als). Direct work on the determination of rocks' locality
is usually realized when studying home regions. Con-
cepts of quaternary is required for explanations of ori-
gins for the most important forms of the relief.

Regrettably, all of the most important concepts of
the nature of Russia are considered from the positions
of the theory of glaciation. The results of the sea trans-
gressions in the quaternary period are omitted. Strat-

egy of economic estimation of natural resources, part
of "Geography of home land," is performed in two stages:
qualitative estimation and quantitative.

Recommendations on the improvement of studying
the geological concepts in the courses of physical geog-
raphy are made on the base of conducting analysis:

1. Deeper studies and understanding of the evolution
of the Earth in the secondary school is based on the
notions of geochronology. The students begin to
study the topic in the 6th grade and go on with it in
the 7th and 8th grades. In the 6th grade, the study
of the nature of the Earth's crust is the main topic.
In the 7th grade, the main attention is drawn to the
history of development and introducing the notion
of lithosphere plates. In the 8th grade these ideas
are used for a deeper study of the history of Russia.

2. The program of physical geography needs to enforce
the role of field studies on the basis of the notions of
the groups of rocks, geological structure and using
the knowledge of the home region in solving the eco-
logical problems.

The modern program for state schools proposes the
carrying out of geological excursions. Excursions are
very valuable for education because they give a good
opportunity for pupils to get vivid, imagebearing, and
substantial impressions by natural objects and phenom-
ena, trace back the conformity of development of natu-
ral complexes. Excursions also can be very useful for
the ecological education of pupils on the local materi-
als (Kadenskij, 1963). The geological objects have their
special value for education. It is not easy to see them in
usual life, but pupils who have never seen the phenom-
ena of the stratified bedding of the rocks, the erosion of
the river banks or the coming of dunes on an excursion
cannot imagine them deeply at the lesson. So it makes
special sense to include geological excursions in the
educational process.

The volume of geology within the school geography
curriculum enables students to shape a certain system
of geological ideas. But such a system is rather frag-
mentary and needs improving. Such a system does not
solve the problem of the students' geological illiteracy
(Mayer, 1991). Of course a lot of learning problems can
be solved easily if teachers are ready to do it (Carpenter,
1993).
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The Study of the Geological Heritage in
the System of Earth Science
Education.
M.S. Vdovets and A.V. Lapo, VSEGEI, sredny pr. 74,

Street, Petersburg, RUSSIA 199026

One of the sharp problems of modern geology in
conditions of active anthropogenic changes of the Earth
is preservation of our geological heritage. Rare geologi-
cal outcrops, localities of minerals, gemstones, paleon-
tologic remains and other geosites of special scientific
and historic importance may be announced as natural
reserves, national and natural parks, and local monu-
ments of nature. All of these geosites represent the geo-
logical heritage. The objects of geological heritage are
the main material base of geology.

The lack of knowledge about geological heritage leads
to destruction of valuable objects. For example, the
unique locality of the late Permian insects "Tikhie Gory"
(object of the 7th IGC) was lost after the flooding of
Kama Reservoir. Everyone should understand that the
slightest damage could lead to irreversible losses for the
future. So the study of the geological heritage in the
system of geoscience education is the necessary condi-
tion of its protection.

It is important to teach pupils to protect our Earth
heritage beginning with primary school. One of the main
tasks of a teacher is to cultivate in school children the
care and love of nature on the base of special knowl-
edge. In universities it is appropriate to study the geo-
logical heritage as a special geological discipline. The
teaching should involve the theoretical bases of study
of the geological heritage with field excursions and prac-
tices on the geosites.

The students should learn to assign a geological ob-
ject to the geological heritage. In this case they must
use the following criteria: the best expression of geo-
logical phenomenon; significant variety of its manifes-
tations; its uniqueness (or on the contrary typicalness
for the region or for the world); the first find of phe-
nomenon and its historical significance in the develop-

ment of geology and mining.
The geological heritage has been classified into types

and subtypes according to specific geological disciplines,
such as stratigraphy, paleontology, mineralogy, etc. Usu-
ally we have geosites of several types. The geological
heritage is being ranked into levels of significance us-
ing geological criteria. There are four such levels: glo-
bal, subglobal, regional and local. The official status of
a geosite (world, federal, regional or local) is to be de-
fined according to its significance level.

The common effort concerning the problem of pro-
tection of geological heritage became much more ac-
tive all over the world. The First International Sympo-
sium on the Protection of the Geological Heritage was
held in 1991 in Digne, France. In 1993 in Cologne (Ger-
many) the European Association for the Conservation
of the Geological Heritage (ProGeo) was established. One
of the tasks of the Association is the compiling of Glo-
bal Indicative List of Geological Sites.

The knowledge about geological heritage allows for
a combination of exploitation of mineral resources with
the preservation of geological phenomenon in natural
conditions for their subsequent study; it allows for the
choice and organization of scientific geological excur-
sions, student and school practical training.

Earth Science Education
in New Zealand.
Glenn Vallender, Dept of Geological Sciences,
University of Canterbury, Christchurch, NEW ZEALAND

Historically, Earth Science and Astronomy have
never occupied a position as powerful and independent
as Physics, Chemistry, Biology, Geography and Social
Studies in our schools. Like many other countries, Ge-
ology and Earth Science is essentially derived from a
British curriculum model and associated with physical
Geography courses. However, with the revolution in our
understanding about how the Earth works, the knowl-
edge explosion could not be accommodated as part of
physical Geography courses. Similarly, traditional Phys-
ics, Chemistry, and Biology syllabi could not keep pace
with nor accommodate our burgeoning understanding
of topics in paleontology, geophysics and geochemistry.

In New Zealand, Earth Science is taught within the
'Planet Earth and Beyond' strand of the national sci-
ence curriculum and is effectively compulsory up to year
twelve (age 15 or the end of third year at a secondary
school).
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The Science curriculum caters for year one to year
thirteen (age 5 to 17), and is presented as strands of
learning. Each strand has detailed achievement aims
and objectives for each year level and is assessed either
by external examination, internal assessment with na-
tional moderation, or by unit standards.

The Science curriculum has the following structure:

A. INTEGRATING STRANDS= Making sense of the na-
ture of science and its relationship to technology

B. CONTEXTUAL STRANDS= Making sense of the liv-
ing world, making sense of the physical world, making
sense of the material world, making sense of the planet
earth and beyond.
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Other areas in which Earth Science topics are dealt
with include, the social change section of the Social
Studies curriculum, senior Physical Geography (years
twelve and thirteen), and senior Biology. Astronomy on
the other hand is taught almost exclusively within the
junior Science curriculum with minor connections to
senior Physics. Earth Science (usually as Geology) is
taught at all seven universities.

The drive to make Science more 'relevant' to indi-
viduals, society, and technology has not escaped the 1993
development of 'Science in the New Zealand curricu-
lum' as one of the seven essential learning areas. This
'new' Science curriculum initiative is part of major re-
forms in New Zealand schools designed to help meet
the needs of a rapidly changing society and economy.
The full impact of these reforms is yet to be felt, and
there is currently much anguish and debate concern-
ing the introduction of a 'seamless' education system
and a hotly debated assessment procedure called 'unit
standards.' The final form of assessment and curricu-
lum delivery is yet to be seen, but workload issues, poli-
tics, and funding are never far from the surface.

Up until 1993, Earth Science education in the sec-
ondary school was a relatively minor part of the junior

Science curriculum and usually simply put off. This was
largely because of inadequate resources, insufficient
numbers of Earth Science trained staff, and lack of time.
With the new Science curriculum, the status of the Earth
Sciences has greatly improved but the problems of staff-
ing and implementation remain the same. Earth Sci-
ence is now an equal partner with Physics, Chemistry
and Biology and is required to be taught up to year
twelve. It is becoming more a part of school science 'cul-
ture.' However, the subject does not enjoy the same sta-
tus at senior high school level. To study Earth Sciences
at senior level a school must offer the general Science
course where Earth Science makes up a quarter of the
year's work. Most schools do not offer senior Science. It
is beyond the scope of this abstract to discuss the rea-
sons for this, but problems relating to resources, staff-
ing, subject competition and curriculum history and
philosophy are some basic causes. Earth Science topics
also have some curriculum connections with year twelve
and thirteen Biology (evolution and genetics), and years
eleven, twelve, and thirteen Geography ('natural haz-
ards,"natural landscapes,' and 'natural processes').

Although the status of Earth Science education in
New Zealand has improved greatly, there is still a long
way to go for it to be a full part of science 'culture.' For
this to occur, resources, training, and adequate fund-
ing are vitally required.

It is important that an 'educated' population knows
about the place of 'their' planet in the universe, that
they know how it works and what people do to it. The
debate of how to effectively deliver what is relevant for
tomorrow's students of Science will continue to evolve.
Earth Science must continue to be a vital part of that
education.

Earth Science Teaching in Venezuela:
A Follow-Up
Judith Riestra, CENEMEC, Aparrtado 75055, El Marques,

Caracas, VENEZUELA 1070-A

The Earth Science Curriculum implemented in 1992
as an experimental curriculum has been followed up in
different aspects. The curriculum evaluation model is
framed in the qualitative paradigm since it is this ap-
proach which gives more insights about how actors com-
prehend it. During this time, teachers and students have
been interviewed in order to get information. These re-
sults are and will be used to restructure this curricu-
lum. Since 1992 some goals have been achieved which
are reported in this paper.
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1. Teacher's attitude towards science teaching. This test
was applied to the participant's teachers at the be-
ginning of the trial, in September 1992. One year
later they were retested. The results were analyzed
with non-parametric statistic, and it was shown there
were no significant changes between the two years.
Interviews with teachers show that they felt very in-
secure with the new curriculum, so it was decided
we would wait a longer period of time to allow teach-
ers to become familiar with it. The test was to be
applied during 1996-97.

2. The structure and sequence of units are a problem
for teachers and students to understand the Earth
as a system. The sequence goes from macro to meso
and micro levels of interactions, and it puts empha-
sis on the features of the Earth's system. The most
difficult level to understand is the meso level. Since
teachers are not used to working with interactions
between geospheres, it is easier to work with very
general or very specific aspects of the Earth in sepa-
rate ways. Atmosphere and hydrosphere interactions
and lithosphere and mantle interactions are aspects
of the Earth unknown by teachers, thus they are dif-
ficult to deal with. At the root of this problem lays
the fact that Earth as a system is not a concept of a
teacher's conceptual frame.

3. One of the most attractive aspects of student's ma-
terials are the readings related to Earth Science Pro-
fessions with emphasis in Venezuela's needs.

4. One of the goals successfully met is the organiza-
tion of university teachers in order to be involved
with curriculum development. This effort should
continue to be strengthened. There have been re-
gional seminars, conferences, and workshops aimed
to get working teams between university and sec-
ondary school teachers. In Venezuela we have a na-
tional curriculum and the dissemination model used
is the center to periphery. This means that there is

little space for university teachers to develop new
curriculum, although this is not a necessity of sec-
ondary school teachers. What these teachers feel is
currently needed is service training for them in or-
der to gain confidence about the new approach of
the Earth Science Curriculum.

A Geo Scientist in my Class?
v

Alejandra Escobar De Graff. McNamara Elementary,
Houston Independent School District, Houston TX USA.

PROGRAM DESCRIPTION

This innovative science program invites children to
discover the real world of science. The hands-on sci-
ence activities are integrated to a certain extent with all
subjects of the curriculum. This integration helps LEP
students develop basic science process skills, learn sci-
ence concepts, improve and expand Spanish and En-
glish vocabulary, improve written and oral communi-
cation skills, and encourages social interaction through
group activities.

Begin with a KWL chart to plan the lessons. To mo-
tivate students, read and discuss The Magic School Bus
Inside The Earth. Then, begin a vocabulary list and ex-
plore fictional and nonfictional parts of the story. To
understand the abstract concept of layers of the earth,
groups of students compare a peach to a drawing of the
earth's interior. They also take an imaginary trip to the
center of the earth on a school bus. Students describe
the trip in their "Geology Journals." After this trip, each
group makes a model of the inside of the earth with
four different colors of clay and presents the model and
description to the class.

A trip through the earth's crust allows the students
to learn about some of our natural resources (soil, rocks,
minerals) and about how important it is to protect these
resources found near the earth's surface. The students
observe, describe, and classify various types of soils that
come from a garden, sandbox, or backyard. A class dis-
cussion about the importance of soil utilization and
conservation follows.

To study rocks and their mineral components, stu-
dents bring "pet rocks" to school. Students observe and
describe each rock's properties (color, texture, shape)
and they measure its mass and perimeter. Students de-
scribe these properties in their "Geology Journals." Each
group prepares a rock collection. To further investigate
the composition of a rock, students "Rock and Roll" (to
the tune of The Dinosaur Bop) some homemade rocks
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in water to observe how rock materials separate and
settle. Students record observations and results. From
this experiment, students discover that rocks are made
of minerals. To conclude the program, students research
and give oral reports about various minerals and ways
to use them. Each student receives a "Super Geologist
Award" upon successfully completing the program.

THE PEOPLE

This program has been successfully used in a third-
grade bilingual class and can be implemented in third-
through fifth-grade ESL, regular, or gifted and talented
classes. The program only requires the classroom
teacher as facilitator. A geologist can be invited to come
and talk to the students about his/her job.

MATERIALS

Different types of soil, coffee can, plastic cup, peach,
knife, dental floss, homemade rock, balance, magnify-
ing class, metric ruler, tape recorder, music, one set of
weights for each group of students.

OVERALL VALUE

This is an exciting and motivating program that: 1)
promotes science literacy, 2) links classroom activities
with real-life applications, 3) teaches critical thinking
skills that are so important to be successful in life, 4)
improves students' oral and written language skills, and
5) exposes students to careers in the science field.

Urban EngineersGeotechnics
Relationship in a Graduate Curriculum.
Roberto Feres, Federal University of Acre/Dept. of Civil
Engineering, Rodovia BR 364, Km 5 - CEP69915-900 -

CP500 Rio Branco/AC, BRAZIL, and Reinaldo Lorandi,

Federal University of Sao Carlos/Dept. of Civil

Engineering, Rodovia Washington Luiz, Km 235

CEJP13565-905 -CP676 -Sao Carlos/SP, BRAZIL.

For twenty years beginning the 1950s, Brazil under-
went an intense and fast urbanization process. Indus-
trial growth and rural modernization affected the cit-
ies' urban quality to the point of challenging urban plan-
ners and managers for their chaotic outcome. As for
Brazil's undergraduate courses, the teaching of geol-
ogy (for instance) is hardly focused, so that engineers
and architects are not provided with the necessary
knowledge about environmental attributes.

The Federal University of Sao Carlos' Urban Engi-

neering Graduate Program intends to produce profes-
sionals from a different approach. It seeks to develop in
them an integrated view of urban infrastructure with
urbanistic patterns and housing, which involves the
working together of problems and solutions of different
nature according to a terrestrial perspective. Focus is
given to medium and small size towns, while the tar-
geted public are civil engineers, architects, surveyors,
geographers, cartographers and geologists who intend
to approach the city problems and planning processes
from a multidisciplinary view.

The Program's course called "Geotechnical Survey
in Urban Sites" refers to the most frequent geotechnical
problems in Brazilian towns, concepts of geology,, ped-
ology, and geotechnics applied to geology engineering,
as well as the main methods of underground survey.
These aspects are given as a required feature within the
Program's range of courses.

Topics such as erosive process, slope stability, build-
ing and road foundation, choice of waste disposal area,
and underground aquifers are discussed as their under-
standing contributes to the search for attributes that
identify demands and ways of approaching them in ur-
ban planning and projecting.

After three years teaching this course, we have come
through fine course works oriented towards urban in-
tervention that considers this site's geotechnical char-
acteristics. Course works have therefore assessed their
problem by making use of technical terms common to
the various professional areas related, as much as per-
ception and high-quality information about the envi-
ronment within which the town is located. By doing so,
the students are stimulated to work out ways of improv-
ing the town's quality and reducing the effects of the
bad site occupation.

Enlargement Proposal of the Program
for Geology in Elementary and High
Schools in Brazil.
Mariuza Trindade, Federal University of Sao Carlos/
Dept. of Biology and Evolutive Ecology, and Reinaldo
Lorandi, Federal University of Sao Carlos/Dept. of Civil
Engineering, Rodovia Washington Luiz, Km 235

CEJP13565-905 -CP676 -Sao Carlos/SP, BRAZIL.

Lately, there has been much discussion about the
preservation and protection of nature and the environ-
ment by the media and schools themselves. Many areas
were reserved for parks, recreation, botanical gardens,
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and zoos, in an attempt to get humans in contact with
nature and preserve natural resources, mainly the
unreplaceable ones.

However, regarding the programs of Elementary and
High schools, little emphasis has been given to Geology
teaching, being only considered in College and under-
graduate programs. Therefore due to the general igno-
rance of the planet's geology, there has been a continu-
ous destruction of rock formations which are beautiful
and very important for the elucidation of the History of
the Earth. Moreover, they could even be used as
sightseeing and recreation areas as well as field study
areas, since they are real natural museums. Based on
this, we can observe a lack of connection between what
is taught at school and real life in the society, related
not only to Geology but also to other matters.

A programmed Ecology course is proposed for el-
ementary and high schools, because it not only serves
as a base for many other Sciences, but also leads to a
better interaction among them, such as Ecology, Bio-
geography, Limnology, Pedology, etc.

The Geology program which is being proposed aims
to reach the Brazilian population through elementary
and high school teachers and students, developing ac-
tivities such as: integration between the Brazilian uni-
versity and the schools, through the Extension and
Especialization courses; official implantation of geologi-
cal content in the School Science Programs, including
in them excursion programs and field classes for the
students, in order to recover the interest, value, and
respect to geological formation, mineral and fossiferous
deposits and archeological sites, creation and organiza-
tion of Geological Science Museums in towns as well as
schools, always counting on the students' cooperation,
in order to make them interested in knowing rocks,
minerals and fossils, and their importance to human
beings; organization of an audio-visual library with
maps, videos and transparencies as well as elaboration
of geological show room projects.

Geoscience Education in Schools:
Experiences of an Indian Teacher.
Raja Shenker. Marine Geology Faculty, Mangalore

University Mangalagangotri 574 199, INDIA

Geosciences is not a separate course of study in most
Indian schools. Geoscience-related topics are taught by
Geography/Social Studies teachers who do not have any
formal training in these topics. The student comes to
know of Geology as an independent optional subject and

of the possibility of pursuing a career in Geosciences
only when he enters the portals of a college. Because of
these reasons, the discipline of geosciences loses many
bright students.

Due to parental and peer group pressure, young stu-
dents take to engineering, medicine and other profes-
sional courses. The number of students opting for sci-
ence, let alone geology, is dwindling at an alarming rate.
I believe, this trend is prevalent in both the developing
and the developed nations alike.

If this trend continues, the day may not be too far
off when geosciences would lose their importance in
the eyes of the society and be relegated to the back-
ground. In order to avert such a disaster, all people con-
nected with geosciences must act now. They must take
the initiative to embark upon a series of programs and
activities aimed at creating interest among children in
geosciences, informing them that they can pursue geo-
science careers in an array of fields, helping school teach-
ers to teach the subject of geology better and also edu-
cating and creating awareness among the general pub-
lic. The last aspect is supremely important because un-
less societal attitude towards geosciences changes, sup-
port for geosciences and its practitioners may not be
forthcoming. This paper summarizes the experiences
of the author in organizing a few programs meant for
school children, school teachers and the common man.

FOR SCHOOL CHILDREN

A few colleagues and I visited schools to deliver lec-
tures (illustrated with slides) on topics that kindled in-
terest in the young minds. A mini-exhibition of samples
of rocks, minerals, ores and fossils with catchy slogans
and posters was organized.

FOR SCHOOL TEACHERS

"Geology Orientation Courses" were organized for
the benefit of school teachers who teach earth science-
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related topics. In the initial courses, a series of lectures
on geoscience topics was arranged. Although the par-
ticipants found the course useful, they felt that it was a
tightly packed program. Subsequently, the course was
redesigned to consist of only two lectures (one on the
role of geosciences in our day-to-day lives and the other
on the rocks and minerals of Karnataka State). Plenty
of time was allowed for discussion and question-answer
sessions. Teachers came up with their own doubts and
queries and those raised by their students in the class-
room. A video film (audio-dubbed in Kannada language)
titled Volcanic Island was screened. It gave a good idea
of volcanic activity, volcanic landforms etc. and of how
people live in such areas. (In fact, on returning to their
home institutions, some teachers requested me to play
the video tape for their school children, which I did.
Being a graduate teacher, it was an interesting experi-
ence for me to see the children watch the film in rapt
attention.)

The participating teachers spent time at the depart-
mental museum examining and studying different types
of rocks, minerals, etc. This was a particularly exciting
experience for them. At the end of the program, a cer-
tificate of participation and a boxed, labeled set of
samples of rocks, minerals, ores and fossils that are re-
ferred to in the school curriculum were presented to
every participant. Course notes were also provided.

FOR COMMON MAN

Stalls were put up at exhibitions in Mangalore city.
Again, samples with catchy slogans, poster materials and
various oceanographic sampling instruments were on
display. The stalls were visited by several thousand
people, including school children.

A Geology quiz was conducted on the All India Ra-
dio, Mangalore, for college students who did not have
any formal training in geology. Winners of the quiz con-
test were awarded prizes. Geoscience was also popular-
ized through talks (with colorful slides) delivered at ser-
vice organizations like Rotary club and on the All India
Radio and also through newspaper articles.

CONCLUSIONS

Invariably, all these activities were successful and
were found useful by the participants/audience. If the
riecessary spark is provided to children in their forma-
tive years, geosciences can draw enthusiastic students
into its fold. Common man can also be made aware of
the pivotal role played by geosciences.

Unusual Problem in Education Reforms.
G.A. Bordovsky and E.M. Nesterov, Herzen State
Pedagogical University of Russia, St. Petersburg,
RUSSIA.

After the USSR disintegration, the new states faced
the problem of a new educational strategy choice. In
spite of all the differences, there is a certain similarity
in the content of the reforms: the compulsory educa-
tion period decrease; the private and other types of edu-
cation permission at all levels; the educational fees
gradual introduction; abolishment of the high school
graduates allotment.

While generally reforming education, it is necessary
to create the programs that will survive various reforms.
The most pressing issue is raising the educational stan-
dards at all levels.

At the background of the continuous changes, the
role of the earth science integrative course is strength-
ening. Without replacing traditionally strong high and
higher school subjects such as physics, chemistry, biol-
ogy, the earth science focuses on the core of all sub-
jectsthe planet Earth, defining cause-result relation-
ships of the nature processes in time and space.

Eschwege Geology Center and the
Espinhago Mountains: The Institution
and a Field Geology Laboratory in
Central Plateau of Brazil.
Geraldo Norberto C. Sgarbi, Department of Geology,
Geosciences Institute, Federal University of Minas
Gerais-IGC-UFMG. Av. Antonio Carlos, 6627, Pampulha,

31270-901 BeloHorizonte, Minas Gerais, BRAZIL. Pedro

Angelo A. Abreu, IGC-UFMG, Director of Eschwege
Geology Center. Rua da Gloria 298, 39100-000

Diamantina, Minas Gerais, BRAZIL.

Eschwege Geology Center (EGC): The EGC was
founded in Brazil's Diamantina town as an independent
institute in 1970 by the German geologist Reinhard
Plfug, to honor the eminent geologist W.L. von
Eschwege, who made the first studies of the Espinhaco's
geology at the beginning of the 19th century. By the
end of 70s the institute was incorporated to the Federal
University of Minas Gerais at Belo Horizonte. To sup-
port the courses, the EGC has available computers, pet-
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rographic and aerial-photograph labs, conference and
class rooms, a reasonable geoscience library and a small
geologic museum.

Location: Diamantina town exhibits a splendid and
well preserved baroque style architecture of 18th cen-
tury. The region has an average temperature of about
25°C in the summer (December to February) and 13°C
in the winter (June to September). The annual rainfall
is about 500 inches, mainly during the summertime.

Courses and Students: There are in Brazil 19 under-
graduate courses of geology, and 18 are state universi-
ties. All of them send their students during vacation for
a traditional two-week field-geology course at EGC. The
students are generally in the final steps of the courses
at their universities. Actually the EGC receives about
150 students/year and all the costs related to the course
are provided by the Brazilian government. There is also
an extended 12 month field-geology course for training
graduated geologists. Besides the geological aspects, the
EGC supports studies of the physical and agrarian ge-
ography, botany and archaeology of the Espinhaco re-
gion. The center is also utilized to host congresses and
conferences.

Methodology: The traditional two week-course in-
volves groups of 2 or 3 students making a geological
map of a previously selected area of about 10 square
miles, according to the interest of the students (pre-
dominance of tectonic or sedimentary aspects, etc).
Before the mapping there are the following steps: (i) a
bibliographical research about the geology of the
Espinhaço Mountains in the EGC's library, (ii) aerial
photographic interpretation of the study area, (iii) a re-
gional two day fieldtrip, including all the students and
teachers. In the specific work phase, the students map
the area using aerial photographs (scale=1:25,000),
make geological profiles, collect samples for thin-sec-
tions, and so on. There is a professor-advisor for every 3
or 4 groups. At night each group and its advisor have a
meeting to discuss general questions about the final
presentation. At the end of the course each group gives
a public presentation of the geological map in the audi-
torium for all the colleagues and teachers. (Unfortu-
nately the advisor is also responsible for the results!)
The final evaluation results are sent to the students'
universities.

Geological Setting: In the southern Espinhaco
Mountains an Archean basement and supracrustal rocks
are overlain by low-grade metamorphic Proterozoic
rocks of the Espinhaco Supergroup, formed mainly by
conglomerates and breccias (diamantiferours), quartz-
ites, dolomites and phyllites showing 15.000 feet of
maximum thickness. There are marine, fluvial, eolian
and debris-flow depositional environments, showing
several kinds of sedimentary and tectonic structures.

Facies developed in the lower portion of this Group in-
dicates formation in a simple shear rift basin. An initial
deformation phase created a large system of open folds
associated with regional uplift, glaciation and basic
magmatism. A second deformation phase of collisional
thrust tectonics has formed a pile of nappes which was
thrusted onto a subsiding foreland basin. The rocks are
generally covered by a savanna-type vegetation and oc-
casional drainage forests.

Session Summary: K-12 Programs
Summary was written by Vic Mayer from notes
submitted by the discussion leaders: Mayer, Norikazu
Osumi, and Judith Riestra.

A variety of issues emerged from among the three
discussion groups, ranging from the nature of the sci-
ence taught being influenced by hot and cold wars over
the past century, to specific programs in preparing pre-
college teachers, to problems experienced by teachers
seeking to implement new courses or teaching meth-
ods and materials in their schools.

The influence of the "New Right" seems to be world
wide. These groups have been successful in causing
the restructuring and reduction of funding for schools
in Australia and New Zealand, downsizing of instruc-
tional staffs in many developed countries, criticisms
of teachers for teaching about evolution and the age
of the Earth in many countries, and outright revisions
of curricula in very conservative local areas to give
credence to "scientific creationism." The influence of
the "New Right" seems to be growing in strength and
must be of major concern to those who teach about
our Earth at all levels.

Often when Earth science is added to the curricu-
lum of a nation such as the Philippines, it is taught by
individuals trained in one of the other sciences. In fact,
this often occurs in other countries where the demand
for Earth science teachers is frequently in excess of the
supply. Someone trained in biology or some other sci-
ence will be asked to teach Earth science. Where school
systems are downsizing, it often occurs that there is an
oversupply of teachers in the school system in some
areas of curriculum and a scarcity of teachers in others
such as in Earth science. Often these vacancies in the
Earth sciences will be filled from the pool of excess teach-
ers from other curriculum areas. The question then
arises, are there special skills and knowledge needed by
the teacher of Earth science that are not developed in
other areas of science or other areas of curriculum? If
so, then special programs are needed for the prepara-



tion of effective Earth science teachers. If not, then sim-
ply providing reading materials may be sufficient to pre-
pare these new teachers of Earth science.

There is a world-wide need for a much stronger Earth
science curriculum in elementary school. The subject
is especially adaptable for teaching basic skills in read-
ing, writing and math, as well as for establishing the
basis for the development of knowledge regarding how
the natural world works. Earth science can also capture
the interest and imagination of young children.

Pre-college teachers lack sufficient training in Earth
science content and methods. A variety of local, state
(provincial or prefectural), and national agencies must
be involved in improving Earth science teacher compe-
tencies. The Korean Ministry of Education, for example,
has provided support for Earth science teachers to par-
ticipate in especially designed programs in several dif-

ferent countries including Great Britain and the USA
over the past decade or so. To be most effective, such
programs must work with a small group of teachers,
providing them laboratory and field experiences, visits
to working schools, and research experiences in Earth
science.

Resources devoted to educational reform must go
primarily to teachers to assist them in attending spe-
cially designed courses, improving their salaries and
social position, and providing them with adequate fa-
cilities, resources, and equipment.

The knowledge and background of teacher trainers
must be improved. They need to be involved in educa-
tional research and teaching materials development, use
the latest technology, participate in pre-college instruc-
tion, and serve with scientists on college and university
programs.
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Theme II: fadh Systems/Science Ind-ruction and Learning
E. Barbara Klemm and Nir T. Orion, Coordinators

Session IIA: Using Technology for Learning at the College and University Level
Ian Clark and Edwin L. Shay, Moderators

Presentations in this session highlighted the wide range of technological tools for learning and teach-

ing Earth systems science. From simple e-mail and video for remote areas, to national courses on the

internet, methods of connectivity were explored. New tools such as GIS, CD-ROMs, virtual reality and data

visualization were demonstrated as means of making information relevant, establishing interdisciplinary

connections, and providing data access for problem based learning. While such technologies have been

used as science tools for some years, their application in education is just developing, offering exciting and

creative means of learning about the Earth as a system.

Supporting Critical Thinking Using
Technology in the Large General
Education Oceanography Class.
William Prothero, Jr., Geological Sciences Department,
University of California-Santa Barbara, Santa Barbara,
CA 93106 USA.

The "Our Dynamic Planet" CD-ROM has been cre-
ated to support student activities that access real data
about the earth, encourage thought about its meaning,
foster discussion about it with their peers, and write
about their findings. In order to eliminate as much ad-
ministrative work as possible, the system allows the stu-
dents to enter homework answers for automatic grad-
ing, take "mastery quizzes," and review their grades.
Writing is done within the software environment which
allows electronic "hand in" to their teaching assistant
or random anonymous distribution for peer review and
return. "Store and Forward" is implemented so students
can create a key disc (floppy) that will allow them to
work at another computer (not connected to an
AppleTalk network), yet still get credit for their work.

The software consists of two modules. The "Class
Master" module provides tools that are common to most
courses. It contains the log-in, writing, grade analysis
and "store and forward" capabilities. It also links to con-
tent modules through setup files that may be custom-

ized by the professor. Templates are provided so that
the professor can create his/her own modules that can
be seamlessly incorporated into the system. Student
activities are logged automatically to a "mailbox" file
on a Macintosh server.

The main content module consists of earth eleva-
tion, volcano, earthquake hypocenter, seafloor and is-
land ages, heat flow, movies, and still graphics. With
these data, students can study plate boundaries and find
evidence for the theory of plate tectonics. Other mod-
ules include homework, a geography game, a profile
game, and other intonation about volcanoes and the
earth.

This material has been used in the UCSB Oceanog-
raphy course, which has an enrollment of about 250
students, since 1995 and has received excellent stu-
dent feedback. The use of this software has been
coupled with a significant increase in student workload
and quantitative content. A term paper substitutes for
the usual midterm quiz, homeworks are required and
must be entered on time, and students are account-
able for all of their work. Student acceptance has been
high. They appreciate the increased clarity of expecta-
tions regarding their performance, increased feedback
on their performance, and increased support with the
difficult material.

Information about this work may he obtained at
http://oceanography.geol.ucsb.edu/courseware-
index.html
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Integrating GIS and Digital Maps into
the Curriculum at a Small College.
Russell G. Clark, Jr., and Timothy N. Lincoln, Department
of Geological Sciences, Albion College, Albion, MI,
49224 USA.

Images, including maps, are central to earth science
education and research. Increasingly, these images are
being created, stored, analyzed and displayed in com-
puter-usable digital formats. Geographic Information
Systems (GIS) are computer systems that facilitate the
display and analysis of spatial data...any kind of data
whether they be geological (e.g., the distribution of
rocks, natural resources, or earthquakes) or non-geo-
logical (e.g., the distribution of hospitals, transporta-
tion routes, or voting patterns). In the past the academic
use and development of GIS has been largely restricted
to geography departments, but like many other small
schools, Albion College does not have a geography de-
partment. Today, the use of GIS has advanced across
disciplinary boundaries to the point where most stu-
dents (especially, but not limited to, earth science stu-
dents) should be aware that GIS exists and should be
able to explore its use at least at an elementary level.

At Albion College the Geological Sciences depart-
ment has taken on the role of introducing GIS to earth
science and other students by establishing a GIS and
Digital Map Laboratory. This lab has been funded in part
through an NSF-ILI grant for the purchase of appropri-
ate computer hardware and software.

The project involves curricular changes at all levels:
(1) the development of two courses (one introductory,
one advanced) on GIS and digital maps; (2) an intro-
duction to digital mapping during our summer field
geology program in the Rocky Mountains; and (3) the
revision of mapping exercises and projects in as many
as nine existing geology courses. The largest number of
students affected by this project is in our Introductory
Geology course (-50 students per semester), where stu-
dents use an elementary GIS package (ArcView) to study
relationships between the spatial attributes of a topic of
their choice.

The lab consists of a local network of nine Pentium-
based PC workstations, plus a Windows NT server, and
a Silicon Graphics Unix workstation. A 18" x 12" digitiz-
ing tablet is attached to each computer and there is also
a 36" x 24" digitizing table in the lab. Other peripherals
include a color flatbed scanner, a transparency scanner,
a color B-size plotter, two color inkjet printers, two la-
ser printers, and an E-size color printer/ plotter. In ad-
dition, the local network is connected to the larger col-
lege-wide network and to the Internet. GIS-related soft-

ware available in the lab includes ArcView GIS (PC and
Unix), ARC/INFO (PC and Unix), ArcCAD, and ER Map-
per (PC and Unix). Numerous digital images (e.g., sat-
ellite images and orthophoto quads), scanned digital
maps, DEM, DRG, and DLG files, as well as other digital
data sets are available for student use.

Establishing the GIS and Digital Map Lab in our de-
partment required solving (or at considering) many
problems. These problems included: (1) locating sources
of funding with which to purchase over $100K in equip-
ment, software, and digital data; (2) finding space for
the lab within a department that was already short on
space; (3) developing the necessary expertise to teach
the relevant courses; (4) developing (or finding some-
one with) the expertise to install and maintain the hard-
ware, software, and local network components; and (5)
finding the time to accomplish all of the above.

A Graduate Level Course in Earth
Systems Science for Middle School
Teachers.
Edwin L. Shay and Robert J. Myers, NASA's Classroom
of the Future, P.O. Box 496, Langley, WA 98260 USA.

Under the sponsorship of the National Aeronautics
and Space Administration's Mission to Planet Earth, the
NASA Classroom of the Future, Wheeling Jesuit Uni-
versity, has developed a graduate level course featuring
Earth Systems instruction. The course is delivered in
16 one-week segments through a Website on the
Internet.

Participating teachers are led progressively through
the concept of Earth's interacting and interdependent
spheres which are driven in large part by solar energy.
They then proceed to system and subsystem analysis,
examination of inputs and outputs, feedback loops, posi-
tive and negative feedbacks and dynamic equilibrium.
Finally, the teachers consider interactions among the
spheres as a result of various feedbacks as well as delays
in response due to inertia in the system or subsystems.

Participants are shown by example how to develop
'situations' based on local or well publicized regional
events for students' classroom analysis. Emphasis is on
helping young people see potential impacts of the se-
lected event on Earth's spheres and the subsequent feed-
back and potential interactions that might result. Rather
than emphasize a "right or wrong" answer, the student
should be able to explain why he or she suspects such
an anticipated result is a reasonable expectation.
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Other materials are presented in the Internet course
within the context of Problem Based Learning. Each
section of 20 teachers is moderated by a master teacher
and an Earth System scientist. Weekly reflection on the
content and pedagogy as well as the implications for
classroom application is required through the use of a
participant journal.

The course was pilot tested on-line starting in mid-
January, 1996, after which a re-evaluation of sequence,
process and materials was completed. In the future, the
revised course is intended to be administered by mem-
bers of the Space Grant Consortia.

The Pacific Rainfall Climate
Experiment: Using Technology to Study
the Earth System.

Barbara Gibson, Susan Potawko, Mark Morrissey, and
Joshua Wurman, Oklahoma Climate Survey, University
of Oklahoma, 100 E.Boyd, Norman, OK 73019 USA.

The Schools of the Pacific Rainfall Climate Experi-
ment (SPaRCE) is a cooperative educational and re-
search project that involves elementary, middle, and
high schools, trade schools, colleges, and meteorologi-
cal services from various Pacific islands, atolls, and the
U.S. The educational materials that the program pro-
vides to Pacific area schools primarily involves the use
of non-technical, simple equipment and experiments.
These include plastic direct-read rain gauges, and work-
books and videos that discuss tropical Pacific related

. phenomena. The lack of more technical, computer-based
curricula is due in part because many schools involved
in the program are located on isolated islands or atolls
where supplies are sparse and quite expensive. Many
schools do not even have the use of electricity.

In collaboration with the Department of Energy's
Tropical Western Pacific Atmospheric Radiation Mea-
surement program the SPaRCE program was able to
successfully deploy 3 prototype automated weather sta-
tions in the summer of 1995. These stations were set up
at schools that were located in more urban areas of the
Cook Islands, Vanuatu, and Papua New Guinea. In the
summer of 1996, SPaRCE was able to set up 4 solar-
powered automated weather stations in Western Samoa,
Tonga, and Pohnpei. The presence of the automated sta-
tions (which include a laptop computer) in addition to
the standard direct-read equipment is an excellent way
for Pacific area students to become more familiar and
comfortable with using technological equipment. This
is also a useful way to teach students about scientific

basics such as quality control and instrument compari-
sons. The SPaRCE program has also supplied four Pa-
cific-area schools with MicroTopsa hand-held radiom-
eter which measures total column ozone.

The rainfall and other data collected by the students
are used by climatologists around the world. The
SPaRCE program allows students to learn science in
the context of participating in a real scientific study.
Most importantly, it exposes students to technology and
science education that many of them might not other-
wise receive due to the isolation of their schools.

.1:

Remote Sensing and Multispectral
Imaging of Vegetation at Biosphere 2.
Cary A. Roberts, Paul Geissler, LPL and AZ Space Grant

Consortium, University of Arizona, 1824 E. 7th Street,
Tucson, AZ 85719 USA.

Remote sensing and multispectral imaging tech-
niques are important in the measurement and moni-
toring of global vegetation. We are undertaking an un-
dergraduate research project which involves using these
techniques in Biosphere 2, Oracle, AZ, a facility with
seven earth modeled biomes. The project is a coopera-
tive venture involving Columbia/Biosphere 2 and the
University of Arizona/NASA Space Grant Undergradu-
ate Research Internship Program, and provides the op-
portunity for student/faculty research utilizing earth
system related technology and non lecture based learn-
ing environments to further public awareness of remote
sensing and multispectral image processing techniques.

The Biosphere 2 facility is a unique outlet for re-
mote sensing experimentation as it contains numerous
biomes modeling those on earth. Access to hundreds of
diverse plant species, control of environmental condi-
tions (soil moisture, rain, temperature, increased CO2,
nutrients) and extensive plant physiological character-
ization provide a unique arena for remote sensing stud-
ies. Manipulation of the environmental conditions, along
with a remote sensing based monitoring system can be
effective in determining plant response to variable con-
ditions. In the summer of 1996, 260 images were taken
in 4 biomes (desert, rainforest, upper thornscrub, lower
thornscrub) with a Kodak DCS 420 IR digital camera.
Narrowband transmission filters were used and filter
passbands ranging from 0.4 to 0.95 m were selected that
complemented plant reflectance. These tools produced
digital images available for analyses, including classifi-
cation of plant species within the biomes, using image
processing software.
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Goals of the project include demonstrating digital
imaging as a technique for monitoring changes in veg-
etation inside Biosphere, and illustrating the methods
and application of remote sensing for education. We will
make efforts to educate the public by making our meth-
ods, analyses, and results, including images and descrip-
tive text, available on the University of Arizona Space
Grant/Biosphere 2 web page at httpilpirl.lpLarizona.
edulbiosphere. We believe the world wide web can serve
as a non lecture based learning environment and is a
form of outreach education for our earth system related
research. Accordingly, we intend to use the web as a
forum where interested parties are encouraged to make
comments, suggestions and ask questions about this
research by email directly from the page. Recently, there
has been much publicity surrounding the topics of glo-
bal and climatic change, ecosystem studies, and espe-
cially the effect of CO2 levels rising and the impact on
vegetation. The discovery of which techniques of data
collection and analysis, including digital imaging, are
best suited for Biosphere 2, will be useful information
for efforts to monitor plant physiology and ecosystem
response to environmental parameters of concern to
global change. We believe this information is important
not only to the scientific community, but to the com-
munity at large. As such, we are eager to spur interest
and facilitate an educational environment based on our
findings.

Actual Earth, Virtual Earth: Two
Approaches to Constructivist Learning.
Ralph Dawes, Everett Community College, 1838 N. 190th

Street, Shoreline, WA 98133 USA.

In 1996 I created two new Earth systems classes at
Everett Community College, a field-based class and an
internet-based class. These curricula may sound diametri-
cally opposed, but both are based on the idea that the
best way to learn about Earth systems is to go beyond
textbooks and engage the world as directly as possible.

In March of 1996 I co-led a class from Everett Com-
munity College that spent a week on Hawai'i, studying
the geological history of active and dormant volcanoes;
the flora and fauna of a remote oceanic island; ecologi-
cal adaptations to lava flows ranging in age from less
than a year to thousands of years; and the decimation of
endemic species by introduced species and habitat de-
struction. The main goal of the class was to develop an
experience-based conceptual understanding of the dy-
namics and interrelations of the Earth systems. Daily
learning exercises were built around field journals that

were turned in each night for instructor feedback, and
which provided students with source material for the
summary papers due at the end of the course.

The results of these learning methods suggest a num-
ber of pedagogical lessons. For instance, on the one hand
some students floundered to find answers in the absence
of textbooks, but on the other hand that made it clear
they needed experience solving problems in the real
world. Judging by the quality of student work, the com-
ments and the course reviews from students, and the
richness of the Hawai'i experience itself, the main goal
was satisfactorily achieved. Hawai'i is a spectacular natu-
ral laboratory for observing and experiencing interre-
lated Earth system processes as they happen. Students
who take such a class may find that they cannot think
of geology, ecology, climate, and culture as separate cat-
egories again, as long as their Hawai'ian memories are
conjured by the words Pele, pu'u, paho'eho'e, ohi'a, and
nene. Such learning cannot be achieved in the class-
room, but it offers lessons that can inform and enrich
classroom curricula.

In sharp contrast to an in-person excursion to
Hawai'i is a virtual trip taken through the world wide
web. Everett Community College has provided grant
money to design and implement an Internetbased Earth
systems curriculum, to be taught this Spring. The learn-
ing assignments I am creating are meant to take advan-
tage of the Internet for constructivist learning. One of
the challenges will be to have the students understand
that the web is a place to get information, not knowl-
edge, and that the information itself is not impeccable.
The knowledge doesn't come until the student evalu-
ates and processes the information, weaving it through
their own efforts into a conceptual model that holds up
to reason, explains the observations, and makes predic-
tions. I reported on how well the Internet worked as a
medium for constructivist learning in an Earth systems
class.

Adapting Freshman Level Geology
COurses for Distance Learning.
Pamela J.W. Gore, Department of Geology, DeKalb

College, 555 North Indian Creek Drive, Clarkston, GA

30021 USA

Distance learning is becoming an increasingly
popular option, particularly at multicampus institu-
tions, or where student demand for courses exceeds
faculty availability. At DeKalb College in the Atlanta,
Georgia area, we have combined three technologies to
develop a effective distance learning course sequence

lOG
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in Geology: the World Wide Web, compressed video
over telephone lines, and e-mail.

Students access the World Wide Web for syllabus,
course notes, and assignments. On line lecture notes
are projected in class from a multimedia computer with
ethernet connectivity. Lecture notes include graphics
such as line drawings and photos of laboratory speci-
mens, field localities, and museum exhibits. Students
print out the web notes before class and bring them to
lecture. The web site is located at http:11www.dc.
peachnetedulpgorelgore.htm. Notes on the Web help
non-native speakers of English, disabled students, and
"at risk" students. They are particularly useful in the
distance learning setting. Computer based assignments
direct students to outside web sites where they read and
answer questions, gather data for interpretation, view
satellite images, take virtual field trips, and research
current Earth System events such as earthquakes and
erupting volcanoes. The global perspective provided by
satellites and the capability for rapid worldwide data
transmission via the Internet allows students to use real
time data on the ozone hole, sea surface temperatures,
floods, and climatology. As a final project, students work-
ing individually or in groups prepare multimedia re-
search projects written in hypertext markup language,
which they submit on disk.

The distance learning component of the class is
transmitted over the Georgia Statewide Academic and
Medical System (GSAMS). GSAMS is an interactive dis-
tance learning network connecting more than 350 sites
statewide in K-12 public schools, colleges, universities,
technical institutes, hospitals, prisons, and other sites
including Zoo Atlanta and Georgia Public Television. It
sends compressed video signals over T 1 telephone lines.
Using GSAMS, people in up to eight locations can see
and speak with one another. Distance learning is par-
ticularly helpful in teaching Geology at De Kalb College.
De Kalb College is a multicampus institution with five
locations, but full time geology faculty staff only two of
the campuses. Using GSAMS, we are offering two sec-
tions of freshman geology simultaneously on different
campuses, with one instructor alternating between sites
(there are about 24 students in each section). This al-
lows us to reach students in the under served locations.
Laboratory classes are held on the day the instructor is
on site. Electronic mail is used to announce assignments
and to communicate with students outside of class. This
allows them to ask questions and resolve problems eas-
ily although they see the instructor in person only once
each week.

Using GIS in non-GIS Geoscience
Courses at IG-USP--Brazil.
Arlei Benedito Macedo, Instituto de Geociencias,
University of Sao Paulo, Caixa, Postal 11348, Sao Paulo-

SP, BRAZIL CEP 05422-970

Geographic Information Systems are used as learn-
ing tools in Geoscience courses at the Institute of Geo-
sciences of the University of Sao Paulo, Brazil, since
1992. There are specific courses on GIS and Remote
Sensing at the Institute, and GIS activities are used in
non-GIS courses, objects of this paper.

The first uses of GIS were demonstrations in Envi-
ronmental Geology and Planning Geology courses, since
1992, using applications for environmental impact as-
sessment and urban planning projects, such as flood
and landslide prevention, urban development and con-
struction materials assessment. Since 1993 GIS activi-
ties were incorporated to the "Mining and the Environ-
ment" course, which is intended to give training in the
fields of EIA/EIS for mining projects and reclamation
of land disturbed by mining. Groups of students (two to
four each) developed GIS on active and abandoned min-
ing areas, to support EIA and reclamation projects. The
students had no previous GIS training, and were taught
short IDRISI and TOSCA tutorials. Undergraduate stu-
dent assistants and the teacher were available for sup-
port. The databases consisted in map layers with geol-
ogy, vegetation, disturbed lands, drainage, contour lines,
pollution sources and mining activities, and files of
geochemical and mineral production data. Contour data
were used to interpolate digital elevation models
(DEMs), used as basemaps for displaying and studying
other layers.

In 1994 GIS methods were used together with tradi-
tional photo-interpretation in the Aerophotogeology
course, for a project developed in connection with tech-
nical assistance to the government of the city of
Bomsucesso de Itarare, one of the newest and poorest
municipalities of the State of Sao Paulo. A DEM together
with geologic and geomorphologic maps were used as
tools for a planning project developed by undergradu-
ate students.

Although these experiences were not technically
evaluated, some results can be perceived: 1) there is an
increase in interest and participation from the students,
when GIS methods are used, in comparison with tradi-
tional methods; 2) there is an improvement in quality
of the projects using GIS. These systems allow the stu-
dents to combine spatial thinking, traditional to geolo-
gists, with database exploration, resulting in a greater
understanling .of the problems. Mitigation and recla-
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mation measures can be simulated in 3D models, al-
lowing the students to see the results in a better way
than 2D maps; 3) the programs used (IDRISI and
TOSCA) were considered adequate to the function. They
have analysis capabilities needed for the projects and
are easy to use, allowing the students to build and ma-
nipulate GIS with short training and little support.

The Achievements of the European
Space Agency Using the Meteosat
Image Data.

Jean Le Ber, European Space Agency, Robert Bosch
Str. 5, D64293, Darmstadt, GERMANY

The European Space Agency (ESA) has, by its con
vention, the mandate to undertake European level re-
search, development and demonstration of Earth Ob-
servation related space technologies. The widening of
knowledge and the stimulation of the use of Earth Ob-
servation data and information require, inter alia, mea-
sures to ease access to Earth Observation information.

In the frame of the Meteosat Operational Programme
(Operations of the Meteosat series of European Meteo-
rological Geostationary Satellites from 1981 to 1995),
the European Space Agency has provided the users com-
munities with Earth Observation data extracted from
its Meteosat archive. The Meteosat images consist of a
new scanning of the full earth disk every half hour in
each of three spectral channels: .5-0.9 m (visible light
band, 2.5 km resolution), 5.7-7.1 m (infrared water
vapour absorption band, 5 km resolution), 10.5 12.5 m
(thermal infrared window band, 5 km resolution).

In view of making these images available to the larg-
est possible users community ESA decided in 1992 to
use the maturing CD-ROM technology for publishing
coherent sets of Meteosat data usable on any PC. Four
CDs have been published from 1993 to 1995, the last
two containing full resolution data of selected areas of
the globe. The feed-back from the users of these CDs
can be can be summarized as: great content, poor user
interface. Therefore ESA has produced a fifth CD-ROM
called "the weather machine" featuring a new, attrac-
tive, highly interactive user interface. It contains the
Meteosat data for eighteen classical weather situations
in a format compatible with the 3rd CD ("weather in
motion") which can also be accessed through this new
interface. Scientific and meteorological descriptions of
the situations, in text and graphic forms, make the CD
ideally suited for classrooms teaching. The user can at
will merge two spectral channels, superimpose geo-

graphical grids and coast lines, watch the AVI loops in-
cluded, export the images with or without date stamp
for inclusion in his documents or for production of his
own loops. The calibration data provided allow to con-
vert the radiometric counts into temperature.

Thanks to the implementation of a hard-disk
updatable database the user is encouraged to comple-
ment with his own text and graphics material the texts
and graphics included on the CD. A specially designed
Meteorological Graphics Tool Box allows him to draw
on a graphical layer on top of the images and to store
his drawings on disk. He can then at a later stage, typi-
cally in the classroom, recall his drawings as well as the
graphics originally delivered with the CD-ROM. The
interactive interface as well as all text data are provided
in English, French and German.

Concept Mapping and Computer-Aided
Delivery in Advanced Structural
Geology.

Ian Clark, Centre for Environmental and Recreational
Management, University of South Australia, GPO Box
2471, Adelaide, AUSTRALIA 5001. Pat James,

Department of Geology and Geophysics, University of
Adelaide, Adelaide, AUSTRALIA.

In our experience the teaching of structural geology
has not been as effective as it should have been. Assess-
ment results indicate that only a small group of stu-
dents is successful in developing an understanding of
the higher order concepts and how they are related one
to another. The majority of students are able to com-
plete the unit by rote learning but do not carry the
knowledge as well as we would like into subsequent
units.

During the past four years the teaching approach
that we have used has been modified from a traditional
one using lectures and practicals to introduce new in-
formation, and fieldwork to apply the newly acquired
skills, to a more integrated and interactive approach.
Lectures have become less formal encouraging student
participation, direct delivery hardware to project com-
puter generated images is used instead of normal over-
head, video, and 35mm transparencies and students are
taught to construct concept maps.

We felt that teaching students to construct concept
maps would help them recognise the major concepts
and the links between them which would lead to more
meaningful learning and less rote learning which in turn
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would promote better application of concepts and skills.
Analysis of exam results, comparison with previous re-
sults and comparison of achievement in similar courses
has shown a significant improvement in student achieve-
ment. Evaluation of student attitudes using reflective
journals has also reinforced the impression that the
modified approach has been worthwhile.

Earth Systems Science and Global
Change Issues as Taught in a
"Traditional" Historical Geology
Course.

Nancy Healy-Williams, S.C. Commission on Higher

Education, 1333 Main Street, Suite 200, Columbia, SC

29201 USA.

A post-secondary geology course was re-designed to
attain several goals. First, the course was designed to
assist non-science majors in learning that the earth has
a history that is not just geological but also multifac-
eted. The earth was to be examined as a system of inter-
related components: biosphere, geosphere, hydrosphere,
atmosphere, cryosphere and biogeochemical cycles. The
second goal of the course was to inculcate students with
the knowledge base from which they could make in-
formed decisions regarding global change issues. This
latter goal was based on the belief that scientists have a
duty to educate the general public, in this case post-
secondary non-science majors, to assist them in becom-
ing more scientifically literate, particularly with the
important issues of global change.

The course that was redesigned was an historical
geology course, typically offered at most geology depart-
ments. Historical geology appeared to be a perfect av-
enue with which to explore earth system science in
terms of past and future global change processes. The
topics covered in the course by no means offer an in-
depth examination of the issues of global change but do
raise the level of understanding of the issues for non-
science majors.

Teaching methodologies consist of lectures, coop-
erative learning groups (including exercises based on
the Jigsaw Classroom by Aronson, 1978), outside read-
ing assignments, class discussions, videos, and exercises
drawn from "Education for Global Change" produced
by the International Council of Scientific Unions. By
utilizing several teaching strategies it was hoped that
the students would have a keen level of interest in the
subject matter. Historical geology is also a laboratory

course which entails meeting weekly for two-hour lab
sessions. This component of the course provided for a
combination of common historical geology exercises
along with global change exercises, some of which were
derived from: "Education for Global Change." Students
also spent two computer laboratory sessions using
"SimEarth: The Living Planet," a software package of
MAXIS. This software package allows students to ma-
nipulate earth systems as they evolve throughout geo-
logic time.

The course sequence allows students to develop an
understanding of the physical characteristics of the
earth. Once this is mastered students begin to explore
how the earth's systems are connected and how feed-
back mechanisms play an important role in the evolu-
tion of those systems. The earth system science sequence
is concluded by examining the tools and methodologies
used by paleoclimatologists, pal eoceanographers, and
paleoecologists. Armed with this knowledge base, the
final project requires students to make oral presenta-
tions regarding the probability of the threat of global
warming. The interactive poster session will present
examples of course materials and exercises as well as
student feedback.

Session Summary IIA: Using
Technology for Learning at the College
and University Level
This summary was written by E. Barbara Klemm from
notes provided by discussion leaders Ian Clark, Edwin

L. Shay, and herself.

Eleven interactive posters in this session explored
research related to earth system science course restruc-
turing that incorporates innovative use of instructional
technology. Several posters described how computer and
satellite tools developed for scientists were adapted by
educators for constructivist approaches to teaching and
learning. Presenters reported on use of digital data ac-
cessed from CD-ROMS, GIS and other databases to de-
sign, deliver and manage authentic, problems-based
learning opportunities. Issues included ways to assist
learners in visualizing and interpreting data, in con-
necting global or regional views with locally-situated
data, and in grounding virtual reality with real-world
experiential learning.

After the poster session, break-out sessions discussed
innovations in instructional technologies, emerging
trends, and concerns which they called "the dark side
of the web." Overall, consensus was that relevant infor-
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mation is now available through a variety of instruc-
tional technologies that pose new possibilitiesand
problemsrfor teaching and learning. A key aim is to
introduce various technologies into the classroom so
that students can use the same tools that researchers
are using. Others are to teach better and to better facili-
tate student learning.

The internet seems to be a valuable tool, but is not
available to everyone, even in developed countries. Sci-
entists tools are more sophisticated and expensive than
educators', particularly in technical power for visual-
ization of data. Instructional computer monitors, for
example, may have fewer lines of resolution or pixels
than required in scientifically- rendered, detailed vir-
tual images. Discussants expressed frustration in not
having ready access to real-time data, but acknowledged
that the scientists' priority is to generate research re-
sults, not to produce educationally-accessible data.

Data providers and educators need to communicate
so that the information which is available is useful for
teaching and learning. Inexpensive yet valuable learn-
ing experiences are now available to educators, e.g. us-
ing GIS and commercially developed instructional pack-
ages. Concern was expressed about cost for access to
data sets generated through public funds and about com-

mercialization on the internet.
Too much information may now be available through

the web, and the information surfeit is confusing stu-
dents. Much of the information has not been validated
through scientific peer review. Information rapidly ap-
pears, is disseminated, and often disappears quickly on
the web. New educational challenges are to teach skills
related to information searching and retrieval and to
teach critical selection and use of information. Espe-
cially important is the ability to discern ideological or
commercial bias.

College and university instructors in the group also
voiced concern that cost-cutting, revenue generating
measures introduce instructional technologies to in-
crease the size of classes. Some expressed concern over
visions of virtual universities in which a few super-star
professors teach on the web to large numbers of geo-
graphically dispersed students, thereby emphasizing
quantity rather than instructional quality. From expe-
rience, instructional technology users reported spend-
ing more time in contact with students, and less time
devoted to research. In particular, they cited the time
required for email responses, for inputting and
upkeeping their computerized instructional delivery
systems.
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Session IIB: Teaching at the College and University Level
Donald L. Oakley and Michael Walsh, Moderators

Papers in this session focused on alternative methods of instruction in higher education: teaching

about interactions, developing writing skills, using constructivist methods with very large class sizes. In

some cases they worked specifically to increase the science literacy of non-majors, with national parks,

newspapers, local examples, and creative sequencing of topics. Their classes took on the big problems of

pollution and natural disasters, and examining recent but huge anthropogenic impacts in comparison with

the impact of longer term natural processes.

Student Field Studies Related to
Assessment and Mitigation of Wildfire
Impacts.
Monte D. Wilson, Department of Geosciences, Boise
State University, Boise, ID 83725 USA.

Understanding interactions between meteorology,
biology, geology, soils and hydrology is essential for as-
sessing wildfire damage as well as for developing and
implementing plans to mitigate wildfire impact. From
1992-1997 three separate wildfires burned over 350,000
acres (142,000 hectares) of forest and range lands in the
mountainous terrain adjacent to and near Boise, Idaho.
Alteration of other Earth processes by these fires has sig-
nificantly affected both natural and urban environments.
These disasters have provided opportunities for students
at Boise State University to undertake a variety of stud-
ies related to Earth processes and fires; it has also al-
lowed opportunities for student involvement in efforts
by city, state and federal agencies to plan and implement
responses to wildfires.

Introductory, overview and case study information has
been presented to students via assigned readings, class-
room lectures and guest speakers. Students have actively
participated in public hearings and the ensuing develop-
ment of fire mitigation measures. Students have also been
employed in the installation and maintenance of a wide
variety of soil and stream stabilization measures in
burned areas. Directed field studies have been done dur-
ing class field trips, but student independent research
projects seem to have been especially productive with
regard to learning and enthusiasm. Field projects un-
dertaken over several years by students in two courses
(Geomorphology and Field Geology) have focused on
various interactive aspects of soil erosion, mass wasting,
and stream systems of burned areas as well as evaluating
the effectiveness of wildfire mitigation projects.

Exploring the Desert Environment.

Glenn R. Sebastian and Douglas W. Haywick,
Department of Geology and Geography, University of
South Alabama, Mobile, AL 36688 USA.

Representatives from education, business and gov-
ernment constantly criticize the writing skills of col-
lege students and their ability to communicate. After
the writing exercises attempted in English 101 and 102,
their writing experiences and newly acquired skills dis-
appear. Through active writing programs such as "Writ-
ing Across the Curriculum." students are required to
write in classes other than English Composition. The
assignments are appropriate to the specific discipline,
and are meant to be nonstressful; they are holistically
evaluated and peer reviewed. Students gradually improve
their confidence to write better papers and ultimately
improve their skills. Many faculty resist programs of this
type, stating that they don't have time for such class-
room activities or to leave the task to the rhetorician.
Physical scientists have been critical of these programs
because it takes valuable time from laboratory experi-
mentation, computer activities or quantitative exercises;
not realizing that poor writing skills are preventing their
students from obtaining careers they have been work-
ing toward.

Utilizing the "writing across the curriculum" phi-
losophy, a series of writing exercises has been given to
students doing field work in geography at the Big Bend
National Park. Although the writing environment leaves
much to be desired, the amount of subject matter is
abundant. Attempting to describe, compare and iden-
tify patterns in an environment which is alien to one's
own is an exciting task to witness. The Big Bend Na-
tional Park was selected because its desert environment
was so different from Mobile's humid subtropical envi-
ronment, and when coupled with altitudes in excess of
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7,000 feet, a multiplicity of unique settings provide top-
ics for the student to investigate.

The National Parks of the southwest have always been
favorite refuges for Americans. The aridity of the land-
scape coupled with natural processes of weathering and
erosion have provided vistas which are exotic to most
Americans. The associations are usually very simple. One
is able to relate factors of altitude, seasonal and diurnal
temperature ranges, continentality and precipitation
with relative ease. There are several parks distributed
throughout these arid lands, but Big Bend National Park
seems to draw the greatest interest from an assortment
of physical scientists. All agree that the unique terrain,
distinctive biotic communities, and sheer vastness of
the landscape provides a wealth of information on which
to write.

Symmetry: Its Control on the Natural
Formation of All Crystalline Materials.
Wayne C. Isphording, Department of Geology and
Geography, University of South Alabama, Mobile, AL
36688 USA.

Fundamental to the study of the Earth Sciences is
the study of symmetry. Symmetry is the factor control-
ling what particular mineral will form under a given set
of physicochemical conditions. Hence, it determines the
arrangement of the atoms in a sea shell, in a bar of steel,
in a sheet of plastic, in the bottom muds of rivers, lakes,
and seas, or those minerals forming in the magma cham-
bers of volcanoes or deep with within the earth's crust,
mantle, and core. Yet the concept of symmetry is for-
eign to most students. Little or no emphasis is placed
on it in secondary schools and most students enter ge-
ology, physics, and chemistry courses with no under-
standing of this basic, but all controlling concept. Sym-
metry is the exact repetition in space of a motif about a
plane, line, or point. This motif can be a single atom, or
a cluster of atoms. Few realize that there are only five
symmetry patterns that can undergo exact two dimen-
sional duplication. Hence, all wall paper patterns are
controlled by these five symmetries. Similarly, when
extended into the 3rd dimension, there are only a re-
stricted number of general patterns that can develop
and which regulate the external form of all crystalline
solids. These can be assigned to one of six crystal sys-
tems and a maximum of 32 point groups. All naturally
occurring or man-made crystalline materials (i.e., ev-
erything except liquids, tissue, and "glass") will be rep-
resented by one of these basic patterns. There are no
others possible.

To develop an understanding the principles that con-
trol atomic symmetry, students are given exercises that
require them to "build" atomic structures using two
computer algorithms having exceptional graphics ca-
pabilities. The students begin by selecting a chemical
compound and then assign conditions (temperature,
pressure, etc.) that will control the ultimate symmetry
of the resulting crystalline solid. Using this procedure,
the program can display the internal structure of mol-
ecules, crystals, and polymers. Once the internal struc-
ture has been derived, the student uses this informa-
tion to ascertain the external macro-scale form of the
crystal. Building on these concepts, advanced exercises
can then be used to provide the student with a clear
understanding of what forms specific compounds would
exist in far beneath the earth's surface or on distant plan-
ets, why certain minerals may serve as sites for organic
and inorganic contaminants in natural environments,
how defect structures in solids originate and may cause
them to fail under directed stresses, just to name a few.

The Geology of Oklahoma Lab Project:
A Model for Enhancing the Relevance
of Science for Non-Science Majors.
Michael J. Soreghan and Karen J. Hogan, School of
Geology and Geophysics, University of Oklahoma,
Norman, OK 73019 USA

We are attempting to increase the relevance of sci-
ence in a large introductory Physical Geology course by
redesigning the laboratory section to incorporate a "re-
search-like" project on the Geology of Oklahoma. The
underpinning of this approach is the premise that stu-
dents will be more deeply engaged in learning how sci-
ence is "done" when actually doing science on prob-
lems with which they can identify directly.

Although this project is ongoing, the ultimate goal
is to develop labs that consist of a series of interrelated
exercises encompassing the geologic history of Okla-
homa and related topical issues (natural resources, en-
vironmental problems and geological hazards). The re-
designed exercises include a variety of datasets to illus-
trate the process of science in a "research-like" atmo-
sphere. Each exercise will cover several lab periods and
center on four main themes: 1) Igneous processes and
mineralogy; 2) Quaternary and environmental geology;
3) Sedimentary geology; 4) Structural and petroleum
geology. We have chosen these four themes because they
encompass a broad band of the spectrum of Physical
Geology topics and because we can incorporate datasets
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for each exercise from the Wichita, Arbuckle and
Ouachita Mountains, all of which are in Oklahoma.

Each "molecule" ultimately includes four parts. The
first is a problem statement, which introduces the stu-
dents to the problem they are about to solve. The sec-
ond is a series of exploration-type activities that form
the constructive base for subsequent interpretation. This
is followed by analysis and synthesis of an integrated
dataset by collaborative student groups. Finally, the stu-
dents apply the newly developed concepts to explore a
more global process such as plate tectonics, climatic
change (short and long term) and the hydrologic cycle,
for example. We plan to include multimedia technol-
ogy to introduce the problem-statement presentations
to form a series of short multimedia presentations on
aspects of Oklahoma geology which will be made avail-
able on CD-ROM to regional high school teachers.

We believe the impact of this work will be three-fold:
1) the emphasis on real examples will produce a gen-
eral populace that is more aware of local geologic and
environmental issues; 2) the focus will shift from clas-
sifying and identifying to critical thinking and problem-
solving in labs; and 3) the exercises will serve as a model
that other institutions can adopt after modifying spe-
cific datasets to showcase their local and regional geo-
logic problems.

A Multifaceted, Field-Based Approach
to Integrative Geoscience Education.
Donald L. Oakley, Department of Chemistry, and John H.

Way, Department of Geology and Physics, Lock Haven

University, Lock Haven, PA 17745-2390 USA.

What is it? It's for educators. It's experiential. It's
collaborative. It's field oriented. It's located in rural
Appalachia. It's science/technology/society (STS). It's
based on 1996 NRC National Science Education Stan-
dards. It's all about water and educators crafting resource
materials and curriculum from an inquiry-driven per-
spective.

Lock Haven University is located in north-central
Pennsylvania and both its rural location and regional
resources play heavily in our effort to experiment with
an interesting approach to science education. We are
offering a full-immersion learning experience using vis-
its to a broad spectrum of field sites along with ancil-
lary classroom and laboratory work as a framework for
curricular/instructional material development. Our pri-
mary target population is junior high earth science

teachers and general science teachers at secondary lev-
els, especially teachers involved in STS courses.

This applied program has two fundamental compo-
nents. The first, content, focuses on the details of the
natural surface-water and groundwater systems within
the context of a geologic framework that comprises both
the Ridge & Valley and the Appalachian Plateau physi-
ographic provinces. Students investigate the uses and
abuses of water in the past and those dictated by the
needs of this region today and tomorrow. Illustrative
case studies abound: a small city sitting in the flood-
plain of a major river has just completed an extensive
flood-protection project; a bankrupt chemical plant site
is presently undergoing locally contentious Superfund
remediation; a limestone valley characterized by classic
karst landforms and features is traversed by an inter-
state highway generating rapidly expanding feeder roads
and interchange zones; contiguous uplands, which have
been deep and strip mined for generations, continue to
supply acid-mine drainage to regional watersheds. The
second component, education, focuses on the study of
the character and application of inquiry, a skill
underutilized in current practice yet strongly advocated
by 1996 science education national standards. Partici-
pants not only develop curriculum material and visual
resources to carry back to their own classrooms, they
generate other case studies appropriate to their own
courses and their local situations that illustrate similar
water-related STS concepts.

Participants in the program
study the broader topic of water from a personal and
rural/social perspective;
gain extensive personal field experience with current
technology/facilities/ learning sites;

participate in a fully integrated learning experience
with the relationships among basic science, technol-
ogy, and a host of social, political, and economic fac-
tors relating to a selected topic;

address new NRC National Science Education Stan-
dards regarding:
a. teaching science as inquiry (Content Standard A,

grades 5-8 and 9-12);
b. development of ability in technological design and

understanding science and technology interfaces
(Content Standard E, grades 5-8 and 9-12);

produce personalized lesson materials for use in
classrooms, especially video and photographic ma-
terials to support inquiry learning.
The conference presentation characterized the field

sites and the lessons to be learned there in addition to
describing the methodological approaches used to pro-
mote inquiry.
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Investigating before Learning Basic
Knowledge in an Introductory College
Earth Science Course.

Russell 0. Colson, Moorhead State University,
Moorhead, MN USA. Mary Cudzil Colson, Moorhead
Junior High School, Moorhead, MN USA.

Almost any particular investigative Earth Sciences
activity rests on students' existing knowledge base. The
more advanced this base of knowledge, the more so-
phisticated students can be in developing, implement-
ing, and interpreting their own scientific investigations
and the closer these investigations can be to actual sci-
ence. Thus, traditionally, college geology programs
present potential majors first with an introductory sur-
vey course providing them with the basic knowledge
needed to pursue (in later courses) the investigation,
inquiry, and analyses that are the substance of science.
Such courses are taken by general education students
who thus get more thoroughly introduced to the facts
we have learned in Earth Science than to the processes
by which we have learned those facts. Consequently,
science "content" is often mistakenly equated with the
learning of basic science facts.

Earth Science Today at Moorhead State is a course
intended to introduce general studies students to the
"higher thinking" aspects of Earth Science without re-
quiring that they first pass through a traditional intro-
ductory course. This course focuses on 5-7 Earth Sci-
ence topics currently in the news. By reading articles
about various topics, students encounter science in
much the same way they will encounter it throughout
their lives. Because it is "in the news" the material has
more apparent relevance to students' lives. By limiting
ourselves to 5-7 topics, we have time to develop a knowl-
edge base on these topics, to read and evaluate carefully
what is being said in the articles and why it is said. We
have time to discuss the articles in groups and make
written and oral reports on various aspects of the topic,
including how we know what we know and how it af-
fects us and our society. Finally we have time to design,
implement, and interpret experiments related to that
topic.

Although limiting ourselves to 5-7 topics would ap-
pear to limit the scope of Earth Science topics that can
be covered, in practice most key Earth Science concepts
are important in understanding these 5-7 topics. For
example, key concepts in my more traditional geology
courses include principles of stratigraphy, plate tecton-
ics, and chemical differentiation. These three concepts
are important in just one of the topics from the most
recent term of Earth Science Today, Dinosaur radiation

and extinction. Recent findings of dinosaurs with strik-
ing similarities on what was formerly thought to be iso-
lated continents casts light on plate tectonics. Stratig-
raphy is important in understanding environmental
change through time and how that relates to dinosaur
life and extinction. The Ir layer at the KT boundary
has little meaning without an understanding of Earth's
chemical differentiation.

Critical thinking, Science Reasoning, and Earth Sci-
ence Basics tests were given to students in this course
in an effort to track its success (relative to more tradi-
tional courses) in teaching students about the funda-
mentals of Earth Science. Results suggested that the
course is more successful than most courses in teach-
ing Science Reasoning. Results of the Earth Science
Basics tests were not available at this writing.

An Earth System Science Education
Program for the Inter-American
Institute for Global Change Research.
Donald R. Johnson, Michael Kalb, and Martin Ruzek,
Universities Space Research Association, 8426 Polifka
Road, Whitelaw, WI 54247 USA.

The Inter-American Institute for Global Change Re-
search (IA1) is an international cooperative effort among
16 countries in the Americas seeking to improve their
understanding of relevant global change phenomena. The
1992 United Nations Conference on Environment and
Development (UNCED) focused attention on global
change as one of the most critical challenges facing the
world today. Evidence of natural and human induced
change such as ozone depletion, loss of biodiversity and
changing climatic conditions can be seen throughout the
world, without respect for geopolitical boundaries. In
recognition of the importance of a regional approach to
the study of global change, the Institute's Science Agenda
reflects environmental issues which affect the physical
territories and socioeconomic systems of the IAI Mem-
ber Nations. Education and training are a component of
the overall IAI effort, and the USRA Earth System Sci-
ence Education (ESSE) Program was selected to develop
further the concept of an ESSE counterpart in the IAI
structure. Central to the common interests of both ESSE
and IAI are the educational challenges and opportunities
which Earth System Science and Global Change present.
The ongoing ESSE Program proposes to be a model for
the development of similar collaborative efforts within
the IAI member countries, tailored to the specific tech-
nical capabilities and scientific interests of the IAI par-
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ticipants. The existing scientific, technical and support
resources of the ESSE program will be available to share
with the ESSE-IAI team to facilitate an immediate, effec-
tive initiation of the proposed program. Members of the
ESSE community are in contact with colleagues in the
IAI member countries, and are exploring national pro-
grams, institutions and capabilities which will contrib-
ute to the planning process. Planning meetings were held
in early 1997 to assess the educational needs of the IAI,
inventory the existing capabilities and resources, and
prepare a course of action that provides for collaborative
university efforts that can address those needs. The meet-
ings served to disseminate information about current
educational programs and formed the nucleus of a net-
work of educators, researchers, students and other indi-
viduals interested in Earth System Science and Global
Change education topics which can be applied to the needs
of the IAI member countries. A core educational program
in Global Change including the creation of a WWW server
specifically for the needs of the IA1 will be proposed, and
alternative means of data and educational module dis-
semination will be explored, such as by magnetic tape,
CD-ROM etc. An important benefit of the Phase II pro-
posal for the IAI, September, 1997, could be the estab-
lishment of a working relationship between the current
ESSE community and IAI member educators and re-
searchers. The project facilitates contact and dialog be-
tween individuals and fosters partnerships among insti-
tutions focused on understanding the Earth as a system.

Constructivist Instruction and Small
Group Learning.

Barbara Bekken, Virginia Tech University, 3004

Wakefield Drive, Blacksburg, VA 24060 USA.

At Virginia Tech, we have completely revised the labo-
ratory exercises used in our introductory Physical Ge-
ology course according to constructivist instructional
techniques and small-group learning. Our course ob-
jectives have shifted from memorized product (e.g.,
Know these minerals.) to reasoned process (e.g., Is it
sedimentary, igneous or metamorphic and why?). What
sets this course apart from similar projects is the sheer
numbers of students who enroll in our introductory
laboratory coursein excess of 1200 annually.

Many of the exercises begin with a small-group dis-
cussion that is centered around an open-ended ques-
tion that pertains directly to the objectives of the labo-
ratory exercise. Students are encouraged to gather in-
formation from multiple sources but must report back
to class as a group within a few minutes. This discus-

sion serves several purposes: 1.) It acknowledges that
each student comes to the classroom with prior knowl-
edge (including misconceptions); 2.) Student inquiry
replaces the introductory paragraphs of traditional labo-
ratory manuals that "tell" the answer; 3.) Student groups
construct their knowledge independently from "pack-
aged facts" and "right answers"; 4.) Student groups must
divide tasks, and 5.) The instructor's role is that of fa-
cilitatornot lecturer. The exercises continue with stu-
dents participating in simple experiments and/or by
observing and responding to geologic materials. Most
exercises conclude with a summary problem using con-
cepts introduced in both the current and previous exer-
cises. This portion of the exercise enforces the cumula-
tive nature of scientific fact in constructing knowledge.

To promote the importance of understanding basic
geological concepts as applied to local community plan-
ning, an independent group-based term project was
added to the curriculum. The objective of the project
was to encourage students to tackle issues and concerns
related to our local geology in a manner that models
how scientists, researchers, community leaders and lo-
cal advocates collect data and combine it with published
information to "get smart" about their local environ-
ment. Group work was chosen, in part to encourage
collaboration, discipline and responsibility, but also to
lessen the impact of up to 1000 students on our local
geoscientific and professional community and to ensure
that the instructors' grading load is manageable. As-
signments include submitting a preliminary and revised
proposal, a progress report, keeping a team portfolio,
submitting a preliminary and revised abstract and pre-
senting their results orally, professional meeting-style.

To acquaint new and returning TA instructors with
the revised laboratory curriculum, alternative teaching
models, and with current reforms in science education,
we convene a one-day workshop at the beginning of each
fall term. Our workshop is followed by weekly TA meet-
ings in which the upcoming laboratory exercises are
reviewed, alternative teaching techniques discussed and
feedback received on the previous weeks' exercise.

Our results have been very encouraging. TAs who
teach follow-up laboratory courses report that reten-
tion of skills such as disciplined observation of samples
is vastly improved and that students commonly and
willingly work together to discuss and solve problems.
Several students have appreciated the independent, com-
munity-based group term projects indicating that they
had never had to "get their own data" and "had no idea
how to tackle a problem that didn't have an answer in
the library." Perhaps the most satisfying response has
been echoed on evaluations since we began revising the
labs in 1993. As one student put it; "I listen in lecture
but I learn in lab."
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Mitigation of the Effects of Drought
and Flood Disaster.

Dave W. Myburgh, University of The Western Cape,

Private Bag X17, Bellville, SOUTH AFRICA 7535

In studying natural disasters, which have their source
in the physical environment, it is fundamentally im-
portant to recognise that disaster is only possible in the
presence of a vulnerable human community. Without
human presence these extreme events would simply be
regarded as geophysical phenomena. In learning about
the Earth as a system, natural disasters offer an excel-
lent context for demonstrating the interaction of the
natural and human elements which constitute the sys-
tem. This paper explores the range of actions that are
possible for mitigating the effects of drought and flood
disasters, and relates them to the Karoo environment
of South Africa, a semi-arid region with extensive sheep
farming and limited agriculture.

With the exception of some types of coastal flooding
in which tectonic processes and high winds play a role,
droughts and floods that occur in nature have their ori-
gin in the variation of rainfall beyond expected limits in
which both amount and time are definitive factors.

Intervention directed toward affecting the cause of
disaster in the geophysical realm is technologically ori-
ented and more or less limited to cloud seeding which
has had very moderate success. Intervention in the field
of human occupation of hazardous areas and their ac-
tivities presents more options. These include abatement
schemes designed to reduce flood flows, e.g. by land-
use design such as catchment area afforestation in rela-
tion to floods, and environmental conservation in rela-
tion to both floods and droughts. Modifying the hazard
is another approach to disaster reduction. Such mea-
sures include constructing reservoirs (for flood control
and irrigation during drought); constructing dikes and
floodwalls to contain or divert flood water; conserving
surface water and sinking boreholes as safeguards
against drought; and adopting sound drought manage-
ment principles. Mitigation can also be achieved by
modifying the loss potential. Measures include statu-
tory requirements and guidelines, design specifications,
land-use control, zoning ordinances, building codes,
warning systems, the application of water restrictions,
or at the level of individual managers, diversifying
sources of income and farm production, stockpiling fod-
der, introducing economies such as improving the qual-
ity of livestock or crops, as well as economies of scale
such as enlarging the farming enterprise. Mitigation of
the effects of disasters can be achieved by spreading the
losses through society in the operation of aid schemes

and planning for losses such as accumulating reserve
funds or insurance against loss, in the absence of which
the losses simply have to be borne by those affected.
The ultimate step in disaster mitigation is total avoid-
ance which is achieved by the permanent evacuation of
hazardous areas.

In a pedagogic context the above measures can be
used as a framework for discussion, extension and more
detailed elaboration as they relate to local conditions.
The emphasis of the learning experience should be on
the need to understand the natural processes which
constitute the sources of disastrous events, the recog-
nition of hazardous locations, and on the role of miti-
gatory adjustments in the sphere of human activities
and human occupation of disaster-prone locations. It
should be recognised that hazard levels are rising as
the pressure of population growth induces increasing
numbers of people to occupy hazardous areas.

Earth System Science Education in the
Field: The Cwmrheidol Mine; Mid-
Wales, U.K.
Michael Walsh, The Rheidol Study Centre,
Penrhyncoch, Averystwyth SY23 3EX, Wales, UNITED

KINGDOM

The Rheidol Valley in western Mid Wales, U.K. af-
fords many opportunities for field study of the interac-
tion between the hydrosphere, biosphere and the physi-
cal environment. A particularly fine example is provided
by the Cwmrheidol mine where the impact of the now
extinct metal mining industry on the Mid Wales area
can be studied.

Mining for metals, principally lead and zinc, was an
important industry in Mid Wales from the 16th century
and reached its zenith in the late 19th century. It has
had a significant effect on the landscape of the area and
also a major effect on the ecology of the rivers in Mid
Wales. The mines exploited the many sulphide ore veins
and the ensuing pollution from the mines has been a
cause for concern since the 1920s. Groundwater flow-
ing through mine excavations reacts with the minerals
left in the rock, becomes contaminated by the dissolu-
tion of heavy metals, and is acidified by the release of
sulphur.

The Cwmrheidol mine was worked for zinc until its
abandonment in 1912. It provides a very graphic illus-
tration of pollution from mines as the high pyrite con-
tent of the vein has resulted in iron stained spoil heaps
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and has caused an orange ferruginous mud to flow from
the mine. The water leaching from the mine has a pH of
3.5 and a high concentration of heavy metals (140 times
the UK environmental quality standard for dissolved
zinc). This polluted water then flows through a number
of largely ineffective remedial measures into the River
Rheidol.

School students on courses in Geography, Biology,
Environmental Science Si Geology have all used the site
to investigate the cause and effects of the pollution
emanating from the two adits at the mine. The oppor-
tunities for study include: the identification of the min-
erals that are the cause of the problem; chemical and
biological analysis of the pollution and river water; veg-
etation and soil surveys of the spoil heaps; investigation
of the effects of the hydroelectric power scheme that
diverts river water away from the site and the efficiency
of remedial measures used at the mine. The mine has
proved its effectiveness in clearly illustrating the inter-
actions between different parts of the natural environ-
ment and the effects of human activity on the earth sys-
tems. Similar situations can be found throughout the
world and used to integrate understanding of the inter-
action between earth systems.

The site is a flexible resource that has been used for
teaching different disciplines. However, the greatest
understanding of the site and its problems comes from
learning about the interactions between different sub-
systems of the earth.

Earth System Sciences Course at
Potsdam University.

Siegfried Franck, Institute of Geosciences, Potsdam

University, P.O.Box 6016320-14416, Potsdam, GERMANY

Since 1994, the author has lectured on Earth Sys-
tem Sciences for students in geoecology and geogra-
phy. The curriculum is based on the following main
parts:

(1) Evolution of the Earth System (formation of the
Earth, biogeochemical cycles, faint young sun paradox,
geo-engineering, terraforming)

(2) Modelling the Ecosystem Earth (Gaia-hypothesis,
daisy world models, life span of the biosphere)

(3) Evolution models of the Club of Rome (anthropo-
genic effects, exponential growth, resources, sustainable
development, sustainable geology, computer scenario)

The author uses copier films, videos and computer
demonstrations with help of an overlay for the projector.
The main aim of the course is to show both the evolution
of the Earth System at planetary time scales and the ef-
fects of anthropogenic action within this system.

Role of Scientific Research Work for
Specialist-Geologist Formation.
R.N. Sobolev and V.T. Trofimov, Geological Faculty,

Petrology Department, Lomonosov Moscow State
University, Moscow, RUSSIA

The transfer of knowledge from professor to student
to create a specialist is usually realized in two ways: lec-
tures, seminars, etc., and independent research work
by the student. The first way is traditional and neces-
sary at the beginning of education. But only this way is
not enoughthis is mostly passive assimilation of the
professor's knowledge without the student's initiative
it holds very little possibility to form a creative person.
Usually specialists prepared according to the first way
have certain knowledge and skills and can use them in
future practical work for solution of standard problems.
However in life there are a lot of situations when such a
sum of knowledge is not enough. The second way is fa-
vorable for creating a person/specialist who can solve
non-standard problems. Formation of such a specialist
begins from the very beginning of educationthe
programme includes both lectures and seminars etc.
And supervised independent research work. During the
1st year this consists of compiling a review on some
scientific problem or question. After the 1st and 2nd
years students have field training which is obligatory
for all specializations of Geological Faculty (G.F.). Dur-
ing these educational field trainings, students investi-
gate geological processes and are instructed by profes-
sors on how to understand them. After the 1st year dur-
ing 4 weeks they study geological processes at the south-
ern seashore of Crimea; after the 2nd year during 6-8
weeks (it depends on the specialization) they have train-
ing on geological mapping on the western flank of the
Crimea Range. A final stage for both practices is prepar-
ing and defending a report on the research work. Field
geology has always been and is now an essential part of
geological training, requiring the development of a wide
range of skills together with integration and interpre-
tation of diverse data.

G.F. consists of 4 sections: geology, geochemistry,
geophysics, hydrogeology and engineering geology.
Since they have different subjects and specific methods
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of investigations, departments of every section organize,
after 2nd and 3rd years, more special field training near
Moscow (on Southern Urals, Northern Caucasus) and
laboratory practice in research institutes. A new type of
training is international practice: a "Floating Univer-
sity" for students and teachers of different specializa-
tions from universities of Russia and European coun-
tries. So drawing students into research work on G.F. is
already a component of the standard educational
programme. Students also have two industrial practices
(after the 3rd and 4th years) where they work in indus-
try, research institutes, etc.

Participation in educational and industrial practice
is only the first stage of scientific investigation. The next
stage is laboratory study of field collected materials. At
this stage students master new methods on the modern
equipment . They must also work in a library to be ac-
quainted with published results of research work and
new ideas in the field of their investigation. This stage
is terminated by preparing/writing and defending the
undergraduate diploma or graduate thesis.

A special type of specialist's formation is participa-
tion in students' and young specialists' scientific con-
ferences, which take place in the G.E, universities or
Ministry. At these conferences students not only present
results of their investigation but, what is very impor-
tant, ask and answer questions and defend their point
of view..

Students preparing their theses usually work in the
research teams of the department and these theses are

part of a team's investigation. When the results of a
team's investigation are published, the student can be
one of the co-authors. Every year at the G.F. there are
12-15 of such publications. So, formation of a scien-
tific mentality of students begins from the first steps of
the educational process and is very favorable for forma-
tion of a creative person who can continue his educa-
tion on a 2-year MSc programme. This programme in-
cludes one semester (half a year) for lectures and semi-
nars and 1.5 years for independent research work. The
level of MSc thesis sometimes is so high that they are
recommended by a special commission to present and
defend as a PhD thesis.

We believe that cooperation of study and research
work is the best method of education at the present time.
On the other hand, this requires the G.F. to create for
all students the possibility for scientific intelligence and
search. To realize our programme, the G.F. for many
years has sent the most talented students (according to
the recommendation of the department), to appropri-
ate universities of Europe and the USA.

Session Summary IIB
This summary was combined by the Coordinator with
that of IID. It appears at the end of Session IID.
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Session IIC: Using Technology in the K-12 Classroom

Daniel Barstow and Asta Thorleifsdottir, Moderators

Classroom-accessible technologies hold great potential for demonstrating the interdisciplinary inter-

actions of Earth systems that may otherwise be difficult for students to visualize. A number of national (US)

programs involve students in use of technology for data access and collection, numerical and image ma-

nipulation, and addition to databases that scientists can use; others teach the use of model-building soft-

ware for demonstrating linkages between Earth processes and outcomes, or describe innovative multime-

dia presentations toward that end. In addition, the resources of the internet offer access to Earth images,

real time data, and cross-curricular links. Home pages for data access and information exchange were

described with attention to their use by K-12 classrooms.

Using the Internet to Teach
Earthquakes and Plate Tectonics.
Sherman Lundy, Burlington High School, 4668 Summer

Street, Burlington, IA 52601 USA.

Texts for Middle and High School, including many
first year general Geology college texts, either teach plate
tectonics and earthquakes as separate topics or refer to
earthquakes as most commonly occurring along major
tectonic zones, outlining the plate boundaries. Students
actually have very little evidence to support the con-
cept that quakes outline plate boundaries. In addition,
other earthquake related information, such as the con-
cept of using magnitudes of quakes to outline different
plate boundaries, requires only passing statements in
text materials. Another area of concern for today's stu-
dents is the familiarity with longitude/latitude locations
and other mapping skills useful for determining vari-
ous geographical and geological sites throughout the
globe. Also, many students perceive the subject of geol-
ogy as dealing with events of the past with little empha-
sis on recent occurrences; the ability of schools and in-
dividuals to access recent information has greatly im-
proved with the availability of computer online data
sources.

In this activity, online data bases from the USGS
through an html address, gopherilgldfs.crusgs.gov:791
Oquake, students can down load earthquake informa-
tion that gives site locations and near real time interna-
tional information. For each earthquake, epicenter lon-
gitude and latitude are given along with depth in kilo-
meters to the focus, time in Universal Time, magnitude,
and general location. To visit this site students must

have access to the Science Department Computer Lab,
a computer with Netscape, and a printer to download
and print out the information about the quakes. Using
a world map with general longitude and latitude, stu-
dents plot the location of the quakes using different
colored pencils for various magnitude ranges which they
have predetermined as representing different types of
plate boundaries. Using this information for a few min-
utes every third day for a semester, students were able
to plot most of the major plate boundaries and began to
initiate other questions regarding earthquakes. Fre-
quency of earthquakes and magnitudes led to additional
questions that included why some locations had more
quakes than other sites and what was the relationship
between focus and epicenter distances and quake mag-
nitudes. Students also began reading the newspapers
and watching the news for information regarding the
quakes downloaded from the Oquake source. The work
with this web site led to questions regarding informa-
tion from other potential sites including a more encom-
passing program from the University of Michigan. Stu-
dents in these classes represented a variety of ability
levels; these experiences generated good participation
responses from all of the students. Even students who
had not previously taken the course work seriously
looked forward to using the computers and completing
the work with the maps. Additional projects generated
by the students included the prediction of quakes, par-
ticularly severe quakes in certain areas of the world. This
project illustrated the positive effects of combining tech-
nology with a variety of topics including mapping, earth
science concepts, and simple statistics, which led to stu-
dent understanding of geological processes as ongoing
current events, and served as a "lead-in" to the study of
folding and faulting.
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Explore Kilauea Volcano, An
Interdisciplinary Educational CD-ROM.
Michael Kuetemeyer, Fire Work Studios, 1615 North

Philip Street, Philadelphia, PA 19122-3112 USA.

"Explore Kilauea Volcano, Living Land of Hawail"
is an interactive educational CD-ROM which offers a
comprehensive interdisciplinary study of Kilauea, the
world's most active volcano. The CD-ROM explores the
volcano through a study of its component parts as well
as its relationship to the larger earth system. The most
detailed aspect of the program is a virtual reality docu-
mentation of fourteen trails across the Kilauea Volcano.
These hikable trails are annotated with images of spe-
cific plants, geologic features and trail guides encoun-
tered along the way. Incorporating several texts, includ-
ing "A Teacher's Guide to the Geology of Hawai'i Volca-
noes National Park," the presentation structure of the
CD-ROM is designed to reflect the relationships between
the volcano, its geologic structure, eruptions, ecosys-
tem, and culture. Issues in designing and using inter-
active media for interdisciplinary education were also
discussed.

For more information about the program please visit
our web site: httpi Iwww.fireworkstudios.com

The Importance of Systems Modeling
in Earth Science Education.
Farzad Mahootian, Gonzaga College High School,
Washington, DC 20016 USA.

To understand the Earth as a system researchers need
to investigate interactions among the variety of data
gathered by Earth observing instruments. Whether the
researcher is novice or expert, designing an Earth sys-
tem science research plan requires the efficient brows-
ing of large volumes of data for a variety of parameters
with extended spatio- temporal coverage. Scientists have
access to a variety of tools and technicians to browse
these data and decide on a research plan. This is not the
case in the education context: students in high school
and undergraduate settings often do not have access to
a team of programmers and data visualization experts.
And while the time and expertise available to students
is limited, their requirements for creating a research
plan are generally the same as those of the scientist:
efficient browsing of large volumes of data for a variety
of parameters with extended spatio- temporal coverage.

A list of major obstacles to intercomparison studies of
Earth system parameters includes: a) broad variety of
data formats, b) variety of spatio- temporal resolutions,
c) enormous file sizes, d) georeferencing, e) incomplete,
poor, or highly specialized documentation, f) mastery
of visualization software.

An example may serve to illustrate this issue. Stu-
dents in my ESS class wanted to investigate the rela-
tionship between stratospheric ozone and phytoplank-
ton pigment concentration to see whether diminishing
ozone values have an effect on phytoplankton popula-
tions. A preliminary examination of data from NASAs
TOMS and CZCS missions indicated coincident tempo-
ral and spatial coverage but different spatial resolutions,
and different data formats. The necessity of reformat-
ting and regridding the data was not beyond the stu-
dents' understanding, but certainly beyond the limita-
tions of time and expertise available to them.

The Earth System Visualizer (ESV) is designed to
meet the challenges posed by research oriented Earth
system science courses. The ESV will also satisfy the
general needs of research planning, at a preliminary
level, by enabling users to visualize and intercompare
data from a variety of parameters.

Using Space Shuttle Photos to Help
Students Visualize and Investigate
Earth Systems.

Daniel Barstow, Susan Doubler, Paula Levin, and
Michael Wiskerchen, TERC, 2067 Massachusetts

Avenue, Cambridge, MA 02140 USA.

Over the past 15 years, space shuttle astronauts have
taken over 250,000 photos of Earth, using high resolu-
tion cameras. These photos depict, in many cases with
stunning clarity, land features, ocean currents, cloud
patterns, air and water pollution, fault lines, drainage
patterns, ice flows, and numerous other physical fea-
tures of the Earth. These photos are an outstanding,
and inexpensive, resource to help students visualize and
investigate Earth systems. Students directly observe and
investigate the realities of the atmospheric, hydrologic
and geologic processes at work, and how they interact
in complex yet tangible ways.

The educational use of these shuttle photos, along
with satellite remote-sensing, computer-based Geo-
graphic Information Systems and other visualization
technologies, are the focus of "Visualizing Earth," a re-
search project funded by the National Science Founda-
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tion. In this three-year project, an interdisciplinary team
of scientists, educators, and cognitive psychologists are
investigating the revolutionary power of these visual-
ization tools and resources. Our goal is to lay a strong
foundation for more effective and wide-spread use of
such geographic visualizations in K-12 education.

In this poster session, we focused on the shuttle pho-
tos, which we have found to be an especially powerful
entry point to the study of Earth systems. We presented
several examples showing how such photos can be used
to promote inquiry-based student investigations. Stu-
dents explore erosion and deposition in the Nile and
Mississippi River deltas; the climatological effects of
Oahu's island weather patterns; plate tectonics as dra-
matically seen in the fault lines of Southern California;
and the impact of local topography on global weather
patterns as a storm system moves across central US.
The images spark student investigations, and the stu-
dents' understandings deepen as their investigations
unfold.

The shuttle photos also provide a context for dis-
cussing the three domains of our research:

1) Cognitionresearch in cognition and perception
to better understand the developmental process as stu-
dents learn to use such images and tools, and how ad-
vanced visualization tools can help them progress more
rapidly and effectively.

2) Curriculumresearch into the most effective
approaches to curriculum design to help teachers and
students integrate these tools and resources, with a spe-
cial emphasis on inquiry-based learning.

3) Technologyexploring advances in visualization
technology, to tap into its power to represent complex
information and to make sure the technology is simple
enough for school use.

New technologies of space-based photography, re-
mote-sensing, and animated visualizations have revo-
lutionized how scientists investigate Earth. We believe
that these advances in the tools of visualization, and
the wealth of data that can be investigated with these
tools, will have a similar revolution in education. Ulti-
mately, they can have a profound impact on how stu-
dents visualize, explore, and understand our marvelous
planet.

Internet-Based Earth/Space Science
Instructional Strategies.
Timothy F. Slater, Science and Math Resource Center,
Net Teach Talent Laboratory, Montana State University,
Bozeman, MT 59717 USA.

Many US government agencies, such as NASA, USGS,
NOAA, as well as many US commercial organizations,
such as CNN, USA Today, and The Weather Channel,
provide up-to-the-minute data and digital images readily
accessible on the World Wide Web. These web pages,
among many others, represent an enormous resource
for classroom teachers. However, some of these re-
sources are not immediately useful to classroom teacher
without significant modification. The Montana State
University Net Teach Talent Network Materials and Pro-
fessional Development Laboratory is developing earth/
space science instructional materials for K-12 class-
rooms that utilize Internet-based resources (http:II
math.montana.eduldavelntta These student-centered
activities focus on scientific investigations using cur-
rent data. Advances in hypermedia as an instructional
tool for science education provide a teacher-friendly
mechanism for designing user-friendly classroom units
based on available data. Working in teams, scientists
and teachers collaboratively create and develop lessons
in HTML format that prompt a learner to get informa-
tion from specified, hyperlinked WWW resources to for-
mulate and investigate a scientific question.

Tivo instructional models used by the development
teams that are grounded in constructivist instructional
theories are the Learning Cycle Model and the Investi-
gation/Experimentation Model. The Learning Cycle
model seems to be most appropriate when the focus of
the lesson is to introduce new scientific concepts to
learners. This model works well to support traditional
textbook instruction. Teacher-facilitators guide the de-
velopment of accurate scientific conceptions actively
generated by students using the WWW and reinforced
by applications to new questions. The Investigation/Ex-
perimentation model seems to be most appropriate when
the focus of the lesson is to address specific questions
about nature. This model works well when learners are
viewing data that has patterns or attributes that lend
themselves to testing predictions and testing hypoth-
eses. This model encourages students to formulate and
investigate their own questions, especially when used
with interactive forms (e.g., cgi scripts) to share data
with students at remote locations.

The materials development is conducted in a three-
phase process. First, scientists outline, review and sum-
marize important scientific concepts for small groups
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of teachers. Second, teachers work together to identify
aspects of a concept that are appropriate for classroom
use and format the investigation in an effective peda-
gogical format. Third, the participating scientists work
collaboratively with the teachers to insure the accuracy
and emphasis of the scientific content and adherence
to US National Science Education Standards. Examples
of earth system science lessons currently undergoing
development for the National Science Foundation's
Network Montana Project that focus on electronically-
updated seismic networks, NexRad radar, remote sens-
ing satellite images, and Geographic Information Sys-
tems data can be found at http:Ilmath.montana.edul
davelnmp/. Examples of space science lessons currently
undergoing development for the NASA Yohkoh Public
Outreach Project focusing on current solar images can
be found at http:11www.space.lockheed.comlYPOPI.

GLOBE visualization products as instructional mate-
rial. The intensive 3-1/2 day workshops familiarize teach-
ers with all of the instrumentation necessary to make
GLOBE core measurements. In addition, there is ex-
tensive computer training to introduce teachers to the
GLOBE software and reporting and communicating on
the Internet.

Educators and scientists have developed, and continue
to refine, age-appropriate educational materials for use
in GLOBE schools to complement the student measure-
ment, observation, and analysis activities. These materi-
als are intended to guide students through a progressive
learning experience to ensure both skill development and
improved understanding of science and scientific analy-
sis. Special attention is paid to preparing materials that
are readily adaptable into a wide range of cultures, lan-
guages, and socio-economic circumstances.

The GLOBE Program: Connecting the Image Processing.
World Science and Education
Communities.

Susan Postawko and Mark Morrissey, University of
Oklahoma, 100 East Boyd, Norman, OK 73019 USA.

The GLOBE (Global Learning and Observations to
Benefit the Environment) program is a collaboration
between scientists, educators, and K-12 (or equiva-
lent) students working in a worldwide network to
better understand the current condition and possible
future evolution of the environment of our planet.
Science and education are equal partners in GLOBE.
The objectives of the GLOBE program are to 1) en-
hance environmental awareness of individuals world-
wide, 2) increase scientific understanding of the earth,
and 3) help all students reach higher standards in
science and mathematics.

The primary mode of communication in the GLOBE
program is the World Wide Web. Scientific protocols
and learning activities, as well as visualization products
and relevant web links are provided (see http:II
www.globe.gov). In addition, students from around the
globe have access to scientists involved in the analysis
of the data being collected.

Over 100 scientists from around the world were in-
volved in identifying a list of science measurements that
would make a significant contribution to the global
environmental data base. Teachers from GLOBE-partici-
pating schools attend regional workshops to learn how
to teach measurement procedures, how to apply the
GLOBE data-reporting technology, and how to use

Carl Katsu, Fairview Area School District, RO. Box 118,

Biglerville, PA 17307 USA.

Teaching image processing to middle school students
extends their competence on the computer beyond word
processing skills and data retrieval over the internet.
They learn to use the computer as a tool to analyze im-
ages and to draw conclusions based on the analyses of
the images. They also learn to prepare reports, and to
use spreadsheets for calculations and graphing.

My eighth grade students use the NIH Image appli-
cation software to analyze images from NOAA, NASA,
and other current sources. They try to answer hypoth-
eses they developed about various problems, including
global change. The goal of the unit is for the students to
demonstrate their expertise of the NIH Image software,
word processing and spreadsheet use. Working in teams
of two, they produce a computer-generated report of
their findings, including illustrations, tables and graphs,
and a discussion of the methods they used in the image
analysis. While I do not limit the students in their
choices of images, many choose satellite images of earth
systems that enable them to explore global changes in
the environment.

Over the past two years I have developed a 6-week
image processing unit for my eighth grade earth sci-
ence classes. This year I have purchased computer
hardware that will enable the students to capture their
own images for analysis, such as cloud formations,
insect damaged leaves, and microscopic views of soil
and soil organisms. We do not yet have Internet ac-
cess at our school district, but I am learning how to
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find and download images on my computer system at
home. We will be connected to the Internet within the
next two years, and so I am planning to make this part
of the image processing unit in the future. I would
like my students to be able to produce their final prod-
uct completely from the computer lab, including gath-
ering background information and downloading their
own images to analyze.

I took part in a one-week training session given by
the Center for Image Processing (CIPE) at the Univer-
sity of Arizona, Department of Planetary Sciences, in
the summer of 1993. I am licensed to use the material
prepared by CIPE, and am working to become certified
as an instructor.

Natural Disasters and Society.
Asta Thorleifsdottir, Menntaskolinn vid Sund, IS-104,

Reykjavik, ICELAND PS.Alfheivar 62.

My students and I developed a homepage (URL: http:1
/www.islandia.is/hamfarir/) that defines and clarifies
causes and effects of natural disasters. Such disasters
are caused by weather, geological circumstances and
humans and are explained by religion, myths and sci-
ence. They affect the economy, social structures and
mental health of societies, with effects differing from
the poverty stricken to the wealthy societies.

INTRODUCTION

This is a crosscurricular and interdisciplinary study
developed from studies on Iceland's nature and interest
in travel, geology, and geophysics. The aim is to gather
data on natural disasters, classify statistically, and study
demographic effects as well as social implications. The
project was motivated by the extent of information we
pour into our secondary school students without ever
linking different subjects together. My students and I
decided to gather information world wide, sort it and
make it available by setting up a homepage on the World
Wide Web.

The homepage is stationed with a server in Reykjavik
and is accessible over the Internet, free of charge. The
major keywords are: meteorological causes, avalanches,
lightning, forest fires, drift ice, droughts, erosion,
storms, floods, anthropogenic causes, nuclear materi-
als, ecological changes, greenhouse effects, ozone deple-
tion, acid rain levels, geological causes, volcanic erup-
tions, earthquakes, landslides, economic effects, prop-
erty or life, different values social effects, the shock, first
effect, long term effect, social situation, living in disas-
ter areas, ideological discussion, religious explanations,

the work of darkness, legends and myths, the modern
scientific view, links to pages on earthquakes, lightning,
ozone depletion, avalanches.

A databank is under constant construction, there-
fore this plan may include features intended but not yet
in place. The main structure:
=> World maps, tectonic, earthquake, volcano...
=> Geological causes of natural disasters (Icelandic vol-
canoes, Volcanoes abroad. We survey earthquakes, land-
slides, quicksand, fires, tsunamis...and link to history.)

=> Meteorological causes of natural disasters (Ava-
lanches, rainstorms and lightning, forest fires, drift ice,
droughts, floods in oceans, lakes and rivers are all caused
by extremes in the weather. The greenhouse effect, ozone
depletion and acid rain can increase or decrease from
meteorological influence. Or are the causes anthropo-
genic?)

=> Anthropogenic causes of disasters (By changing their
surroundings to make them fit their needs, humans may
cause or aggravate natural disasters. Nuclear power,
drainage, reservoirs...)
=> Economic effects of natural disasters (Economic ef-
fects are usually measured in the damage of property.
The earthquake of Kobe cost nearly half of the annual
insurance damages that one of the world's biggest rein-
surance companies paid out in 1995. It estimates a
deathtoll of 18 thousand in natural disasters, but The
Red Cross estimates 150 thousand, mainly in poverty
stricken societies.)
=> Social effects of natural disasters (Research demon-
strates that societies and individuals face a similar pro-
cess following a natural disasters, with the initial shock,
the numbness. The survivors participate in the rescue,
stick together, and are extremely helpful. They encour-
age, fight, support. They form the most remarkable tal-
ents humans have, and yet the most frighteningthe
denial.)

=> Ideological discussion on natural disasters (From
time immemorial humans have tried to explain and jus-
tify natural disasters. The overpowering effect of nature
craved explanation. These needs are demonstrated in
myths, folk lore and religion. The modern view provides
rational answers. We seek explanation for some great
disasters, such as the plagues of Egypt, Atlantis, the
diluvian period of Noah. The Bible was used to pacify a
hungry and threatened population with pious explana-
tions. We explore answers and explanations given in the
late 18th century when the greatest eruption in mod-
ern times occurred in Iceland.)
=> Links to related topics (On this page we catalogue
several homepages on similar matters.)
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Learning Through Playing: The
Greenhouse Effect in 'Sim Earth': the
Features of Learning Process and
Outcomes.

Yoshiaki Nakano, Nishinari Senior High School, 1-13-10
Tsumori Nishinariku, Osaka 557 JAPAN

'Sim Earth', an interactive simulation game software,
seems to be helpful in realizing the whole Earth as in-
teracting systems, because this simulation provides in-
teractive operations on several variables which affect the
Sim Earth's environment. Students can easily observe
the changes in basic indexes such as atmospheric tem-
perature as a result of interactions within subsystems.
The focus of this report is the possibility of using this
game in the classroom. In order to reveal how students
learn about the Earth systems, what is effective and what
is difficult in using this game, I have chosen the green-
house effect as a topic, developed six game-centered
activities including concept mapping and prepared a
questionnaire. Assumptions underlying the approach to
this report are that knowledge is organized by construc-
tive processes and we are able to specify what students
learn by analyzing the relationship between concepts
in the maps.

The series of activities focusses on Earth Systems
Understandings 2 and 4 (Mayer, 1991). The significant
parameters of Sim Earth are tuned up and some restric-
tions on the operations are placed for each activity. On
an individual base, 11 students ages 16 to 18 were in-
volved in playing the game by following self-explana-
tory instructions on the sheets. At the end of each ac-
tivity, students were asked to express what they learn
through playing in diagrams to create or revise concept
maps (conceptual schemata or webs). Six activities are
"Beginner's," "Frozen Planet," "Volcanic Activity," "Af-
forestation," "Human Activity," and "Final" course.

It took 20 minutes to play the game, 8 minutes to
draw a diagram and 12 minutes to create or revise a
concept map on average. The learning occurring dur-
ing those processes can be monitored by analyzing the
growing concept maps as they are revised by students.
According to the growth, linkages in the map have been
concentrating in specific concept: "Carbon Dioxide" (7
students), "Atmospheric Temperature" (2 students) and
"Population" (1 student). Ten out of 11 students suc-
cessfully understood about organic (or biological) inor-
ganic (or geological/physical/chemical) and social (or
human related) interactions found in the Earth systems
concerned with the greenhouse effect.

By analyzing the specific concepts and linkages in
diagrams, I found that students observed some exag-
gerations such as evaporation of sea water and observed
long-term warming caused by volcanic gases instead of
short-term cooling by ash. These difficulties may be
overcome by tuning Sim Earth up and revising the
worksheet. Nuclear power and the Third World are de-
veloping controversial issues. Discussion may be inevi-
table in the senior high school classroom. Therefore this
series of activities should be followed by discussion.

Student's perceptions of the greenhouse effect were
surveyed before and after the implementation, using
questionnaires about the cause, consequence and pos-
sible cures of global warming, based on the study of
Boyes et al. (1993). In the responses for the open-form
questions, correct statements increased. Students who
mentioned "Afforestation" as a cure increased by 5, while
those who mentioned "Volcanic Activity" as a cause in-
creased by 8.

Correct responses for closed-form questions about
the cause increased. The number of students who
thought that "Population Growth," "Powerful Volcanic
Eruptions" and "Industrialization in Developing Coun-
tries" would make global warming worse, conspicuously
increased. Students increased by 5 to 8 who did not deny
that the greenhouse effect can be made smaller by hav-
ing nuclear power stations instead of coal power sta-
tions. As for cures, correct or appropriate responses
decreased. In the minds of students there seemed to be
confusion over the interrelation between the factors.
Cooperative learning may disentangle the confusion.

In conclusion, learning processes show that students
successfully understand about the interactions within
subsystems through playing and may imply that it is
necessary for teachers to provide a key concept such as
"Carbon Dioxide" which is included in all the spheres
for easier understanding of whole Earth systems. I think
it is useful to use this game in the classroom, if we tune
SimEarth up to avoid showing an extreme environment.
Also, cooperative learning, mapping and discussion are
necessary for effective use of this game.
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The Internet as an Educational Tool:
Web Browser Interface for Viewing
NASA Shuttle Laser Altimeter Data.
James H. Roark, Science Systems and Applications,
Inc., Lanham, MD 20706 USA

The Geodynamics Branch of the Laboratory for Ter-
restrial Physics, located at NASNs Goddard Space Flight
Center, is making geophysical data sets and interactive
visualization tools available through its WWW homepage
(httpildenali.gsfc.nasa.gov). Our aim is to provide a re-
source for the enhancement of technological and sci-
entific understanding and involvement at all educational
and interest levels. The data and software tools provided
can be used by researchers, educators, students and the
general public to experience geophysics research activi-
ties being performed at Goddard. For example, data ac-
quired by the first Shuttle Laser Altimeter (SLA-01)
flown on STS-72 during January 1996 and the SLA-02
flight in August 1997 on STS-85 are available. The SLA
instrument precisely measures the distance to the
Earth's surface from the Space Shuttle by means of la-
ser ranging. The data has wide applications in a variety
of Earth-science disciplines ranging from topography
studies to atmospheric remote sensing. Specifically the
data can be used to study many Earth System Science
applications including:

OCEANOGRAPHYwave studies
HAZARDScoastal erosion
GEOMORPHOLOGYdrainage evolution
GEODYNAMICSregional tilts
CLIMATOLOGYcloud top heights
SEISMICITYfault scarps
VOLCANOLOGYeruption plumes
TECTONICSmountain relief
ECOLOGYtree height, canopy structure
HYDROLOGYlake levels

We are designing and building a user friendly graphi-
cal interface for web access and manipulation of the data.
Making the data and tools easily accessible and under-
standable is our goal. Data browser, plotting, and out-
put utilities will be implemented using CGI scripts or
JAVA to gather interactive user input. These inputs will
then be used as parameters to spawn an Interactive Data
Language (IDL) background routine to produce and dis-
play the requested output figure, chart or list. An on-
line guestbook will also be provided to allow users to
share their findings. Geophysical information and fig-
ures pertaining to Earth magnetics, gravity, and tec-
tonics can also be found at the web site.

Designing Supportive Scientific
Visualization for Learners: Adapting
Scientists' Tools.
Daniel C. Edelson and Douglas N. Gordin, Institute for

the Learning Sciences, Northwestern University, 1890
Maple Avenue, Evanston, IL 60201 USA.

Earth Systems Science educators seeking to provide
their students with the opportunity to work with global
data are typically faced with a choice between two op-
tions. They can devote considerable time and effort to
teaching students to use powerful, yet difficult to use
scientific visualization analysis packages, such as IDRISI,
Transform, or IDL. Or they can provide them with sim-
pler software, such as NIH Image or web based tools,
that allow students to view data as imagery, but not to
manipulate the data numerically. In recognition of that
dilemma, the NSF sponsored SSciVEE (Supportive Sci-
entific Visualization Environments for Education)
Project has developed WorldWatcher for Macintosh.
WorldWatcher is a visualization and analysis program
for global, gridded data that was created specifically for
use in educational settings. Developed through a col-
laboration of educational researchers, technologists, and
geoscientists, WorldWatcher provides the support that
learners require while providing many of the analysis
features of scientists' tools.

WorldWatcher provides instructional designers with
the ability to construct data collections that assemble
related data sets into a module for teaching a specific
set of topics. The first module that we have created is
for studying energy balance and the possible causes and
effects of global climate change. This "ClimateWatcher"
module provides students with access to global data sets
that incorporate atmospheric and related physical and
human geographic data. The data includes:

O Climate: Insolation, Albedo, Absorbed/reflected so-
lar energy, Surface temperature, Precipitation,
Greenhouse effect/increase, Outgoing long wave ra-
diation, Net energy balance

Physical Geography: Elevation/Bathymetry, Ground
cover, Plant energy absorption, Soil type

Human Geography: Population density, Carbon
emissions

WorldWatcher displays global data in the form of two-
dimensional raster images in several projections. It sup-
ports both the interpretation and creation of data. Us-
ers can customize scientific visualizations by modify-
ing the color scheme, the spatial resolution, and the
magnification. New data can be created through math-
ematical operations (addition, subtraction, multiplica-
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tion, division, correlation, minimum, and maximum),
by "drawing" on visualizations using a paint program
interface metaphor, or by using a simple climate model
to explore hypothetical scenarios.

A Computer-Based Distance and On-
Site Earth Science Course for
Teachers.

Philip M. Astwood, Robert L. Oakman, John R.
Carpenter, Elaine McGee & William Dover, Center for
Science Education, University of South Carolina,
Columbia, SC. Theresa Dennis, University of South
Carolina, Aiken, SC. Lemuel Patterson, McCormick
Middle School, McCormick, SC. Emmie Thirlwell, South

Carolina State University, Orangeburg, SC. Ida
Wideman, St. Andrews Middle School, Columbia, SC,

USA.

During the fall of 1996 we designed and produced a
unique earth science course for in-service elementary
and middle school teachers. We created twelve lessons
on CD-ROM, and presented these at two sites during
the spring semester. The weekly class meetings em-
ployed a three-part "learning cycle" format. Each class
began with an "exploration" phase, contained a "con-
cept development" phase, and ended with an "applica-
tion" phase. This was accomplished through a mix of
on-site activities conducted by master earth science
teachers, and "lecture" segments on CD-ROM. Each class
meeting was divided into three one-hour segments.

Segment 1 "Exploration"Led by the master
teacher, the participants were introduced to the
evening's topic with a laboratory activity which allowed
them to explore what they already knew about the topic
and discover what they needed to learn. In general, these
were activities which had been designed for use in high
school and college earth science courses.

Segment 2 "Concept Development"In order to
understand the topic better, and to collect and organize
important information about it, the participants spent
the middle portion of the evening working in teams of
two or three to explore and discuss the "lecture" mate-
rial on the CD-ROM. The material was presented via
concept maps which displayed each topic's main points
and traced the links between the points As the class par-
ticipants explored each map, information about the main
points was presented through pictures, written text,
animation and video.

Segment 3 "Application"During the last hour the
master teacher led a second set of activities designed to
present the material in a form specifically designed for
use with elementary and middle school children. Par-
ticipation in these activities allowed the teachers to ex-
perience ways by which the information they gained
could be applied in their classrooms.

The success of this course was carefully evaluated. Pre
and post tests measured a significant increase in the teach-
ers' knowledge of earth science and earth science teach-
ing at each site. In addition, the tests revealed a signifi-
cant increase in the teachers' desire to teach earth sci-
ence, and their confidence in their ability to do so.

Session Summary IIC: Using
Technology in the K-12 Curriculum.
Summary prepared by E. Barbara Klemm based on
notes from discussion leaders Klemm, Daniel Barstow,
and Asta Thorleifsdottir.

"It's great to have information-rich web sites avail-
able to us," and "We want to be able to continue having
access to these" were comments echoed in all three dis-
cussion groups following the poster presentation. Ad-
vantages to distance learning technology (DLT) include
savings in terms of gas and time to travel to various
sites to teach. DLT is a way to reach out and serve dis-
abled as well as distant and underserved groups. At its
best, DLT may be a great leveler of content and oppor-
tunities, assuming that institutions with assets (includ-
ing "hot" professors) are willing to fund costs.

There is really no such thing as "Free on the Web."
Setting up and maintaining a web page requires both
time and resources. Web pages ought to be viewed as
shared resources. Educators need to work to find ways
to maintain them and keep them on-line. Administra-
tors may not understand that internet access and in-
structional use of computers involves potential internet
charges, maintenance of equipment, updating of soft-
ware and eventually, replacement costs. Simple tele-
phone access from rural areas may incur long distance
charges on top of the cost for equipment, thus equi-
table access is an issue. One participant suggested that
educators pointedly thank NASA and NOAA for resources
they have made available.

Teachers' roles are shifting with these new technolo-
gies, decreasing the function of teachers as content de-
liverers and increasing their function in teaching criti-
cal thinking skills. A challenge for teachers using tech-
nology is to teach for understanding and connections,
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not just for knowing. Teachers pointed to the need for
mixing virtual exploration with concrete encounters
ranging from making models to real-world experiences.
In particular, virtual encounters require students to vi-
sualize data using timelines, scatter plots, color-coded
maps and images, and interpretation of two- and three-
dimensional representations. Research is needed on
choices made by teachers to present information and
by students to select and use information in learning
tasks. Cognitive barriers need to be identified and solu-
tions devised and tested.

Educators must become more sophisticated about
their research tools. Among research questions of in-
terest were: What do students need in order to get some
learning done using technology? How can data sources
from the web be used to get them started without creat-
ing misconceptions or introducing falsehoods? How ef-
fective is use of remote images or multimedia presenta-
tions in terms of learner outcome, and how are research-

ers to determine this? What are the cultural implica-
tions of use of these technologies? What do teachers
mean when they say they want students to engage in
"authentic research"? What kinds of research are rea-
sonable for K-12 students? Is our aim more to engage
students in the authentic processes of scientific research
rather than in research itself?

More teachers need to be engaged in using technol-
ogy. Based on experience in the USA, only about 25% of
K-12 teachers currently have access to technology, and
as a guesstimate only about 25% of those use the tech-
nology. Models for engaging teachers in using technol-
ogy include 1) technology training workshops for "al-
pha" teachers (those with technological access) aimed
at their grade level, 2) workshops for teams of educa-
tors (elementary, secondary, college level) who agree to
work together for change in an educational system, and
3) preparing teachers of teachers (e.g. the science meth-
ods instructors) to be catalysts and models for change.
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Session IID: Innovative Approaches to Instruction about the Earth
Yael Kali and Lynda Samp, Moderators

In addition to short-term activities that help teach about the Earth as a system, conference partici-

pants in this session used entire curriculum approaches that change the style of teaching and the look of

education about the Earth. Posters in this session described uses of art, music, mythology and other litera-

ture as instructional tools, outdoor laboratories and field camps as integrative experiences, use of maps,

computer visualizations and remote sensing as aids to holistic learning, and cooperative techniques for

team learning. Special attention was given to the aspects of learning that promote effective approaches to

problem solving on Earth system issues. The applications presented are only the beginning of what can be

done by creative teachers using the techniques.

Field Based Geology for 4th through
8th Grade Students: Learning by
Completing Hands-On and Mind-On
Activities.
Paul K. Grogger, Department of Geology, University of

Colorado, Colorado Springs, CO 80933-7150 USA. James

Keating, Gifted and Talented Office, District 11, Stratten
Elementary School, 2460 Paseo Road, Colorado Springs,

CO 80907 USA.

Students learn by thinking and achieving, not by lis-
tening. By accomplishing field investigations they re-
tain more information about what they have collected
and subsequently learn that all parts of the Earth are
interrelated. For nine years the University of Colorado's
Geology Department has worked with Colorado Springs
District 11 to improve the science education of 4th
through 8th grade students. Students are selected by
the school district and are usually either gifted and tal-
ented students or students who have shown a strong
interest in science and mathematics. During the past
nine years over 1,000 students have completed this pro-
gram. The program has evolved from a day long field
class to courses that are held once a week for six to eight
weeks.

The present course is designed so students can
progress through the three- to five-year program while
developing and improving their knowledge about Earth
Science and the many ways its' processes can be ob-
served and the concepts understood.

Each day begins with a 30- to 60-minute discussion
period to insure the students understand the material
to be investigated. School buses are used to transport

the students to the selected field site. The students are
required to take field notes and collect the necessary
field data. This information is used to carry out an analy-
sis and explanation of the field data. This analysis is to
be completed and turned in the following week. When-
ever possible the investigation includes mathematical
and statistical determinations. Geologic and topographic
maps are made available to the students. Often, articles
from professional journals are assigned to be read the
week before the field investigation starts.

In addition to the analysis of the field data, all notes
recorded during the day are used to complete written
descriptions of the work that has been completed. This
work is evaluated for paragraph and sentence develop-
ment, grammatical structure, spelling, and punctuation.
This process has succeeded in improving the students'
writing ability over the three to five years they have been
involved in the program.

The curriculum is based on earth and environmen-
tal science topics. The following list of field investiga-
tion topics are included in the program: the water and
rock cycle and their interrelationships; orientation of
slopes and its relationship to weathering, vegetation,
geomorphic processes, and soil development; resource
availability, development, and use including mine rec-
lamation; geologic hazards and mitigation of such haz-
ards as flooding, landslides and avalanches, swelling
soils, and mine collapse; cave development; mineral and
rock origin and identification; topographic and geologic
map development and interpretation; geologic history
and fossil collecting; climatic and weather differences
and their relationship to geologic processes and the
development of landforms; human influences on geo-
logic processes; mountain building with an emphasis
on the areas relationship to plate tectonics: and how
earth science can play a part in aesthetic determina-
tion. Although this is not a complete list of the topics
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being investigated during the courses, it is representa-
tive of the topics used to develop the student's under- National Parks Project.
standing of earth and environmental sciences.

Field Oriented High School Courses.

Steven C. Kluge, Fox Lane High School, Box 390, Route

172, Bedford, NY 10506 USA.

livo unique Earth Science courses designed to in-
volve students in original field studies and research are
offered at Fox Lane High School in suburban
Westchester County of New York State. The "middle"
two-thirds of each ninth grade class are enrolled in the
New York State Regents Earth Science course using the
1994 Program Modification Syllabus. Earth science
teachers at the school designed, proposed, and had ac-
cepted by the State Education Department (SED) a 35%
variance to the SED final exam that involves each stu-
dent in an independent study of a stream on the cam-
pus. Students design and construct a stream gauging
station and collect width, depth, velocity, and rainfall
data over an extended period of time. They design indi-
vidual spreadsheets to draw stream profiles, calculate
discharges from their measurements, and examine rain-
fall and discharge trends. Students write a short paper
explaining the significance of the variations and lag
times evident in discharge rates over time. Spreadsheets
and essays are handed in on a disk that becomes part of
their final exam.

Earth Science II is an elective undergraduate level
Physical Geology course offered to any interested se-
nior and qualified juniors. The course includes an ex-
tensive two day field trip to examine the sedimentary
rocks and associated structures, geologic and glacial
history, and stream drainage development in the east-
ern Catskill Mountains. Students write a detailed re-
port of their field experience, and the trip serves as the
basis for in depth lab exercises throughout the remain-
der of the year. INNO additional, optional field trips to
the Adirondack Mountains are offered in the fall and
spring as well. At the end of the year, students working
alone or in teams of two develop a question about some
geologic process occurring on or near our campus, sug-
gest an answer, design and conduct an experiment to
test the hypothesis, and report on the implications of
the experimental results. This class draws between one
quarter and one third of all the students in our school,
and in the past 15 years more than 5% of these students
have completed undergraduate or higher degrees in the
Earth Science related fields.

Larry Rodgers, Chaparral Middle School, 4020 Poplar

Lane, Chino Hills, CA 91789 USA.

Science is an active process and something that stu-
dents do, not something that is done to them. Students
need hands-on activities, as well as "minds-on" experi-
ences. Students engaged in inquiry science learning
describe objects and events, ask questions, construct
explanations, and test and communicate those explana-
tions comparing current scientific knowledge. They
identify their assumptions, use critical and logical think-
ing, and consider alternative explanations. Students
actively develop their understanding of science by com-
bining scientific knowledge with reasoning and think-
ing skills. They are prepared to discuss issues and make
informed, responsible decisions.

President Theodore Roosevelt established our
country's philosophy that the land in its natural state is
one of our most precious national treasures. He believed
that preserving examples of our country's finest land-
scapes, wildlife and waterways for present and future
generations of Americans is of utmost importance.
Roosevelt noticed the degradation of our countries land-
scapes and established the National Parks System. Sev-
eral areas were evaluated and selected as our country's
first National Parks.

In the National Parks Project, the task of the stu-
dents is extremely important, environmentally essen-
tial, and invaluable for this country's future. The non-
lecture based learning environment and alternative form
of assessment is constructivist in nature. Students ad-
dress many of the earth systems in an integrated, real
world activity.

This multifaceted endeavor is open ended, and a situ-
ational experience for our students. The interdiscipli-
nary project refines skills previously learned and relates
to the students' life experiences. Attitudes and problem-
solving skills useful for a lifetime are developed be the
students. If tomorrow's adults are to make educated
decisions concerning environmental issues and Earth,
it is vital that today's students be given the opportunity
to study at all levels Earth Science as an integrated part
of education.

Student teams (in the National Park Project) will
actually perform the tasks required in the selection of
potential national park sites. Teams first investigate two
existing national parks in their selected region, investi-
gating geological, biological, hydrological, and histori-
cal features in the park. After several days of investiga-
tion the groups determine the criteria that made the
area special enough to be selected above other poten-
tial sites.
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Once the introductory exercise has been completed,
each team surveys the region of the country they have
selected and chooses a possible site unique or special
enough to be considered as a national park. The area's
geologic features and the processes by which it was
formed and are currently altered must be investigated.
Biological and botanical aspects are of major importance
and must be of foremost consideration. The hydrologi-
cal feature is an area's life-blood. It is an essential com-
ponent that must be preserved for an area to retain its
grandeur. All of an area's Earth Systems must be ad-
dressed by the students in their evaluation of an area
for significant consideration. Historical significance,
cultural, scientific or esthetic features must be included
in the evaluation process.

Teams of four students design a new park for our
country's national park system. Their park design will
use background information and data collected on ex-
isting parks, plus the extensive data they obtain on their
new location. Students are required to complete three
major components:

1) A comprehensive, student-drawn topographic
scale map of the chosen site location with all natural
and man-made features.

2) A brochure that promotes the park's unique fea-
tures: biological, botanical, geological, historical and
cultural elements.

3) An extensive Environmental Impact Report evalu-
ating the park and its effect on the proposed area.

Optional extension activities include:

1) A 3D model of the park design showing the fea-
tures included on the national park scale map.

2) A proposed script of a ranger-guided activity in-
cluding, but not limited to, animal and plant interac-
tions, astronomy, geological formations, and the area's
historical significance.

The culminating activity for this project will be a
group presentation promoting the students' park de-
sign before a Park Selection Committee. This commit-
tee may include Park Service district personnel as well
as parents and experts in the community. Multiple forms
of assessment are integrated with teaching and often
are indistinguishable from the instruction. The focus
moves from the acquisition of facts to the ability to prob-
lem solve and apply those facts. More open-ended types
of activities and performance based tasks allow students
to demonstrate their knowledge of different concepts.
This authentic type of assessment is appropriate for all
levels of learners and creates an environment geared
towards success.

Knowledge of our planet is important to all of us,
for we all will call this place home for our entire lives,
and all activities are related to interaction with the earth.

Continued population growth and concomitant natu-
ral resources consumption impose stresses on our soci-
ety. Our society's environmental future depends on un-
derstanding the earth to guide wise utilization of natu-
ral resource and prudent avoidance of natural hazards.
Our citizens and leaders must understand how a finite
earth with its finite resources imposes limits on the for-
mation of policies. Some basic knowledge about the
earth is a key to good future citizenship and effective
living, and the knowledge must be instilled in our chil-
dren on a national scale.

South Carolina Soil, Sun, and Surf:
From the Mountains to the Sea.
Angela Rye and Cherlyn Anderson, Sandhi Ils Middle

School, 101 New Market Circle, Lexington, SC 29073
USA.

The Earth Science curriculum developed by Cherlyn
Anderson and Angela Rye is based upon the integration
of current technologies, hands on activities, field expe-
riences, and interdisciplinary connections. Accommo-
dating student learning styles and utilizing performance
based assessments are also employed. The SCMAPS
project is also an integral part of the curriculum.
SCMAPS, developed by the State Department of Educa-
tion and Clemson University, uses topographic maps,
infrared lithographs, and satellite maps of 13 study sites
in South Carolina. Each site's lessons include science,
math, language arts, and SC History activities.

The year's agenda is based upon five thematic units.
These units are:

Geologically SpeakingStudents learn of the earth's
geology through the exploration of South Carolina's
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mineral resources, field experiences to mining sites,
utilization of commercial and teachermade videos and
laser discs, and the Internet to study the earth's dynamic
forces. The earth's geologic history is explored through
paleontology.

Aviation Rocketry and the Final FrontierNewton's
Laws and the Bernoulli Principle are concepts learned
through the construction of paper airplanes, model rock-
ets, and, in math, tetrahedron kites. Students learn of
the history of the space program and its future through
NASA videos and the Internet. Living and working in
space is investigated through the use of shuttle simula-
tions and designing a moon base out of LEGOS. Stu-
dents are also able to participate in a three day Space
Camp Adventure 'in Huntsville, Alabama or attend a
simulated shuttle mission at the Challenger Center in
Columbia, South Carolina. Both teachers are NASA
Honors' Teachers, having participated in NASA's
NEWMAST summer workshops.

Weather WatchersThrough the use of a weather
station and digital instruments, funded by a GTE GIFT
grant, students participate in a year long study of me-
teorology. Students not only check daily weather in-
formation at school, but also state and nationwide
via the Internet. Students complete portfolio assign-
ments that include weather folklore. Culminating ex-
periences include visiting the National Weather Ser-
vice at Columbia Airport and observing how a televi-
sion station acquires, analyzes, and reports weather
data to the public.

Preserving Our Carolina HeritageThis interdisci-
plinary unit focuses on the state of our natural environ-
ment in South Carolina by studying the Congaree River,
which is part of the Santee River watershed. The his-
tory and folklore of this area are studied, as well as po-
litical issues concerning the development of areas lo-
cated along the Congaree. The Congaree Swamp, an
International Biosphere Reserve, is also included in the
study. Water and soil samples are collected on field study
trips and later analyzed in class. The Internet and other
technologies are used to gather research on worldwide
environmental issues. Students also participate in an
international telecommunications project to study air
and water quality at project participants' community
sites around the world.

Buccaneers. Bays, and BackwatersOceanography
and estuary studies are completed in this interdiscipli-
nary unit. Students are involved in current research of
estuaries in our state through Estuary Net, the Baruch
Marine Science Reserve, NOAA, as well as other oceano-
graphic and marine science Internet sites. South
Carolina's maritime history is studied through legends

and folklore. A culminating experience is the sail aboard
a tall masted ship into historic Winyah Bay.

Sandhills Middle School is located in a rural, socio-
economically depressed area of South Carolina. All tech-
nology and science equipment has be6n obtained
through the concerted grant writing efforts of the sev-
enth grade teachers. Through the combined efforts of
team teaching, utilizing interdisciplinary units of in-
struction, and grant writing, Sandhills Middle School
seventh grade students, regardless of ability or socio-
economic levels, have quality learning experiences.

Solutions.

Ellen Taylor, Shelley High School, 252 North 4300 East,

Rigby, ID 83442 USA.

Currently there is a major trend in secondary schools
that must be reversed before significant improvements
in education will be seen. The trend is one of isolation.
Students are isolated from other students. Students are
isolated from teachers. Teachers are isolated from other
teachers. Math is isolated from science and science is
isolated from English. Earth science is isolated from
chemistry and chemistry is isolated from biology.
Schools are isolated from the business community. Sec-
ondary schools are isolated from middle schools and
from post secondary schools. High schools are isolated
from the college of education, and so on.

Shelley High School in Shelley, Idaho, has developed
an educational approach that is intended to help reverse
the trends toward isolation. The approach is called So-
lutions. In Solutions, actual problems from the com-
munity are identified and analyzed. The problems are
analyzed to see if they will help reach our educational
objectives, if they are safe, and to see if they appear to
be solvable within our time restraints. Once a project is
selected, a team of students sets out to solve the prob-
lem. Technical mentors from the business community,
from government agencies and from post secondary
institutions are identified to assist students with tech-
nical problems.

One community problem that closely fits the pur-
poses of this conference involves the pollution in 962 of
Idaho's streams and rivers. Students in the Solutions
class are working with technicians from Idaho Fish and
Game, The Dept. of Environmental Quality, Lockheed
of Idaho, and Eastern Idaho Technical College to actu-
ally restore streams to a clean state. In order to accom-
plish this task, students are given an integrated founda-
tion. This foundation consists of earth science, environ-
mental science, chemistry, biology, math, communica-
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tion skills, and computer technology. With this founda-
tion, students are able to identify sources of pollution,
develop intelligent plans for restoring water quality, and
then remediate specific streams. An integrated curricu-
lum is being developed that, when disseminated, will
allow any teacher in Idaho to adopt the same approach.

Another need addressed in the Solutions concept
deals with the idea of introducing prospective teach-
ers to an integrated, problem solving approach to edu-
cation. A number of aspiring teachers are working in
the Solutions program in varying degrees. This pa-
per is a joint effort between the lead Solutions teacher
and a pre teacher just completing the teacher intern-
ship. The paper explained the Solutions model in de-
tail and included results from the environmental res-
toration project as well as comparisons of academic
achievements.

Geomythology
Joy Tanigawa, El Rancho High School, 6501 South

Passons Blvd, Pico Rivera, CA 90660 USA.

FACTS

1. Find myths and legends from the Pacific Rim coun-
tries and islands that would be about earthquakes,
volcanoes, tsunami, rain, floods, rainbow, plants and
animals.

2. Share with students or have students share the
knowledge of where they are coming from
(Constructivist view) about their stories.

3. Share the scientific content. Integrate all the scien-
tific content using the earth as the major theme,
starting from the ideas of the legends and myths.

4. Students now know both views and a better knowl-
edge of the earth to have them ready for the 21st
century. Also many students will not let supersti-
tion drive their daily behavior, if it is harmful to them.

5. Give students simulations on past, present and fu-
ture conditions. If any of the following could, would
or did occur, how could they take care of themselves.
What are some safety factors needed to survive in
the environment?

6. Have them learn myths and legends from other Pa-
cific Rim countries and see if their stories are simi-
lar or different. Conclude with the ideas of scientific
content.

A Holistic Approach to Learning about
the Earth, Utilizing the Outdoors,
Computer, Lab and Classroom.

Yael Kali and Nir Orion, The Department of Science
Teaching, Weizmann Institute of Science, Rehovot,
ISRAEL 76100

Teaching about the earth as a system is a great chal-
lenge for teachers and curriculum developers. Each of
the earth's sub-systems, the geosphere, hydrosphere,
atmosphere and biosphere possess complex relation-
ships between processes which eventually cause cycling
of material within that sub-system. In order to compre-
hend each of these spheres, students are required to: a)
understand the different processes which take place
within that sphere, b) be acquainted with the starting
and ending products of each of these processes, and c)
understand that each end-product of one process can
be a starting-product for another process. The under-
standing of this systematic nature of each sphere is a
very difficult task for junior high-school and high-school
students. Consequently, the understanding of relation-
ships between these spheres requires an even higher
level of knowledge integration with which teachers and
curriculum developers have to deal.

Our poster presents a model which integrates two of
the earth systems: the geosphere (including geological,
chemical, and physical aspects), and the biosphere (in-
cluding natural and artificial processes). The program
deals with the difficulties of integrating their separate
spheres of knowledge in the following ways: a) using
the outdoor environment adjacent to the school for rais-
ing a real problem which serves as a learning organizer
and requires knowledge of the different earth systems,
b) teaching the different aspects of the earth by coop-
eration of science and geography teachers, c) using the
outdoor environment as a natural laboratory for learn-
ing about the different systems of earth, and d) using
the computer software KnoW3 (Svivot inc.) as a tool for
integrating knowledge within each system and between
the systems.

This poster presents an example of the implementa-
tion of this model in a junior high-school in central
Israel. The school is situated near a small area of natu-
ral calcitic-sandstone hills in the middle of a very
crowded municipal area. The future of these hills is still
under debate by the authorities. The question of whether
to preserve or develop the area is therefore used as the
learning organizer for the program. This question is also
the basis for a field trip to the area, where students are
encouraged to ask different types of questions about
their observations of the field site. The questions are
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then divided by the students into three categories: a)
those concerned with the physical makeup of the area,
b) those concerned with its biological properties, and c)
those concerned with human influence in the area.

These activities are followed by a teaching stage deal-
ing with different earth systems, which is taught by co-
operative groups of science and geography teachers.
Laboratory experiments and short field trips to the
nearby hills are part of the program for each of the earth
systems. The interrelationships within and between each
system is emphasized by using the software KnoW3. This
software enables students to organize their knowledge
by building multimedia projects based on computerized
concept maps.

Preliminary results from observations, interviews,
and questionnaires show that:

a) The program succeeded in motivating the students
to develop a holistic view of the earth.

b) Students improved their ability to think holisti-
cally about complicated systems other than the rock
cycle.

c) Students' motivation for learning about science
was increased.

Systematization in Teaching Method of
Outdoor Education.
Hiroshi Shimono, National Institute for Educational
Research, Shimomeguro 6-5-22, Meguro-ku Tokyo, 153,

JAPAN

Today children in Japan are going to have little ex-
perience in nature. We have reviewed from various view-
points how outdoor learning in science should be and
showed the teaching material for it. In our research we
have inspected the necessity of outdoor learning, pu-
pils' recognition of environments, the pattern of out-
door learning, positioning the outdoor learning sched-
ule, classification of the objects of pupils' observation,
evaluation of the outdoor learning, and in-service
teacher training. We introduced research on the status
of pupils' recognition of their environments and ex-
amples of outdoor learning.

1) Status of pupils' recognition of natural environ-
ments

Pupils change their objects of observation as follows:

1st priorityriver, water, sediments on the riverside

2nd prioritygrass and its flowers
3rd priorityexistence and movements of objects
and phenomena
4th prioritycolor, shape, size, quantity
Pupils deepen their level of observation to research
the change of objects, and by the influence of their
questioning and previous experience.

Pupils' activities are influenced by the character of
place to observe, and the speech, behavior and ad-
vice of their friends and teachers.

2) Example of research based on topics: A natural
environment was considered by investigating the pat-
tern between topography and related air temperature.
For several days students recorded temperatures at vari-
ous times at points along a topographic profile of the
region that included their school's valley and surround-
ing hills and plains. Patterns of temperatures by time of
day were plotted on a graph that had the topography
overlaid at the bottom. Students interpreted the data to
show that the northern hill was influenced more
strongly by artificial heat from buildings, and cooler air
on the hills at noon might draw people to come there
from the valley.

Capturing Student Interest by
Integrating Literature and the Arts into
Teaching the Earth System.
Lynda M. Samp, Dedham High School, 140 Whiting

Avenue, Dedham, MA 02026

Many students who previously showed little interest
in studying science are now turned on to learning about
the Earth System due to the infusion of Earth beauty,
Earth-inspired poetry, literature, arts and music. Weav-
ing aesthetics into Earth System curricula can increase
enthusiasm and learning of all students, regardless of
age or ability.

Music is a great mechanism for evoking interest in
science because virtually everyone loves music, people
can express individuality through sharing their favorite
music, and because infinite pieces are forever inspired
by Earth and its systems. Musical works from a multi-
tude of cultures have been inspired by the Earth and its
subsystems, from classical to rhythm and blues, to heavy
metal. There are several ways to use music related to
the subject material in the classroom: as inspiration for
a new unit, as background during a lab, as a special les-
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son on music interpretation, or simply for the students
to play their own music for the class. Connecting the
Earth System to science and nature-inspired music in-
creases the relevancy of classroom learning.

Reading literature and writing poetry about the Earth
comes naturally for some students who don't fit the tra-
ditional science scholar mold. Contests, such as the
Massachusetts Science Poetry Contest, serve as strong
motivators, and can be sponsored by outside groups such
as universities or literary interests. School English de-
partments are often very willing to involve themselves
in crosscurriculum units with science classes. Along
with poetry, writing science-theme essays and creative
short stories interests many students. "I Survived the
San Francisco Quake of 2002" is a tried and successful
topic, where the student writes a scientifically accurate,
yet creative narrative about how the disaster might af-
fect them and society.

Creating original artworks, either those inspired by
the beauty of the Earth System, or those using natural
materials is another way to motivate the "right brain."
Paleontology, for example, is a natural bridge between
science and art. Starting with perhaps a dinosaur track,
students can make casts, estimate animal length, pos-
ture, claw configuration and action through making
drawings and models. These artworks in turn offer the
instructor a means of alternative assessment.

Student interest in aesthetics, music, literature and
art already exists, and it is important to avoid forcing
people into doing something that they already love to
do. Instead, provide opportunity through making time
and materials available. Any time "lost" from traditional
curriculum will be more than compensated for through
increased interest and enthusiasm in your course.

Camp Planet Earth: An Earth Systems
Science Summer Camp for Eighth
Grade Minority Students.
John R. Giardino, Philip D. Rabinowitz, and Andrew

Hajash, Jr., Texas A&M University, College Station TX
77843 USA. John D. Vitek, Oklahoma State University,

Stillwater, OK 74078 USA

The new National Science Standards will require
development of new curricula that emphasize integra-
tion of science. It is thought that this new approach to
revitalizing science in K-12 will also have a positive

impact on increasing the number of minority students
pursuing careers in science. Diversifying science is nec-
essary and challenging. During the last twenty-five years,
numerous attempts have been made at the post-second-
ary level to recruit minorities to the earth sciences.
Unfortunately, these programs have had limited success
because they targeted potential students already in col-
lege. A problem with these types of recruitment pro-
grams is timing. Camp Planet Earth (CPE) was estab-
lished to identify, excite, and track minority students
through high school and college.

Each year fifty minority students participate in Camp
Planet Earth (CPE), a four week earth systems science
academy summer camp. Earth systems science serves
as the locus for the camp. A detailed, field-based earth
system science curriculum was developed. This curricu-
lum integrates earth system science with the National
Science Standards. During the camp, students learn to
use the scientific method and earth system analysis com-
bined with field research to develop and implement an
earth system science-based science fair project. These
projects are water related because water serves as the
thread of inquiry to link biological, chemical, earth sur-
face processes, and human interaction.

Classroom and field instruction are organized around
the energy and mass pathways from the atmosphere to
the watershed and through the river channel out of the
drainage basin. This paradigm uses various disciplines
such as geomorphology, hydrology, meteorology, chem-
istry, biology, and landscape ecology to study and un-
derstand inputs, outputs, stores, pathways, thresholds,
and system equilibrium.

The final two weeks of CPE is intensive field work
where students conduct mapping and data collection.
Students were instructed in field methods and taken to
field sites to practice techniques. The students were di-
vided into research teams and were encouraged and
helped to identify a scientific problem, set research ob-
jectives, design the sampling method, and collect and
analyze the data. The data serve as the basis for a sci-
ence fair project that is completed before the student
leaves CPE. Participation in a science fair occurs dur-
ing the following school year. Participation and progress
in science fairs are monitored.

Contact with each student is maintained via a news-
letter, and each student's progress throughout high
school is tracked. Continual contact is an opportunity
to provide support and encouragement to each student
to attend college and major in earth systems science.
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Earth Sciences and Environment: An
Introduction to Earth as a Living
Planet.

J. Li llo Beviá, University of Vigo, Galicia, Av. Buenos

Aires 26-28, Pontevedra 36002, SPAIN

The recent reform of the curriculum of Secondary
Education in Spain affects pupils between 12 and 18
years. For pupils of 18 years, the matter of Earth Sci-
ences and Environment is envisaged as an option for
the biosanitary and scientific-technological branches.
The pupils should be examined on such material as a
previous step to University. Each autonomous com-
munity develops the curriculum of these subjects
adapting it to the own environmental problems of their
communities.

In Galicia (Northwest of Spain), the development of
the curriculum and the access tests to the University
affects the Corufia, Vigo and Santiago of Compostela
universities equally. In this community the curricular
development has been focused as an Introduction to the
Earth as a Living Planet, integrating the systems of Earth
and surveying problems derived from human impact
over time.

We have developed two alternative approaches that
each High School can adapt to their local or regional
peculiarities. Ability to do scientific work will be a con-
stant in either of the approaches. Approach "A" is cen-
tered in systems theory, and in each system are inte-
grated the own concepts of the system with their de-
rivatives from the resources, risks and impacts, and the
abilities of the scientific work. Approach "B" continues
the topics elaborated for all Spain, and sequentially stud-
ies the characteristics of the scientific work, the Earth
systems, risks, impacts and problems derived from hu-
man impact on the Earth, including the perspective of
sustainable development and environmental education.

A characteristic common to both approaches "A" and
"B" is that envisaging in each thematic unit the rela-
tionship between conceptual, procedural and attitudi-
nal contents, with priority givento the procedural con-
tents. These types of contents intend that pupils be able
to master basic abilities such as: to select and extract
scientific information from documents, to employ ba-
sic laboratory and field techniques, to know how to use
and interpret cartographic techniques, to elaborate re-
ports and communicate the results of an investigation,
all this being centered in the study of a concrete envi-
ronmental problem as a work project. The evaluation of
the curriculum is established according to the environ-
mental regional or global problems interpretation by
the pupils.

Session Summaries IIB: Teaching at
the College and University Level, and
IID: Innovative Approaches to
Instruction about the Earth.
This is a combined summary prepared by Nir Orion from
discussion leaders' notes provided by Orion, Yael Kali,
Donald Oakley, Lynda Samp, and Michael Walsh.

As we learned from many of the presentations, teach-
ing and learning in the earth systems framework is an
educational challenge. The following subjects were
raised throughout the presentations as key factors in
order to fulfill the educational challenge of the earth
systems approach:

1. The main constraints to implementation of earth
systems programs are teachers' and students diffi-
culties in teaching and learning subjects in an in-
tegrative manner. Therefore, we should focus on
intensive study of the factors which involve in ef-
fective integrative or multi-disciplinary learning
and teaching.

2. The outdoors was clearly found to be a very com-
mon learning environment for Earth systems edu-
cation. More study and curriculum development
should be invested in this area in order to use this
important learning environment more effectively.

3. The earth systems approach can and should be imple-
mented along all the range, from K-12. In order to
do it effectively we should pay attention not only to
the horizontal scope (the multidisciplinary charac-
teristic), but also to the vertical domain, namely the
development of this subject from K-12. This should
be followed by curriculum materials development
which should be preceded by pre-development re-
search and followed by a formative evaluation study.

4. The limiting factor for the implementation of Geo-
sciences education in general and the earth systems
approach in particular are the science teachers. Sci-
ence teachers all over the world have insufficient
earth science knowledge background. Therefore, the
introduction of Earth system science education into
schools is highly depended on our ability to develop
and implement effective in-service training programs
for the teachers from K-12.
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As one presenter noted, much of the research on educational change never results in differences in

classrooms. These posters, however, offered exciting and relevant information from research in seven

countries that can inform practice in our Earth systems teaching. For example, state and national curricu-

lum reform efforts have a variety of effects on geoscience education, from loss of autonomy by teachers to

opportunities for including environmental awareness in the science curriculum. Student misconceptions

about Earth processes and events are being revealed by new assessment techniques such as concept

mapping, and the same techniques can be used to help students structure their information into meaningful

learning. Research using population modeling for the profession, abduction inquiry as a learning tool, and

perception of geoscience by students and teachers all offered ideas for improvement of Earth systems/

Earth science education.

Implementation and Assessment of
Remote Sensing Concepts in the
Classroom.

Susan Oliver, Owasso Eighth Grade Center, 7714 N. 126

E. Avenue, Owasso, OK 74055 USA.

SCOPE AND METHOD OF STUDY:

Activities and materials were gathered and developed
to produce a unit of study in remote sensing. The unit
was implemented by the author through her science
classes and presented to 116 eighth grade participants.
An overview of the remote sensing unit of study was
presented and assessed.

FINDINGS AND CONCLUSIONS:

A pretest revealed misconceptions and indicated a
lack of knowledge associated with remote sensing ideas
and concepts. The activities and materials were signifi-
cant in the overall success of the unit. Authentic as-
sessments including portfolios, session summaries, con-
cept maps, and individual conferences were utilized
along with a written test. The results of this study indi-
cated that remote sensing concepts are viable teaching
tools which offer students a valuable, interdisciplinary
learning experience. Junior high students showed they
were capable of interpreting remotely sensed data and

demonstrated proficiency in the use and understand-
ing of remote sensing concepts.

Special credit was extended to Dr. Steven Marks at
Oklahoma State University, who used landsat images to
make a mosaic of Oklahoma.

Earth Sciences Education +
Environmental Education = Earth
Systems Education.
Nir Orion, Science Teaching Department, The
Weizmann Institute of Science, Rehovot, ISRAEL 76100

[Dr. Orion provided this special overview as back-
ground for the three abstracts that follow.]

Today, more then ever, there is a worldwide recog-
nition that living in peace with our environment is
more than just a slogan, it is an existential need. It is
also agreed that understanding of each of the earth's
sub-systems and the environment as a whole is indis-
pensable in order to live in peace with the environ-
ment. This understanding is actually what science all
about. There are many ways of approaching environ-
mental education. It is suggested that life on earth
should be the starting point and the end product of
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environmental education. I believe that the main pur-
pose of environmental education is to bring students
to understand the interrelations between life and the
physical environment. Our future citizens should un-
derstand that life influences and is influenced by the
natural environment. The natural environment is a
system of interacting natural subsystems, which each
one influences the other ones. They should understand
that any manipulation in one part of this complex sys-
tem might cause a chain reaction that could come back
as a boomerang effect. The translation of these noble
ideas to a practical educational plan is a very challeng-
ing task. Our view is that real understanding of the
environment is based on understanding of its scien-
tific principles and processes. The societal and tech-
nological aspects of this area should provide the rel-
evant context for the study of the scientific concepts.

Environmental education should be an integral and
indispensable part of the science curricula from K-12.
Moreover, its critical necessity for our society, its rel-
evancy to students' daily life, and its multidisciplinary
nature demand that environmental education should
have an honored central place in the science curricula.
The multi-disciplinary characteristic of environmental
studies, their relevant importance and educational po-
tential inevitably suggest that this subject should be also
included with association to all the scientific disciplines.
One way to introduce environmental topics to the sci-
ence curricula is by using relevant environmental top-
ics as a motivation to learn scientific concepts, and in
higher learning levels, one can use previous scientific
knowledge and principles in dealing with earth systems.
Their should be clear definitions in relation to the knowl-
edge and principles of educational literacy as we have
in all the scientific disciplines. The environmental con-
tent should focus on two main domains: a) Case studies
of environmental issues (the symptoms), and b) the de-
velopment of an environmental insight.

WHAT DOES "ENVIRONMENT" MEAN?

Environment is a very broad term. It ranges from
the natural environment through the man-made envi-
ronment, the home environment and the personal en-
vironment. However, the most common consideration
of the "environment" is in relation to pollution of the
environment or in the positive side of the cointhe
quality of the environment. Also, these two parallel
terms have a large range of aspects, from worldwide is-
sues such as global warming, to regional issues such as
water pollution, to more local issues like conservation
of specific localities; from economical and technologi-
cal derived debates such as alternative energy sources,
to values such as the development of roots towards the
homeland and to more moral decisions such as protec-

tion of endangered species. In principle and also in prac-
tice, one can relate almost everything under the envi-
ronment title.

In the scientific community there are two main
schools of looking at environmental studies. Both ap-
proaches look over the interrelationships between man
and the physical environment, however they differ by
their perspectives. One school is more concerned with
the understanding of the physical environment: study-
ing the five interacting Earth subsystems or spheres
atmosphere, biosphere, cryosphere (ice), hydrosphere
and lithosphere. The other school is more concerned
with the environmental hazards from the human life
perspective. This approach gives more attention to the
interrelation between energy and environment, the ex-
ploitation of our limited energy resources, and its ef-
fects on the environment. The human society, for this
approach, is an integral part of the earth system. Tech-
nology has a dual part in the societal-environmental
interaction. On the one hand, the technological revolu-
tion and the over-using of energy resources dramati-
cally increased the damage of some aspects of the envi-
ronment, but on the other hand, new technologies can
help in limiting environmental hazards and in provid-
ing alternative energy resources.

OUR PERCEPTION OF ENVIRONMENTAL EDUCATION

As a result of the multi-disciplinary characteristic of
the "environment," namely social, technological and
scientific aspects, different educators give different in-
terpretations and focus to the term ENVIRONMENT and
consequently to the term environmental education. The
central topic of the Israeli educational system during
the year 1993-94 has been the environment. Based on
my observations throughout this year, it seems that
many environmental programs did not go far beyond
topics such as cleaning our living area, recycling and
protection of the nature. All these topics are no doubt
very important, however, environmental education, in
my perception, should deal with a deeper consideration.
In order to develop environmentally literate citizens, it
is not enough to focus on the affective domains of the
environment. The main task of a science educator is to
translate the scientific ideas into a practical educational
plan. In relation to the two scientific approaches de-
scribed above I have no doubt that the human perspec-
tive should be the focus of environmental education.
According to the relevancy of environmental issues to
students' daily life and the main purpose of the educa-
tional system which is to educate, life on earth should
be the starting point and the end product of environ-
mental education. However, as we can see from many
existing environmental oriented programs, any attempt
to develop environmental literate students without giv-
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ing them, at least, general acquaintance with and un-
derstanding of the physical environment could never
reach far beyond the level of recycling and cleaning of
the school yard. This acquaintance and understanding
means study about the earth systems. Each subsystem
for its own, the interrelationships between them and
mainly their interrelationships with man. The key role
for real understanding of the physical environment is
the understanding of the basic scientific principles and
processes which are related to earth systems. Thus, the
starting point and the end product of environmental
education should be the man, but in the middle, the
key for achieving any basic environmental insight in-
volves the study of the scientific characteristics of all
the earth systems including the physical environment.

THE INTEGRATION OF EARTH SYSTEMS WITHIN SCIENCE
EDUCATION

The suggestion that development of environmental
insight is based on scientific literacy means that study-
ing our earth systems should be an integral and indis-
pensable part of the science curricula from K-12. In an
era of a revolution in science education all over the
world, which starts to move towards "Science for all"
approach, earth systems education should take a cen-
tral place in the science curricula from K-12. This de-
mand is based equally on the critical necessity of envi-
ronmentally literate citizens for our society and the
educational potential of this subject, namely its rel-
evancy to students' daily life and its multi-disciplinary
nature. In order to give the noble ideas a real meaning
and authority, there should be a definition of what is an
environmental literacy. This should be done by a com-
mittee of environmental scientists and science educa-
tors. In Israel we use two ways of introducing environ-
mental-earth systems topics into the science curricula.
One approach is to use relevant environmental topics
as a motivator vehicle to learn scientific concepts. For
example, the topic of global warming, which is men-
tioned quite often in the media, could serve as a moti-
vator for the study of chemical and/or biological pro-
cesses which are involved in this phenomenon. Earth-
quakes, for example, could serve as an advance orga-
nizer of learning about,the earth crust and about change
as a physical phenomenon. On the other hand, one can
use previous scientific knowledge and principles in deal-
ing with environmental topics. For example, the study
of the carbon cycle should be based on prerequisites of
basic concepts in chemistry, biology and earth sciences.

We find that both approaches are useful and can be
implemented successfully in relation to a specific age
and program.

0 The environmental-earth systems content should be
included in the science curricula

0 The environmental-earth systems content should
focus on two main domains:Case studies of envi-
ronmental issues (the symptoms).The develop-
ment of environmental insight through studying of
systems.

As mentioned above, environmental issues can serve
both as a vehicle for learning scientific concepts and for
organizing and implementing previous scientific knowl-
edge. Environmental case studies should be selected in
relation to the relevancy of the phenomenon to the stu-
dents' daily life experiences and its importance to the
future of the humankind. It is suggested to classify such
case studies to three levels:

The local level

The national level

The global level.
Local case studies are varied from one locality to

another. For example, air pollution is a very relevant
topic for students who live in the Haifa gulf region, while
floods are more relevant to other localities. An example
for one of the most important environmental subject in
the Israeli national level is the hydrological system. The
greenhouse effect and the global warming debate is an
example of global topics. Through such case studies,
students might understand the cause of some specific
hazards and hopefully, what should be done to recover
or prevent them. However, for me, the main purpose of
environmental education is the development of envi-
ronmental insight. This insight is based on the under-
standing the system-cyclical mechanisms of our planet.
The common factor for all environmental hazards that
humanity faces is that they are derived from people's
unawareness of the fact that society is a part of the en-
vironment which is composed of several interrelated
subsystems. They are not aware that any manipulation
in one part of this complex system might cause a chain
reaction that might come back as a boomerang effect.
In order to develop this insight I would recommend fo-
cusing on geochemical and biogeochemical systems
such as: rock cycle, water cycle, food chain, carbon cycle,
oxygen cycle and energy cycles. However, the studying
of such systems should not be sterilized and should be
conducted in the context of its influence on man's daily
life.

THE EDUCATIONAL CHALLENGE

The environmental-earth systems education ap-
proach which is presented above is quite a challenging
scheme. It involves the development of cross-curricu-
lar and cross-age programs. It involves interdisciplinary
subjects and most of all it involves the teaching and
learning about quite complex interrelated systems and
the development of system-cyclic thinking. Thus, sci-
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ence education must find the most appropriate teach-
ing and learning strategies for achieving these goals.
Since the resources of science education, namely teach-
ing hours, are very limited, an additional important
challenge of science education will be to find the mini-
mal scientific background needed for the development
of environmental literacy. In other words, they will have
to find a way for not being too shallow in one hand, and
not to go too deep and staying in the natural systems
level, without reaching the human perspective of the
environment.

In order to fulfill the educational challenge we have
taken the following actions:

1. Together with environmental and earth scientists
and science educators we try to define what is edu-
cational literacy or environmental insight.

2. We try to convince educators (with the scientific sup-
port) that the earth system should serve as frame-
work for "Science for all" programs from K-12.

3. Mapping of the different programs for science ma-
jors in the high school, in relation to earth systems
subjects. The purpose of this survey is to point out
those parts of the curricula which can be taught in
an environmental context.

4. An intensive study which focuses on students' cog-
nitive abilities in perceptions of cyclic multi-
dimensional systems.

5. An intensive study which focuses on learning and
teaching integrative or multi-disciplinary. It is my
suggestion that the main constraints to implemen-
tation of environmental programs are due to both
teachers' and students' difficulties in teaching and
learning subjects in an integrative manner. Thus,
the study will have two domains:

a) A study will focus on students' abilities and
strategies in integration of concepts between
different disciplines and within a single disci-
pline. The main object of this study is to sug-
gest models and strategies to organize and to
teach integrative subjects, and

b) A study which will look for appropriate strate-
gies for the implementation of mUlti-disciplin-
ary programs and subjects.

6. The development of curriculum materials for the sci-
ence curricula from K-12.

7. A key role for success in the above steps is a close
relationship with the professional science commu-
nity and their strong support. According to the multi-
disciplinary nature of environmental studies, there
is no single scientist who can cover all the aspects of
this large area. Therefore, one of the most impor-

tant conditions for the development of scientifically
sound curriculum materials is a strong scientific
backing of a group of scientists who are specialized
in different aspects of the earth sciences and envi-
ronment studies.

8. In-service training for teachers. The implementation
of the learning materials is involved with massive
in-service training (INSET) programs for the teach-
ers who have to teach these new materials. Since for
many of them both the subject matter and the inte-
grative approach are quite novel, the INSET pro-
grams should be focus on both subject matter en-
richment and the development of the appropriate
teaching strategies for cross curricular teaching.
The locating of appropriate niches for the infusion

of environmental or earth systems oriented units in the
curricula, the development of appropriate learning and
teaching strategies, the development of appropriate
learning/teaching materials, a massive INSET programs
and a strong support of professional scientists are al-
ready starting to have their positive influence on the
quality and quantity of the earth systems teaching and
learning within the Israeli educational system.

Understanding the Water Cycle in the
Context of the Earth System.
Orit Ben-Zvi Asarraf and Nir Orion, The Science
Teaching Department, Weizmann Institute of Science,

Rehovot, ISRAEL 76100

In the Israeli school system, the "water cycle" is one
of the most common themes among science curricula.
This reflects the fact that it is a multi-disciplinary topic
which includes elements from all the sciences.

However, students rarely receive an integrated pic-
ture of this cycle, because its various elements are
farmed out amongst the different scientific disciplines.
For example, in the biology program, students study
the role of water in human physiology.

Research has shown that students who do not re-
ceive a coherent picture of the water cycle usually pos-
sess many misconceptions about it. A better approach
starts with the water cycle as an integrated earth sys-
tem, similar to the rock cycle. Thus, neglected ele-
ments in the cycle, such as the role of groundwater,
should be added to the more commonly presented
evaporation and condensation processes to present a
complete picture of the cycle. Further, changes in wa-
ter state must be connected to the general earth sys-
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tern, rather than being taught as disassociated physi-
cal and chemical processes.

The junior high school program "The Blue Planet"
addresses these criticisms by:

1. presenting a coherent depiction of the various pro-
cesses (chemical, physical, geological and biologi-
cal) at each stage of the water cycle.

2. relating the water cycle to the various parts of the
earth system (lithosphere, atmosphere....).

3. presenting the water cycle in a Science, Technology
and Society (STS) format. This provides a wider scope
of investigation, from previous curricula which had
a narrow pure scientific basis. During the program,
students pursue independent research in which they
demonstrate their knowledge of the STS elements
of their projects.

4. using constructivist methods to alter the students'
misconceptions of the water cycle. This is needed
because the fragmented picture that students usu-
ally receive of the water cycle contributes to their
misconceptions.

5. using the computer to access the global data base so
that students understand that the water cycle is a
world wide phenomenon.

"The Blue Planet" was taught during the 1996/97
academic year to three 8th grade classes of Israeli school
students. At the same time, research was done access-
ing the students changing understanding of the con-
cepts presented in the program.

Earth Science Approach to Teach Global
Carbon Cycle in High School Level.
Yossi Gudovitch and Nir Orion, The Department of

Science Teaching, Weizmann Institute of Science,
Rehovot, ISRAEL 76100.

The following work presents a module which deals
with the global carbon cycle, as well as the research
conducted prior to its development. Traditionally the
global carbon cycle is mentioned and taught in high
school only in relation to the biology or chemistry cur-
ricula. Our program was designed for Israeli high school
students "majoring" in earth sciences and it is a first
trial to teach the carbon cycle in the context of all earth
systems.

The global carbon cycle was chosen because it al-
lowed us to illustrate various interactions among dif-
ferent earth systems. In addition, it has major relevance
to the current environmental crisis (for example the
increasing "greenhouse effect"). Finally, it is illustra-
tive of the way science operates, presenting as it does, a
problem that is dependent on all of the scientific fields.

Three basic principles guided the development of this
module:

G Public awareness about the influence of human ac-
tivities on natural systems.

G The recognition that learning is a process of adding
to existing cognitive constructs (constructivism).

G Utilizing computers (including the Internet) and the
media to expand the available data base for student
activities.

The goals of this work are:

to define students' prior knowledge about global at-
mospheric change, and the global carbon cycle.

to utilize the global carbon cycle as a model for il-
lustrating interactions among the various earth sys-
tems.

to develop basic skills for future learning in science.
Thus, the module includes a wide variety of exer-
cises, many of them based on self directed activities
such as reading research articles.

to develop instructional methods that will aid teach-
ers in developing systematic patterns of thinking in
their students.

Preliminary findings of our study identified several
misconceptions for example: Stratospheric ozone layer
depletion is one of the causes for the enhanced green-
house effect; ozone is a helpful gas in all layers of the
atmosphere including the Stratosphere; enhanced
greenhouse effect causes more people to get skin can-
cer. Following the implementation it was found that the
students' motivation for this curriculum increased sub-
stantially during the year and some of their misconcep-
tions about this topic were eliminated. For example, the
students came to understand that although man is a
large factor in the global carbon cycle, his effect has
only been pronounced in the last instant of geologic
time. Finally, because of the global nature of this pro-
gram, they were able to distinguish among different
environmental problems that affected the different earth
systems.
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Incorporating Environmental Aspects
of Earthquakes within the High School
Earth Science Curriculum.
Yaniv Dubowski and Nir Orion, The Science Teaching

Department, The Weizmann Institute of Science,
ISRAEL 76100.

The purpose of this research was to design a pro-
gram that increases the environmental aspect of the high
school earth sciences curriculum. The specific focus of
this program was earthquakes, their geology, physics,
economic influences, and social costs.

Along with its development this curriculum was
tested to determine the effectiveness of the curriculum
material and learning strategies. Finally, the potential
of multimedia authoring, as a learning tool, was exam-
ined among students using the software ASTOUND. The
subjects of this study consisted of 32 students divided
among two Grade 12 high school classes.

The curriculum has three consecutive phases:
1. Introductory phase: Students were provided with a

basic background into earthquakes. Towards this
end, the following curriculum materials were devel-
oped:

A laboratory manual containing earthquake related
experiments.

A field guide presenting students with geological and
historical evidence of earthquakes in Israel. This
guide was designed in order to prepare students for
a two day field trip to the Dead Sea and The Galil.

An example of a multimedia presentation about
earthquakes.

2. Independent study projects: In this stage, students
did in-depth study on a selected topic related to earth-
quakes.

3. Student designed multimedia projects: In this stage,
students presented the results of their independent
research using the multimedia authoring tool AS-
TOUND.

The research consisted of a Pre-development phase;
curriculum design phase; implementation and evalua-
tion. The research tools included questionnaires, inter-
views, classroom observations, concept mapping, and
in depth analysis of multimedia presentations.

The general result shows that an integrated program
consisting of laboratory exercises, field trips and inde-
pendent study project can lead to meaningful learning.
This is reflected by the fact that there was an overall
increase in student understanding about earthquakes.
However, at the same time, the two subject groups do
show a major difference, according to the quality of their
presentations. The class that produced better indepen-
dent study projects showed a deeper appreciation of the
significance of earthquakes to the human environment.
They also developed a greater understanding of inter-
disciplinary science.

These results suggest that this curriculum serves as
good general model for implementing other types of
environmental issues in earth science education.

[See figure below]

Although the students enjoyed using the multime-
dia program, there was no evidence to support the as-
sumption that it contributes to knowledge acquisition.
In fact, much of the time spent on multimedia authoring
was merely decorative, which took time away from
meaningful learning. Thus, it is suggested that in order
to take advantage of the potential of this tool, one must
first teach the student proper presentation design.
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Changes in the Earth-Sciences
Classroom Influenced by Educational
Research.
Luis Marques, Department of Didactics and Technology

Education, University of Aviero, 3810 Aveiro, Aveiro,

PORTUGAL. J. Praia, A. Leite, and A. Futuru, University

of Porto, Porto, PORTUGAL.

INTRODUCTION

The main aim of this paper was to discuss the rela-
tionships between the suggestions provided for educa-
tional research in Earth-sciences and their reflections
in school science classrooms. We claim that educational
research in Science Education namely in Earth Sciences
is of no value if it is not strongly reflected in practices at
the classroom. Nevertheless the gap between the results
achieved by the research teams and the strategies and
activities still used by science school teachers is well
known, i.e. the dialogue between academic researchers
and practitioners has not been developed enough
(Kempa 1991). We think that one of the obstacles caus-
ing this unpleasant situation is related to the lack of
teachers' own participation in the activities carried out
in the research teams. It seems that the picture con-
cerned with the real situation is quite well defined: on
one hand research projects are developed for science
teachers rather than with teachers, and on the other
hand there is a lack of inservice training programs for
helping teachers rethink their practices towards inno-
vative ones. For changing this procedure a set of at-
tempts have been developed during the last few years in
Portugal. The discussion of the context of this issue was
the subject throughout this paper.

SHAPING THE PROBLEMS

There is a political preoccupation with, and policy
emphasis on, education in general and science educa-
tion in particular all over the World (Laws 1996). If there
is this common view about the relevance of achieving
meaningful science concepts, it is not easy to under-
stand, at least in a first glance, why students decrease
progressively their enjoyment for science as they grow.
This means that one finds dissatisfaction among

o teachers about the effectiveness of their teaching.

0 curriculum makers concerned with the gap between
the aims pointed out and the results achieved by the
students.

IRSEV MAC, ar BS ILP

Understanding of Geological Time
among Children, Teachers and Student
Teachers.
Roger Trend, School of Education, University of Exeter,
Heavitree Road, Exeter, UNITED KINGDOM EX1 2LU.

The understanding of many Earth Science processes
and events is strongly dependent on a grasp of geologi-
cal time. This key concept lies at the very heart of geol-
ogy, yet very few educational researchers have investi-
gated how children and others conceive it. The proposi-
tion is made that UK society has no shared understand-
ing of "deep time," unlike equivalent core concepts in
other disciplines such as "life" in biology, "light years"
in astronomy and "historical time" in history. There is
a vicious cycle of shared ignorance and misconception,
with little evidence that it can be interrupted easily.Even
when geological phenomena appear in popular culture,
such as Spielberg's 'Jurassic Park' film, there is no evi-
dence that understanding of deep time is enhanced.

It is proposed that this state of collective emptiness
in relation to deep time provides a barrier to understand-
ing of other geological concepts, including events in
the geological history of planet Earth. It is postulated
that student teachers, teachers and parents are inse-
cure in their grasp of deep time so they are unable to
devise effective learning activities. When a child pro-
duces a fossil or asks about dinosaurs, such adults lack
the knowledge and understanding needed to respond in
powerful ways, which might include reference to the
time context. This core concept is dismissed with phrases
such as "millions of years ago" or "a long time ago" and
attention is shifted, perhaps, to the specimen's physical
attributes or the dinosaur's habitat.
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In their teaching of Earth history, many UK teach-
ers are unable to capitalise on any existing understand-
ing and expertise. This is in marked contrast to the
imaginative and informed approaches they use when
teaching children about historical events. For example,
many teachers are highly creative in their use of his-
torical evidence such as artifacts, pictures, documents
and recorded interviews with old people. They can lo-
cate historical events in chronological sequence and can
reinforce the continuity of historical time through ref-
erence to extant phenomena. When faced with an his-
torical event or artifact they can provide children with
powerful lines of enquiry.

This paper presented the results of empirical research
into the knowledge and understanding of geological time
by a range of children, teachers and student teachers.
In all cases many different but familiar geological events,
phenomena and objects provided the framework for a
range of test items focusing on deep time. A range of
research instruments was used, including structured
and open interviews, questionnaires, concept mapping,
question generation, drawing and word association. Key
areas of misconception are identified for each category
of child and adult. In particular, misconceptions which
appear to be persistent are identified and possible lines
of intervention are suggested.

Although the English/Welsh National Curriculum
in Science and in Geography is relevant to only a pro-
portion of the respondents, such content is related to
the core concept of deep time. A longitudinal study
will be required in order to evaluate any influence of
the National Curriculum on UK society's understand-
ing of deep time.

Developing an Earth Science Inquiry
Learning Model Based upon the
Characteristics of Earth Science.
Chan-Jong Kim, Department of Science Education,
Chongju National University of Education, Chungbuk,

KOREA.

Various research methods have been used in science
depending on the context of science research. This im-
plies that various inquiry learning models, instead of just
one, should be developed based upon the characteristics
of each content area for more effective science learning
and better understanding of the nature of science

The context of earth science research is quite differ-
ent from that of other areas of natural science in terms

of its time-, space-, accessibility-, complexity-, and
operationability- dimensions. The purpose of earth sci-
ence research is twofold: historical and causal. One of
the characteristic inferences in earth science is abduc-
tion which includes analogical reasoning and elimina-
tive induction.

Abductive inquiry learning model was developed and
described in this paper. The model emphasizes the search
for possible processes of the past which form the present
earth, and selecting the most probable process based upon
the limitations of the phenomena observed. The applica-
tion of the selected process to the real world is also
stressed in the model. The possibility and effectiveness of
the new model should be tested in the near future.

Teaching the Evolution of the
Atmosphere and Oceans.
Alastair Fleming, Department of Education, Keele
University, Keele, Staffordshire, ENGLAND ST5 5BG

The Science National Curriculum in England and
Wales, which for the first time brought Earth science
content into the compulsory school curriculum for ages
5 to 16, has undergone several major revisions in its
short life from 1989. There has been sustained pressure
from other major sciences to reduce this Earth science
content at every stage of these revisions, but there are
still small but significant sub sections entitled 'geologi-
cal changes' in the science curriculum for both 11 to
14 and 14 to 16 year olds, incorporated within the chem-
istry section.

However there is an aspect of Earth science in the
latest (1995) version that features in a rather curious
way outside the geological changes section, and appears
to be a remnant of the meteorology section of the previ-
ous (1991) version which was otherwise cut out entirely.
Why this statement survived a revision designed to cut
down the total content was not made clear:

'Pupils must be taught how the atmosphere and
oceans evolved to their present compositions.'

This statement is placed in the chemistry section,
just before the geological changes sub section, within a
sub section entitled 'changes to the atmosphere,' along
with a second statement: ' how the carbon cycle helps
to maintain atmospheric composition,' which perhaps
indicates why the topic is considered important for the
science curriculum for 14 to 16 year olds. Yet most
chemistry teachers, let alone other science teachers,
have little knowledge of the present state of scientific
understanding of the origin and evolution of our atmo-



Learning about Earth as a system: Proceedings of the Second International Conference on Geoscience Education

sphere and oceans. Indeed a review of existing school
science texts indicates the topic is largely ignored, or
treated very cursorily, while no accessible texts appear
to review the topic as a whole.

For this reason an overview of current understand-
ing was attempted to use with science teachers in in-
service programmes. This was accompanied by sug-
gested learning objectives for pupils, and possible teach-
ing strategies. The materials have been used several
times during in-service presentations, but are regarded
as still under development both in terms of the extent
and accuracy of the scientific 'story lines' and in terms
of a reasonable interpretation of these for teaching and
learning with 14-16 year olds.

The poster presentation set out the 'story lines,' the
proposed learning objectives and teaching strategies,
and invited comment and advice from other participants.

What is This Thing Called Geoscience?
The Perspectives of Some Geography
Students and Their Instructor.
Alfredo Bezzi, Earth Sciences Department, Genoa
University, Viale Benedetto XV, ITALY 5-16132.

Students' perceptions of science are considered by
science educators a fruitful area of research for improv-
ing teaching and learning. The rationale to acknowl-
edge the importance of this kind of studies includes: (1)
the need for science education to improve scientific lit-
eracy and hence public understanding of science to ap-
propriately prepare informed citizens who can fully par-
ticipate in a modern democracy; (2) the need to elicit
the images of science that students are likely to hold
when they enter the science classroom.

The main aims of this study were to outline the im-
age of some geological disciplines constructed by un-
dergraduate students, and to verify whether the teach-
ing of Geology could affect the construction of such an
image. The subjects of this research were eight first year
undergraduates of the Geography degree course and
their Geology instructor.

Researchers in this domain generally carried out
their studies directly interviewing people, or indirectly
analysing textbooks, newspapers, lessons, television pro-
grams, written drafts, and drawings. In this investiga-
tion the author used the repertory grid technique, the
tool envisaged by George Kelly to elicit people's personal
constructs according to his theoretical framework
known as "Personal Construct Psychology." Kelly's

theory is based on the assumption that individuals psy-
chologically work in accord with their attempts to give
their surrounding world a meaning, through hypoth-
eses which are either refused or verified as a result of
subsequent experiences. The basic units of these hypoth-
eses are the 'personal constructs' which offer an idio-
syncratic model of reality for each individual.

The elicitation of constructs took place at the begin-
ning and at the end of the academic year. Principal com-
ponents analysis was used to determine teacher and stu-
dents' constructs with the most important epistemo-
logical value, i.e. the constructs that mostly affect stu-
dents' perception and interpretation of the geosciences.

Students' and teacher's constructions were grouped
in five categories: 1. Objects, areas and techniques of
investigation. 2. Nature of science. 3. Application of sci-
ence and its professional aspects. 4. Affective aspects. 5.
Characteristics of the courses. The findings indicated
that some stereotyped images of science appear with a
characteristic antithesis between Physics, considered
objective and rigorous, and the Geosciences, seen as
subjective and approximate. This continued viewing
Geosciences from the perspective of Physics emerges in
particular from data illustrated by the principal compo-
nent analysis where many of the constructs matching
with this commonplace image seem to be a persistent
keystone of teacher's and students' epistemologies.

In relation to cultural and societal aspects inherent
with geosciences, the data show that professional aspects
connected with the application of geoscience to everyday
problems decreased at the end of the academic year and
little concern to societal issues emerged as a significant
conceptual dimension. These results seem to indicate that
simply teaching Geology doesn't change students' im-
ages of geosciences. Such a conceptual change must come
from within students' cognition and, therefore, the aware-
ness of students' beliefs should be the starting point to
allow for this cognitive reconstruction.

Growing Populations of Geoscientists.
Ian E. Penn, British Geological Survey, Keyworth,
Nottingham NG12-5GG, ENGLAND, UNITED KINGDOM.

The British Geological Survey has offered a life-time's
career to geoscientists for over 160 years. In the past six
years, it has taken corporate action to develop the skills
of its scientists to meet its changing business needs,
particularly because of the increase in short-term con-
tract work over the central government funded work
(Penn 1996,625-632).
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Survey staff (currently totalling over 800 men and
women) can be classified in populations of distinct pro-
fessional groupings, such as field geologists, hydrocar-
bons geologists, hydrogeologists, or seismologists,
which embrace such a diversity of geoscience skills that
the phrase 'one-stop-shop' has been used to describe
the organisation. These geoscientists are supported in
their work by populations of information technologists,
scientific support staff and others.

Plots of age versus year for each of these professional
populations show distinct patterns depending on rates
of recruitment, deployment and mortality (generally
retirement). Broadly speaking, J-shaped curves charact-
erise new groups with a high, youthful intake such as
Information Technologists, and groups with a high staff
turn over such as Scientific Support Staff. Long estab-
lished groups, such as Field Geologists and their sup-
porting Cartographers, show unimodal agedistributions,
whereas groups which have not recruited regularly have
a high proportion of aging and older staff and they face
natural extinction.

Maintenance of such populations gives a longer term
stability to the staff population of BGS as a whole than
would be the case if staff were hired and fired to meet
short term contracts. They give time to allow skills to
be nurtured, individuals to be fully professionally de-
veloped and staff to be retrained if it is thought popula-
tions are imbalanced. Thus the groups are defined and
individuals grown from youth along the lines set down
by internal training guides geared to standards of pro-
fessional accreditation set by outside bodies such as the
Geological Society of London. More mature staff follow
similarly governed paths of Continuous Professional
Development.

The scale, rate of development, and the balance be-
tween professional populations is determined by the
organisation's business needs. Current populations have
hitherto enjoyed a low rate of mortality and retain char-
acteristics of previous bursts of growth. Thus some popu-
lations show cyclically recurring age-frequency peaks
indicative of cyclical recruitment on varying scales, de-
pending on the organisation's changing business inter-
ests over the years. It is thought that a future goal of
population growth will be to ensure more uniform
growth by the development of staff skills through re-
training allowing redeployment.

Staff development, including training and retrain-
ing to ensure a viable ecosystem of balanced popula-
tions, is guided by the organisation's adherence to an
external, UK national standard of training and
devlopment. This, the Investors in People standard, has
its origins and current main success in the private sec-
tor where it ensures that training is related to business
need. It is not easy to achieve the equilibrium popula-

tions, and considerable managerial skill by directors and
senior management is required. Given the wide range
of geoscientific (and other) skills in BGS, it is felt that
such population modelling within BGS may be taken as
a general approach to growing populations of geoscien-
tists (and other scientists) within communities such as
companies or countries where resources are finite.

REFERENCE
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Earth Science Teaching: An
Approximation to a Comparative Study
in Some Latin Countries.
H. Lacreu and M. Caballe (Argentina), M. Compiani
(Brazil), E.M. Cruz (Cuba), F. Anguita (Spain), G.M.
Pedemonte (Italy), G. Guilarte and J,. Riestra, CENAMEC,

Caracas, VENEZUELA.

During the IX Symposium on Geology Teaching
(Spain, 1996) a group of professionals from latin coun-
tries interested in geoscience education was formed. The
first task was to make a comparative study of their edu-
cational systems and the way Earth Science is taught
and the teachers who are in charge of the courses. The
results will lead to a second step aimed to design one or
two research lines to generate some discussion about
Earth Science teaching in the context of these coun-
tries. This paper presents some results from the first
task of this group about ES teaching in these countries.

The curriculum is national with some regional par-
ticipation, except from Brazil. Argentina, Brazil and
Venezuela are having a reform process financed by the
World Bank in order to have a Basic National Content
Curriculum that will be finally designed in every state.
This approach is very strong especially in Basic Educa-
tion (primary plus lower part of secondary school).

Except in Brazil, these countries use the "center to
peripheria" curriculum model. The rationale of this
model lays on well prepared teachers using the "right
approach" to teach, but the real situation is that there
is a big gap between the planned, the implemented and
the achieved curriculum. Under these conditions there
is a need for better university teachers' courses and for
a strong in-service program. In Basic School the ten-
dency is to have a "fragment content" Earth Science
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curriculum rather than integrated courses. Earth Sci-
ence can be found in Natural Science and Social Sci-
ences subjects. There is a diversity of ES courses at Sec-
ondary School. In Spain, Italy and Venezuela there is
one year ES course, although at different ages. Earth
and Environmental Sciences in Spain is an optional
course. In Italy there is an experimental ES course at
upper secondary school and there is a compulsory ES
subject in Venezuela. In Argentina ES contents are found
in natural science subjects and in geography subjects
in Brazil and for Cuba these contents are in Biology
and Geography.

The approach of planned ES courses tends to be in-
tegrated within the sciences that aim to study our planet
and these curriculum have a very strong emphasis on
environmental situations.

The majority of teachers lack training in ES, espe-
cially basic school teachers. In Brazil and Italy the train-
ing of basic school teachers is done at secondary school
level although the tendency is to progressively demand
a university degree. At secondary school, teachers for
these courses are trained as geologists or other natural
science specialist in Argentina, Spain and Italy. In Ven-
ezuela there are ES teachers although they are not the
majority of teachers in charge of this subject. In Brazil,
because ES contents are incorporated within geogra-
phy subjects, teachers are geographers, and in Cuba they
are Biologist or Geographers.

From this panorama it can be said that there is a
mixed up situation where it is not clear what is meant
for Earth Science and Geography. There is a need to
clarify this epistemological issue within the reform pro-
cess that is under way in the majority of these coun-
tries. The lack of ES teacher training at the university
reveals the necessity for a strong in-service and a revi-
sion of university teachers' courses.

Session Summary MA: Research and
evaluation studies of instructional
innovations
Summary prepared by Rosanne W. Fortner using notes
from the discussion leaders: Fortner, Alfredo Bezzi and

Roger Trend.

The guiding thought for this theme was that we are
really just beginning our research on systems learning,
and the primary goal is to help people overcome cogni-
tive obstacles. Several subthemes emerged from the dis-
cussion groups in this session:

O the importance of research to inform practice,

O an analysis of the research tools we are (should be)
using,

O preparing personnel for the various levels of educa-
tion, from classroom teacher to teacher educator to
researcher, and

O cultural implications of geoscience education re-
search.

RESEARCH INTO PRACTICE.

Participants in the session voiced concern that it is
very difficult to assess whether students (and teachers)
have a systems level of thinking. As yet few researchers
are comfortable with the possibility that understand-
ing, not just knowledge, might be measurable. This will
be a complex process, parallel to the complexities of the
systems themselves, so assessment will have to relate
to several levels of cognition: knowing, using informa-
tion, knowing what to use and when, etc.

Researchers should take care not to threaten the
subjects of their research, but to involve them as par-
ticipants in the learning process of research. It should
be possible to establish a community for sharing among
learners, teachers and researchers, because all will ben-
efit from the results of good research.

RESEARCH TOOLS.

There was a consensus that, while objective tests are
clearly inadequate, our present research tools lack so-
phistication and probably are not getting at the real in-
formation that would be useful as research results. It
would be good to be able to conduct one-on-one case
studies, but the feasibility and generalizability of that
approach make the method unrealistic. While concept
maps are probably a good way to analyze readiness for a
systems approach, researchers would have to justify their
judgment of whether a "good" map is convergent or di-
vergent on a particular topic. (Participants did see value
in using concept maps as research tools, but most did
not yet feel adequate as an interpreter of their contents.)
The repertory grid described in one poster clearly holds
some potential, though it is also complex in interpreta-
tion. It should also be possible to assess system think-
ing through an informal interview, perhaps a conversa-
tion on a field trip with notes recorded later. This might
work best with older students who are less self-conscious
and more likely to speak their minds.

Some participants see potential in using new multi-
media tools for research, especially by tracking student
progress electronically, and assessing students' way-find-
ing skills as they use complex information systems or
remotely sensed geographic images. Some of the re-
search from fields such as geography and information
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sciences may help geoscience educators conduct such
research.

PREPARING PERSONNEL.

Research was reported on the characteristics of the
geoscience community, and perceptions were voiced that
geoscience education was not always staffed by person-
nel trained in the field. Quite often teachers are assigned
to teach the geosciences when they have not been taught
the subjects themselves, or have been taught by non-
specialists. A primary target for building professional
security should be the primary teachers, said many par-
ticipants, and the place for such professional develop-
ment should be the school environment itself, with at-
tention to creative use of available resources and envi-
ronments. Another target audience is the older estab-
lished teachers who may resist change to systems ap-
proaches, those who do not see a need to fix their own
approach because there is nothing wrong with it. In any
case, geoscientists in higher education should be set-

ting the example for education in the future, because
people teach as they have been taught. We must enact
good teaching to model it.

CULTURAL IMPLICATIONS OF RESEARCH.

No types of culture were discussed: international
and multi-ethnic culture, and the culture of the teach-
ing profession with its resistance to change. The latter
received more attention in terms of sharing of mutual
experiences, as indicated in the previous categories of
the discussion. As for international culture, many felt
the role of this forum (the conference) could be extended
through different mechanisms to encourage more geo-
science education research, perhaps through interna-
tional collaboration, comparison of techniques across
cultures, development of cooperative manuscripts,
shared research by internet, and the like. The confer-
ence coordinators are excited with this possibility and
hope the outcomes of the experience will include greater
amounts of international research cooperation.
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Session OE Public Worms 'oon 1 rough If useurns and

er llno maD ducation [milesI
Art Sussman and Wei Wen, Moderators

Libraries, museum programs and exhibits, stage shows and professional organization outreach can

be valuable means of extending learning about Earth systems beyond what classrooms and formal media

can accomplish. Examples in this poster set focused on the need for greater public awareness of Earth,

including environmental stewardship aspects and the opportunityto link Earth subsystems through studies

of environmental issues. Presenters from five countries described how their nonformal education efforts

are designed and received by their special audiences. Outcomes from such education extend beyond test

scores, resulting in sustainable development, effective resources management, and personal actions that

show responsibility for protecting the environment.

Geoscience Literature and Libraries as
Components of Earth System Education.

John Kawula, Pacific Lutheran University, Tacoma, WA
98447-0013 USA.

Libraries are important components of geoscience
education. Due to shifting patterns of publication and
budgetary pressures, libraries are focusing less on com-
prehensive collection development and more on selec-
tive collections, smooth integration of printed and elec
tronic sources, and interlibrary loan. There is a con-
cern within the library field that many minor but im-
portant forms of literature such as historical treatises,
hand drawn illustrations, plates, theses, maps, GIS prod-
ucts and internet data files will not be preserved, in-
dexed, used, or cited effectively. Continued recognition
and use of all forms of literature is important for the
full expression of the fields and the type of synthesis
implied by earth systems integration. Specialized pres-
ervation and indexing projects, encouraged and/or fi-
nanced by major subject fields, help ensure that this
takes place.

It is also helpful for students at various levels to see
and use a broad spectrum of resources. Recognition and
significance of patterns such as governmental vs. pri-
vate publication, textual vs. graphic, or mainstream vs.
"gray" literature then become more apparent. The syn-
thesis of concepts and ideas are often expressed most
clearly in secondary or tertiary literature such as sub-
ject oriented encyclopedias. Unfortunately, these are
often neglected by instructors and students who prefer
to rely solely on journal or internet resources. Effective

use and integration recognizes not only the full range
of resource material, but the strengths and weaknesses
of various indexing systems, and the availability of mod-
ern library services such as bibliographic instruction,
interlibrary loan, and on-line document delivery.

Earth Science Expanded to the
Universe: A New Exhibit Hall.
JoAnn Coburn, J.T. Hannibal, and P.C. Clifford, Jr., The

Cleveland Museum of Natural History, 1 Wade Oval

Drive, University Circle, Cleveland, OH 44106-1767 USA.

The Cleveland Museum of Natural History will open
a new hall of Earth and planetary exploration this fall,
integrating the disciplines of geology and astronomy in
order to increase visitor knowledge and understanding
of the Earth and how it works, and its place within the
solar system and universe. The integrated planetary
approach to geoscience will expand the concept of learn-
ing about Earth as a system to an even wider arena.
Visitors to the hall will be immersed in the atmosphere
of earth phenomenawalking though a lava tube, ex-
periencing a simulated earthquake, visiting a mine and
a cave. Numerous activity stations throughout the hall,
from simple flip charts to interactive videos, will chal-
lenge visitors to explore Earth science in ways that dem-
onstrate the complexities of the Earth and their rel-
evance to ,everyday life.

A variety of means will be used to tease out the vari-
ous strands of complex earth systems and make them
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more apparent to the visitor. Thematic activity guides
will deal with strands such as time, life and water, for
example. Classes (K through college) and self-guided
program tours are being developed along with teacher
guides, workshops and traveling kits for schools. Learn-
ing services for the public will be supplemented by au-
dio tours, braille signage, hands-on carts and docent
tours and demonstrations. Funding of the project in-
cludes major grants from the Reinberger Foundation
and the National Science Foundation.

Getting Down to Earth: Linking
Museums, Museum Earth Scientists,
Professional Organizations, and the
Public.

David M Rudkin, Department of Palaeobiology, Royal

Ontario Museum, 100 Queen's Park, Toronto, Ontario,
CANADA M5S 2C6.

Natural history museums are among the most ef-
fective links between Earth science and the general pub-
lic. For many people, their first and often only exposure
to rocks, minerals, fossils, the concept of geological time,
and Earth processes in a learning context, is through
the medium of a museum gallery or exhibit. Partly in
response to growing visitor sophistication and expecta-
tion, traditional static systematic displays in larger
museums are gradually giving way to more innovative
designs. While these retain the essential museum in-
gredient of real specimens, the tendency now is to pro-
vide the visitor with a more conceptually-oriented ex-
perience and greater personal involvement. A related
trend in public programming increasingly brings mu-
seum Earth scientists out from behind the scenes and
into immediate contact with visitors, through lecture
series, courses, identification clinics, and other avenues
for interaction. These developments provide marvelous
opportunities for enhancing baseline public literacy in
the Earth sciences. While museum science specialists
may communicate with the general lay public only on
an occasional basis, they often maintain far more fre-
quent contact with a burgeoning community of ama-
teur Earth science enthusiasts, hobbyists, and collec-
tors. This mutually beneficial linkage with amateurs is
one which also has great potential for parallel develop-
ment by societies and associations representing profes-
sional Earth scientists. The Paleontology Division of the
Geological Association of Canada has recently estab-
lished an Affiliates Program to foster interaction between
members (largely professionals at universities, major

museums, geological surveys, and in industry) and ama-
teur organizations with interests in paleontology, natu-
ral history clubs, small museums, and teachers. Affili-
ate members receive a copy of the Directory of Cana-
dian Paleontologists which provides listings 'of special-
ists and members with interests in public education.
They also receive the Paleontology Division newsletter
containing updated research summaries, meeting sched-
ules, publication announcements, discussions of topi-
cal issues, and an Affiliates section devoted to their own
submissions. The Affiliates Program is still under de-
velopment, and among other things regional coordina-
tors hope to organize visiting lectures, volunteer work
opportunities, and co-operative research efforts. As Af-
filiates become more involved and aware, they in turn
will be able to engage in more effective local outreach.
Ultimately such links between amateurs and professional
organizations will result in better communication and
heightened awareness of the Earth sciences within a
broader sector of the general public.

AGSO's Geoscience Awareness
Program.

Gary Lewis, Geoscience Education, AGSO Geoscience
Awareness Unit, GPO Box 378, Canberra ACT 2601,

AUSTRALIA

The Australian Geological Survey Organisation
(AGSO) is part of the Commonwealth Department of
Primary Industries and Energy. AGSO undertakes geo-
1 ogi cal and geophysical studies to provide the
geoscientific knowledge necessary for the sustainable
development and effective management of Australia's
mineral, petroleum and groundwater resources. Its ac-
tivities also contribute to understanding natural changes
in the environment and natural hazards, such as earth-
quakes and volcanic activity.

AGSO's Geoscience Awareness Unit provides the vi-
tal link between the Organisation and the community.
It operates programs for the education sector (primary
& secondary), university students, government policy
advisers and the general public. The greatest successes
to date have been in the education sector where a teacher
training and resource development program will pro-
vide teaching materials which teachers estimate will be
used with over 60% of all Australian secondary school
students. Other activities include government field con-
ferences and working to raise university student aware-
ness of the information available through the
Organisation.
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The Unit's operations are self fundingthe
Organisation pays staffing costs (2 people) but all other
costs are met through sale of products, sponsorship and
grants. This mode of operation has led to creative
projects which meet the needs and demands of a di-
verse and often isolated community.

Forces of Change.
Deborah Rothberg, National Museum of Natural History,
Washington, DC USA.

FORCES OF CHANGE is an exhibition project being
organized at the National Museum of Natural History
at the Smithsonian Institution in Washington, D.C. It
will address the geological, biological, and cultural
changes that have shaped and sustained the Earth since
the beginning of time. More specifically, the exhibition
will show that change is a constant, demonstrate the
various scales at which change takes place, provide the
necessary historic and scientific information needed to
make informed choices, and convey the excitement and
uncertainties of learning about the Earth.

The exhibition will provide this information through
a series of carefully selected case studies. By examining
these complex and dynamic processes as they operate
in a series of smaller systems, it is easier to understand
what is happening across the globe atmospherically,
geologically, and environmentally. FORCES OF
CHANGE is to be a permanent installation, but the re-
gional themes will rotate every one or two years begin-
ning with the stories of Antarctica and the North Ameri-
can prairies.
O Antarctica: The relatively pristine landscape of this

remote continent serves as a living laboratory for
scholars around the world interested in studying the
processes of past and future global change.

O The Prairies: The heartland of North America is an
important ecological and nutritional resource that
must be carefully studied and managed if we are to
preserve its viability.

In addition to hundreds of scientific and cultural
objects from the Museum's collections, the exhibit will
feature murals, dioramas, a stunning light-and-sound
show, computer interactives, multi-media presentations,
computer link-ups to research field stations in Antarc-
tica, and highly sophisticated scientific instruments
measuring and recording atmospheric, oceanographic,
and seismic data from across the world, so that mu-
seum visitors will be able to monitor the state of our
planet on a daily basis.

A book published in conjunction with the exhibit
will feature stunning images and thought-provoking
essays by the world's leading thinkers on issues raised
in the FORCES OF CHANGE exhibit. Additional corol-
lary materials will be available in a variety of formats
videos, CD-ROMs, curriculum guides, and postersfor
use in classrooms, libraries, municipal buildings, and
visitor centers. Traveling versions of each regional story
will be available to participating museums across the
country. The FORCES OF CHANGE exhibition prom-
ises to be a "force of change" itself in shaping how we
think and teach about the Earth.

Sustainable Development in China:
Importance of Public Education in
Environmental Earth Sciences into the
21st Century.

Wei Wen, Chinese Academy of Sciences, Institute of
Geochemistry, RO. Box 1131, Guangzhou, Wushan,

RR.CHINA 510640.

In China, rapid population growth, increased demand
for dwindling resources, and environmental contami-
nation are causing severe impairment of the ecosystem,
thus threatening the living standards and very existence
of the population. Proper management of population
control, economization of resources, and environmen-
tal protection are urgently needed for the development
of a sustainable economic environment.

Research on public education in environmental earth
sciences forms a major component of the public educa-
tion program for sustainable development carried out in
Guangdong Province, in particular the area of the Pearl
River delta, by the Guangdong Provincial Research Asso-
ciation of Sustainable Development. Senior and interme-
diate leaders of Guangdong Province are presently orga-
nizing an overall plan for sustainable development in the
province. A major component of this plan is an environ-
mental Earth sciences education program to be carried
out by the Guangzhou Institute of Geochemistry of the
Chinese Academy of Sciences. The poster gave examples
of the efficacy of this education program within a highly
stratified socioeconomic society such as China. Empha-
sis is placed on the need to structure education programs
so that they have the greatest impact in terms of both
comprehension (i.e. varying education standards of popu-
lation) and enactment within the Guangdong society as
a whole in order for industrial development to be in har-
mony with nature.
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How to Use Museums in Earth Science
TeachingGeomusa as an Example.
Merethe Froyland, Norwegian Museum Authority,

Ullevlsveien 11, Oslo, NORWAY 0165.

GEOMUSA (GEO=geology, MUSA=museum) is an
educational program in geology made by the author in
cooperation with the Norwegian National Museum of
Mining History, located at the famous silver mines in
Kongsberg. The target group for GEOMUSA is pupils in
elementary school.

GEOMUSA has two components: a Museum part and
a Mine part. In the Museum part GEOMUSA encour-
ages pupils to research and identify the characteristics
of minerals. They learn new techniques for identifying
minerals and about the diversity of minerals. Quartz
may have different colors and calcite different crystal
forms. Pupils work in the mineral exhibition in the
museum; they crush minerals and look at the cleavage
of minerals, and they study different crystal forms and
use the exhibition to gather information. As part of the
instructional package, the Museum part uses the FOSS
unit titled "Earth materials" (Encyclopedia Britannica).

The Mine part in GEOMUSA encourages pupils to
use what they learned in the Earth materials and
GEOMUSA in nature. It demonstrates how people in
earlier times have used this knowledge to find silver in
the Kongsberg area. In other words, we try to combine
geology, cultural history and our daily life in this sec-
ond step of GEOMUSA.

To make a program like GEOMUSA you need a large
collection of minerals. Few schools have such a collec-
tion, but museums do. The goals of the project are to
allow pupils to use the basic knowledge in Earth mate-
rials together with the advanced knowledge in
GEOMUSA, to give the pupils some experience about
what they need to do to identify minerals in nature. In
other words, we want pupils to know that quartz is not
only like the quartz type they experienced in the Earth
materials, but many types with many colors, big and
small, crystal and not crystal, etc., and what is impor-
tant for identifying quartz is that quartz has a hardness
of 7, has glassy luster, non-cleavage and its own crystal
form. Our main goal for the GEOMUSA project is to
help pupils use their geology knowledge on their own
in nature.

GEOMUSA is part of a Ph.D. dissertation. Ten classes
have been using Earth materials and five of them were
selected to attend GEOMUSA. The pupils have done a
pre-test, a second test after Earth materials, and third
test after GEOMUSA. I interviewed the teachers involved

and also planned to do a post-test six months after Earth
materials and GEOMUSA were taught, to find out what
pupils remember from the Earth materials and from
GEOMUSA. The data presented in this session look good
for both Earth materials and GEOMUSA. The teachers
say that the pupils loved it, the tests tell me that the
pupils have learned a lot, and one teacher wrote after
the second test: I would like to express my enthusiasm
by citing one of my most tough and negative pupils...:
"thank you for what you have taught me."

The HologlobeAn Innovative
Approach to Presenting Earth
Science Data.
Barbara L. Summey and Horace G. Mitchell, Scientific
Visualization Studio, NASA GSFC SVS, Building 28,

Room S 121, Greenbelt Road, Greenbelt, MD 200771

USA. Tom Waters, Center for Earth and Planetary

Studies, National Air and Space Museum, Washington,
DC USA.

Overview: The Smithsonian has recently unveiled the
Hologlobe exhibitan innovative 3-D projection sys-
tem for presenting Earth Science data to the general
public. The Hologlobe images were designed to provide
a succinct topical presentation of a number of earth sci-
ence space data sets. There are five main earth image
groups used in the exhibit. The first group shows clouds
and weather from space and their inter-relationship to
atmospheric water vapor. The second group shows the
ocean temperature changes from space and the El Nino
fluctuations in water temperature in the tropical Pa-
cific. The third group shows the Earth's crust after drain-
ing the ocean. The image then shows the position of
the geological plates and their relationship to the loca-
tions of earthquakes and volcanoes. The fourth group
shows the human impact on the Earth as seen in city
lights, gas fires and biomass burning. The last group
shows the Earth's vegetation and the location of deserts
and forests. This last group ties the sequence together.
Life on this planet is a function of the interaction of
atmosphere, the ocean, the land, and now the impact of
man.

The Hologlobe exhibit images and descriptions are
available to educators as an educational resource (httpi
Iwww.si.edulhologlobe). This presentation described the
space data sets in more detail, the image processing
procedures, and the optics for the Hologlobe Exhibit,
and our future plans for the Hologlobe. We are currently
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setting up the Smithsonian Hologlobe for presentation
of near real-time satellite data.

'Apoha the 'O'opuCharacters, Kids,
and Water Quality Education in
Hawai'i.
D.C. Penn, Friends of Apoha, RO. Box 62072, Honolulu,
HI 96839 USA. B. Arakawa, University of Hawai'i, J.
Dewell, State of Hawai'i Department of Health, and R.
Rock, City and County of Honolulu, HI USA.

The role of 'Apoha the `O`opu as a water quality edu-
cator in Hawai'i was created through the joint efforts of
the U.S. Department of Agriculture, U.S. Environmen-
tal Protection Agency, State of Hawai'i Department of
Health (DOH), City & County of Honolulu Department
of Public Works (DPW), and many others. 'Apoha ap-
pears in numerous educational and public service me-
dia aimed at increasing water quality awareness, inter-
est, and involvement, with an emphasis on nonpoint
source water pollution. Related materials include 'Apoha
t-shirts, coloring books, videocassettes, audiocassettes,
and an interactive computer game.

'Apoha is an `o`opu nakea (Awaous stamineus), one
of five kinds of `o`opu that swim in Hawai'i streams, es-
tuaries, and coastal and ocean waters. Four of these
`o`opu are endemicthey live only in Hawai'i. In streams
where they spend most of their adult life, these fish need
clear water, full of oxygen, that flows over natural stre-
ambeds made of boulders, cobbles, and gravel. 'O'opu is
a traditional and customary native Hawai'ian food, but
scientists fear that disruption and destruction of 'o'opu
habitat is lowering some of their populations. In fact,
the 'o'opu alamo`o (Lentipes concolor) was listed by the
U.S. Fish and Wildlife Service in 1991 as a candidate
endangered species.

`O`opu habitat and populations can be disrupted or
destroyed by physical, chemical, and biological changes
in our stream and ocean waters. Humans are the biggest
problem for `o`opuwe change stream channels and
stream flows, put different plants and animals in streams,
and pollute stream and ocean water with soil, chemicals,
and many other kinds of waste. 'Apoha's role as a water
quality educator is to help people recognize, understand,
and respond to environmental and humanmade changes
in stream, ocean, and groundwater quality.

The Oahu County Cooperative Extension Service
(University of Hawai'i) recently developed Water Qual-
ity Classroom Augmentation (CAP) and Public Educa-

tion Programs (PEP) featuring classroom visits and
public appearances by a live, costumed 'Apoha. When
federal funding for these programs expired in Septem-
ber 1996, a group of local educators formed Friends of
'Apoha (a State of Hawai'i domestic non-profit mem-
bership corporation) with a special mission to maintain
'Apoha's presence in Hawai'i's public schools. This ef-
fort is supported by volunteers and complemented by
similar DOH and DPW programs.

The 'Apoha costume generates considerable excite-
ment and interest among school children and public
audiences. However, schoolteachers and public outreach
educators crave additional water quality related learn-
ing materials, activities, and experiences that will focus
energies awakened by initial 'Apoha contacts. Because
they readily demonstrate cumulative effects of interact-
ing earth systems and processes, water quality and par-
ticularly nonpoint source pollution appear to be espe-
cially appropriate topics for integrated earth system sci-
ence education (and its integration with other school
curricula) at all levels.

Public Literacy Outreach: Dr. Art's
Environmental Medicine Show.
Art Sussman, WestEd, 730 Harrison Street, San
Francisco, CA 94107 USA.

Dr. Art's Environmental Medicine Show combines
exciting scientific demonstrations with audience par-
ticipation. Three principles provide a simple yet power-
ful framework for understanding how our planet has
been working for billions of years and how human ac-
tions threaten Earth's operating system. These principles
provide a global perspective on the cycles of matter, flows
of energy and web of life. This simple systems perspec-
tive helps people understand that Earth is a closed sys-
tem for matter, an open system with respect to energy,
and a tightly networked system with respect to life. In
addition to its simplicity, this framework provides an
easy way to understand environmental issues in terms
of their impacts on the cycles of matter, the flows of
energy and the web of life. Global climate change, for
example, is due to alterations in the cycles of matter
that interfere with the planetary flow of energy which
can then impact the web of life in unpredictable ways.

Dr. Art Sussman, the show's developer and performer,
is a scientist who has playfully labored the past 20 years
in developing innovative methods to teach environmen-
tal and scientific concepts in ways that are meaningful,
effective and fun. The Environmental Medicine Show
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has been presented at the Oakland Museum, the Cali-
fornia Academy of Sciences, Sacramento State Univer-
sity, the Marin County Civic Center, the Sacramento
Convention Center, and a variety of other locations.

Deepening the understandings introduced in the
show, Dr. Sussman has created a web site and a booklet
that explain the systems perspective in general and how
it applies to understanding our planet. Like the show,
both of these outreach materials are scientifically accu-
rate, enjoyable and user friendly. They aim for a high
school level of understanding that is also appropriate
for the nonscientific citizen and for teachers of all age
groups.

"Art Sussman's show is wonderfully entertaining and
at the same time conveys essential ecological knowl-
edge that must become an integral part of all educa-
tion." Fritjof Capra, Ph.D., Director, Center for
Ecoliteracy; author, Tao of Physics and The Web of Life.
"Great fun. Art Sussman educates his audience with a
bangliterally and figuratively. His entertaining and
informative presentations communicate clearly to all
ages and backgrounds." Stephen H. Schneider, Ph.D.;
Climatologist with the National Center for Atmospheric
Research; author, Global Warming.

Earth Science Education and Tourism.

Suck Won Choi, Kongju National University, Republic of
Korea. L.A. Bukreeva, Herzen State Pedagogical
University of Russia, St.Petersburg.

One of the main problems that we are facing now is
the appalling lack of interest and information on the
geosciences area carried by all sorts of tourism: school
subjects tourism, tourism as a sport, ecological tour-
ism, leisure tourism, etc. That happens due to the im-
poverishment of the geology curriculum in the school,
university and public information scheme.

Geological fieldwork is at the very heart of the tour-
ism curriculum yet it is under pressure from many sides.
Consideration of safety, cost, availability to all tourists,
access to land, erosion, not to mention ecological van-
dalism, inflicted on exposures are all making it neces-
sary to improve our traditional conception of how field-
work is concretely conducted.

These activities have been successful. It was shown
they lead to a quicker and more efficient learning and
to a higher level of motivation towards geosciences,
besides preserving cultural heritage. This happens due
to group informal interaction linkages between the stu-
dents themselves during fieldwork practice.

Earth Science Museum: An Informal
Education System for the Development
of Public Literacy in Geosciences.
Afia Akhtar and Afroz Akhtar, Geological Survey of
Bangladesh, 153 Pioneer Road, Segunbagicha, Dhaka
1000, Bangladesh Rajuk College, Section 6, Littera
Model Town, Dhaka 1230, BANGLADESH.

At the end of the 20th Century, realization comes all
over the world that for our survival, to acquire proper
geoscientific knowledge and its practical and right ap-
plication to every corner and all levels of society is a
must, as geoscience is involved with our lives and our
societies. The whole world is now suffering from a se-
ries of some serious problems such as environmental
degradation, climatic changes, waste product disposal,
destructive effects from natural hazards, meagerness of
earth resources, shortages of food production and so on
due to overpopulation, as well as our unawareness and
ignorance of the importance of geosciences.

To cope with these situations, adequate attention
should be paid from the very beginning of the 21st Cen-
tury to popularize the geosciences or earth sciences
among the mass population of society. Because it is quite
impossible for a group of geoscientists or people of cor-
porate level only to solve such complicated issues with-
out active cooperation from the public. But the public
will not show any sort of interest to cooperate unless
they some ideas about geosciences and the achievement
of application of geoscientific knowledge.

The topmost priority is to help make the public lit-
erate, emphasizing the importance on geosciences. But,
it is not easy to make the public literate in the field of
geoscience, as it is a costly and field-oriented science to
teach through the formal educational system; especially
in the case of third world countries where population
growth is extremely high in comparison to facilities
available. In these circumstances, the easiest and cheap-
est educational systems have to be found through which
people will get inspiration to learn geosciences and thus
be motivated and conscious about themselves and their
surroundings for the overall benefit of the society.

An Earth science or geoscience museum will be the
best system as an informal educational setting where
people of all ages and of all ages can acquire necessary
knowledge about all aspects of geosciences. For such a
purpose, a museum should have enough collections on
geological findings such as rocks, minerals and their
products for daily uses; fossils from micro to giant di-
nosaur; model and volumetrical picture of geological
structures, showing prospective horizons of fuel min-
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eraloil, gas, coal; sources and purity of water; soil and
soil classification indicating important soil horizons;
attractive and colorful diagram/posters on solar system
and on the planetour Earth; age, origin and struc-
ture of the Earth- lithosphere, hydrosphere, atmosphere,
biosphere and their interaction; origin of life both ani-
mal and plant; major division of geological time scale;
local, regional and global geological map showing the
major geological events; photographs on exploration
activities and destructive effects of natural hazards; chart
diagrams showing the sources of pollution of environ-
mental ecosystems, and so on.

A museum can play an important part in populariz-
ing the geosciences and enhancing social progress. The
full-fledged Earth Science National Museum can also
render helpful information for earth science research
students. Elementary students can consolidate their
ideas about what they are taught in the geosciences
classes by visiting and admiring the geological speci-
mens, photographs, model diagrams, and so on. So, to
build up and to decorate the Earth science museum for
such educational purposes needs wise planning and
management and should have some national policy.

Session Summary IIIB: Public
Information through Museums and
Other Informal Education Entities.
Summary prepared by Dan Jax from notes provided by
discussion leaders Art Sussman, Wei Wen, and Jax.

This session focused on some interesting questions
that arose from the posters and the experiences of par-
ticipants. In the time available it was not possible to an-
swer the questions, but they should form the basis for
new research and international collaboration/sharing.

O How can we motivate and reward scientists for their
outreach? In some cases, how can we get better qual-
ity of outreach from the scientists?

O How is informal education supported? Can we reach
large numbers of people at a reasonable cost to par-
ticipants? Some possible solutions have been tried
by those in attendance at this session. Many feel that
if people pay for an experience, they value it, so ad-
mission fees and memberships are acceptable charges.
Most also support cooperative underwriters and grants
that enable institutions to secure additional displays
and charge lower fees for participation.

O How can we evaluate what people get out of exhib-
its? Participants in informal learning typically came
to the institution for something besides learning.
Program developers should evaluate exhibits in both
the developmental and final phases, soliciting audi-
ence feedback and using it in the process.

O What are the important misconceptions to address?
How do you get people to confront their existing
knowledge and misconceptions? What experiences
do you provide?

Science activities can connect with cultural outreach
and priorities of an institution, thus enhancing geo-
science education in painless but important ways. Shar-
ing of experiences will be valuable. For instance, En-
gland has a week-long science festival, and Australia has
a program of traveling science education performers.
Others among the poster presenters use great creativ-
ity and local interest techniques as well, and their tech-
niques could be emulated by others.
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Leslie Gordon and Chris King, Moderators

Presenters in this session described high-interest activities for engaging K-12 students in learning

about the Earth system. Samples from national (US) programs such as the Maury project, EPIcenter, and

IMAGE were offered as demonstrations of how those projects combine disciplines and focus on interac-

tions in Earth. Examples from Canada, Spain and the UK reinforced the fact that systems thinking is becom-

ing the world model for Earth science education, providing relevant information for non-specialists as a

basis for understanding and decision-making.

Paper Cores.
Brian Poelker, Midwest Central Middle School, 121 N.

Church Street, Green Valley, IL 61546 USA.

1Vventy-four construction paper cores of varying
lengths are hung from the ceiling, evenly spaced
throughout the room in a large rectangle, along with
four site locations (A, B, C, D). Each core is made of
selected colors of construction paper taped together to
represent different rock strata. The cores can be posi-
tioned to show a variety of geological processes includ-
ing tilting, folding, or faulting. Varying thicknesses of
particular strata exhibit erosion. By designating the floor
as sea level, the various heights of the cores display el-
evation differences. A scale of 1cm = 100m is used for
the horizontal scale and 1cm = 10m for the vertical scale.
This permits students to measure both the distance
above sea level and the distance between cores. The sites
can be placed in locations where they are vulnerable to
volcanoes, landslides, earthquakes, subsidence or min-
ing operations, along with a safe site. Rock and fossil
samples are placed on identification tables. The rocks
are placed on the same color construction paper as the
core strata and the fossils are labeled with a number
corresponding to their locations in the cores.

Students are presented with this problem: Your com-
pany has been hired to select the safest geological site
for the building of a suburban development. The devel-
opers have purchased options on four sites. Your team
of three geologists must examine the cores.and make a
detailed report for the developers regarding the suit-
ability of each site and your final recommendation for
the safest site. In addition, your report to the develop-
ers will include: a geological column describing the his-
tory of the entire area, a list of specific geological pro-
cesses that have occurred near each site, a topographic
map of the entire area to scale with site locations, and a
cardboard model on the area built to scale.

A rudimentary knowledge of rocks, fossils, geologi-
cal time, and topographic maps is prerequisite to stu-
dent success in the project. However, much is learned
through actual practice in the lab. The GSA video, The
Earth has a History, , does an excellent job of introduc-
ing students to the Law of Superposition and Law of
Original Horizontality. The video packet includes a stu-
dent activity reconstructing a geological history.

This Dynamic Planet: A Plate Tectonics
Teaching Supplement.
Leslie Gordon and Robert I. Tilling, U.S. Geological
Survey, 345 Middlefield Road, MS 919, Menlo Park, CA

94025 USA.

In 1989 the U.S. Geological Survey (USGS) published
This Dynamic Planet: a World Map of Volcanoes, Earth-
quakes, and Plate Tectonics. The wall map, jointly pub-
lished by the Smithsonian Institution, made its debut
at the 1989 International Geological Congress in Wash-
ington, D.C. A second edition, This Dynamic Planet: a
World Map of Volcanoes, Earthquakes, Impact Craters,
and Plate Tectonics, released in 1994, included artistic
changes in the presentation of the data to increase leg-
ibility of the map, added the locations of impact craters,
and improved the explanatory text. In 1995 a general
interest booklet called This Dynamic Earth: The Story
of Plate Tectonics was released to accompany the map.
The wall map has been exceptionally well received and
widely distributed (nearly 50,000 copies). Since its re-
lease, numerous and continued requests have been re-
ceived from teachers for classroom materials that ex-
pand on the map's explanatory text. The booklet par-
tially filled the need, but additional classroom-specific
activities and exercises are still needed.
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We are now creating a teachers supplement to go
with the existing map and booklet, to assist teachers in
using the map in the classroom, and to teach plate tec-
tonics in grades 5-12. Our aim is to develop a high-qual-
ity and focused assemblage of materials to facilitate the
teaching of a unit on plate tectonics at a middle- to high-
school level. The teaching package will consist of 3 in-
ter-related components: two existing USGS outreach
products on plate tectonics (This Dynamic Planet wall
map and This Dynamic Earth, a general interest book-
let), and the set of new supplementary classroom mate-
rials under development. The trio will be released as a
package and made available to teachers at no (or very
low) cost. The teaching supplement will not be generic
educational materials on plate tectonics, as an abun-
dance of such materials already exists. The project will
focus on the development of materials specifically geared
to the two existing USGS general interest plate tectonic
publications (the map and booklet). It will include ex-
planatory text, classroom activities, references and re-
sources, black-line masters for reproduction, student
maps, and so forth. Much of the writing, compilation,
and review for the supplement will be done by teachers
and scientists working together in a series of workshops.
Classroom teachers and other educators are solicited to
take part in this collaborative project. Travel funds may
be available. We seek teachers willing to commit the
time and energy to create such a publication. All con-
tributors will be credited as authors in the final USGS
publication.

PROJECT IMAGE: Investigating
Materials About Global Environments.
Sharon Stroud, 1706 Russell Circle, Colorado Springs,
CO 80915 USA.

Satellite images have been appearing in precollege
textbooks for quite a few years, basically as pretty pic-
tures. Students did little with images to learn how these
are used in scientific research. The purpose of IMAGE
was to make available at a reasonable cost activities and
images that could be used in the classroom by teachers
to instruct an entire class of students in how images
can be used in doing real scientific research. It is hoped
that once students have become familiar with the types
of information images can help us obtain, they would
use this knowledge in further scientific study.

The activities in the manual address a variety of en-
vironmental issues, each of which is related to an Earth
science concept. Since the activities are designed to be
self-contained, they could be used in other courses such

as ecology, environmental science, and geography. IM-
AGE activities were developed using guidelines from
Benchmarks developed by the American Association for
the Advancement of Science; from the National Research
Council Standards; and Scope, Sequence And Coordi-
nation from the National Science Teachers Association.

Each activity uses at least one image and provides
the student with the background information about the
study topic and the image(s). Students use image inter-
pretation methods and other skills to examine the im-
ages and extract information that will assist in learning
science concept(s) and environmental issue(s) involved.
The general objectives of IMAGE activities are to:

1. enhance curriculum through the study of environ-
mental topics utilizing remote-sensing imagery.

2. illustrate techniques for using images to study sci-
ence concepts and environmental issues.

3. provide students with basic information about re-
mote sensing systems and what types of images they
produce.

Project IMAGE was developed through a grant from
the National Science Foundation. liventy master teach-
ers from across the United States spent two weeks for
three summers at the Center for Astrophysics develop-
ing and refining the seventeen activities that appear in
the manual. The activities were all field tested with stu-
dents in junior high and senior high school.

The student manual is divided into three sections.
The first section is background information on satellite
images in general and an introductory activity with an
image to see what it looks like and to start to realize
what types of information can be learned from it. Activ-
ity One "Using a Satellite Image" is the manual's orien-
tation to the basic methods used in image interpreta-
tion. The manual was designed so that everyone using
activities would do this activity before doing any of the
others. All other activities are based on methods found
in this activity. The second section has eight activities
that deal with natural phenomena such as flooding, hur-
ricanes, and faults. In the third section are eight activi-
ties that address human impact on the environment such
as deforestation, land use, and ozone depletion.

A major use of the satellite images is to see how some
aspect of the environment changes over time. Images
of the same area at different times can help in deter-
mining the human impact on the environment. The
Activity on Amazon Deforestation has two images of the
same area taken 14 years apart, which dramatically show
how much forest area had been cleared away in that
period of time. Images of Phoenix, Arizona, taken 12
years apart clearly show how much growth occurred in
this desert area, which has many environmental rami-
fications. A shorter period of change over time is ad-
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dressed in the activity on phytoplankton. The images
show how much change there is in the amount of this
basic part of the food chain from season to season.

A basic use of images is to identify natural and hu-
man features. This includes such things as airports,
major highways, wetlands, faults, etc. A transparency
grid is employed by the students to determine scale and
area in several of the activities. Students are introduced
to what land use maps are. Land use maps are very im-
portant to city planners and other people in government.
For students who have an opportunity to use comput-
ers in their studies of images related to science, there
are many images on the internet related to current re-
search. Image processing programs allow images to be
color enhanced and manipulated so that more informa-
tion can be determined. This manual serves as an intro-
duction to the power of images in gathering informa-
tion. It is hoped that teachers and students may use
images of their immediate area to further their study of
their local environment.

The author feels that this project is excellent for this
project to be finished now because of the current inter-
disciplinary concept of science and looking at the Earth
as a system. Project IMAGE can be ordered from:
Kendall/Hunt, 4050 Westmark Drive, Dubuque, Iowa
52002. USA.

EPIcenter.

Brenda Turner, Foley Middle School, 201-1 Keystone

Drive, Richmond, KY 40475 USA.

My poster presentation highlighted a program which
I participated in during the summer of 1996. This pro-
gram was called EPIcenter, and concentrated on Earth
Science for teachers in the Midwestern states. The pro-
gram gave teachers a chance, not only to learn about
new strategies of teaching students, but also to try these
strategies for themselves before using them on students.
This was a constructivist summer for me. We, as teach-
ers, were put in the role of the student to see how the
students would react to different situations of learning
new concepts in Earth Science. This experience also gave
us a chance to share ideas with other teachers and gain
from each others' experiences.

We participated in many field trips to help with the
hands-on learning, that is so important for our students.
We were also required to produce a Total Implementa-
tion Plan of how we would use the information gained
from the program in our curriculum once we returned
to our classrooms. This gave us a chance to look at our

existing programs and see how the EPIcenter activities
could be integrated into already an existing curriculum
to enhance it. We were given the opportunity to experi-
ence several ways to get the same concepts across to
the students. We were exposed to ways of using tech-
nology to teach our students. These activities have en-
hanced the Earth Science curriculum in my classroom.

The Maury Project.
Debora Mosher, Frank W. Cox High School, 2019 Fox's

Lair Trail, Norfolk, VA 23518 USA.

The Maury Project was designed as an innovative
program to encourage teachers to employ ocean stud-
ies to simulate learning in the fields of science, math-
ematics, and technology. By using selective physical
principles and processes that control the marine envi-
ronment, teachers will be able to instruct their students
in scientific concepts that often are abstract and diffi-
cult to understand. The method for this learning expe-
rience is in a series of packets that employ hands on
activities ranging from tides, waves, ocean density cur-
rents, coastal upwelling, wind-driven circulation, and
measuring sea level from space. These packets are
teacher guides using physical oceanography to help
understand the ocean and how it operates. The ultimate
goal of the project is to increase learning in the class-
room, help students understand scientific principles by
using concrete activities, and integrate science, math,
and technology.

The Maury Project is sponsored by the American
Meteorological Society and the United States Naval Acad-
emy. These institutions have developed and produced
the teacher's guides and other needed materials. Ocean-
ographers, naval personnel, college professors, educa-
tors, teachers, and meteorologists have .combined ef-
forts to ensure that the concepts are scientifically sound
and that the lab activities are workable, relevant, and
enjoyable. The material is offered free to any teacher or
educator in workshops or conferences, and these edu-
cational guides have been distributed throughout the
United States, England, and Australia. The strengths of
The Maury Project are (1) instruction in oceanographic
topics and issues that are current and up-to-date; (2)
topics that have high student interest, (3) integrating
science with mathematics and current technology (4)
applicable from 5th to 12th grade, depending on the
amount and depth of the material to be used, (5) user
friendly with workable labs that are easily reproducible,
and (6) looking at the world as an "earth system" where
land, air, and ocean forces interact and connect.
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Each packet is divided into four major divisions: in-
troduction, basic understanding, activities, and infor-
mational services. The introduction is a narrative sum-
mary of background information written expressly for
the teacher. For example in the "Tides" packet, the tides
are defined along with a description of forces, tidal com-
ponents, and effects. The second division is basic un-
derstandings where characteristics, factors, roles of dif-
ferent bodies, investigations and applications are ex-
plained. This section is essential for comprehension and
understanding and is presented in a concise, easily di-
gested, and in a logical way. The third division is the
culmination as a lab activity, providing the application
of the idea. This is the connection between words and
doing, between the abstract and concrete. Included with
the activity is a student evaluation. The last division lists
a bibliography for additional information sources.

The Maury Project has been greeted with enthusi-
asm, not only from teachers, but also from students.
These studies are outstanding, because they provide
activities that focus on the earth as an interacting sys-
tem where the ocean must be understood in relation-
ship with the entire earth.

From Earth to Mars and BackA
Classroom Inter level Experience on
Earth and Space Geology Learning.
Francisco Anguita, Facultad de Ciencias GeolOgicas,

Universidad Complutense, 28040 Madrid, SPAIN

An investigation in Planetary Geology carried out
by a University Seminar was used to introduce a
"Biology+Geology" High School class (of 14 to 16 year
olds) to System Theory, Earth Dynamics, Comparative
Planetology, and Problem-solving strategies in Earth and
Space Sciences.

OBJECTIVES AND METHOD

Following the suggestions of the National Science
Education Standards (1996), we have tried:
O to have the pupils learn in research contexts,
O to substitute research activities for (some) lab dem-

onstrations,
O to stimulate pupils to use data for developing an ex-

planation, instead of getting an answer, and
O to promote discussion of hypothesis in the class-

room.
At the same time, and following the ideas contained

in the Earth Systems Education document (Mayer et

al., 1991), we have consistently used a systemic approach
throughout the experience.

THE IDEA

A Seminar on Planetary Sciences has been working
during the last years at the Geology Department,
Universidad Complutense, Madrid, Spain. One of the
topics treated currently was the origin of Chasma
Boreale, a canyon near Mars' northern Pole. For the
group, the Grimsvan August 1996 eruption, which took
place through a fissure under the Icelandic Vatnajokull
glacier was illuminating: perhaps Chasma Boreale was
also tectonically controlled, and a volcanic fissure erup-
tion had melted the glacier, provoking a surge which
carved the canyon. While preparing a paper on these
ideas for a Planetary Sciences journal, we envisaged a
teaching activity which would build on the wave of in-
terest on Martian geology caused by ALH84001 and the
missions then in progress; and of the possibility of pre-
senting a case in which other planetary bodies helped
us to understand ours.

THE EXPERIENCE

This idea was developed from February through
April, 1997. The subjects were pupils of the "Biology-
Geology" class 4th Course of the Maria Zambrano.High
School, at Leganés, near Madrid. Members of the Semi-
nar (majoring in Geology and Physics) were active in
helping the teachers to develop the idea, which con-
sisted of five phases:

1. Introduction to the Solar System. Duration: 7 hours.
As an introductory topic, the Solar System was stud-
ied mainly through the open discussion of questions
raised by the teacher.

2. The Dynamic Earth. Duration: 14 hours. A battery
of methods was used with this ample topic: Slide pre-
sentation and discussion, maps and diagrams analy-
sis, and lab demonstrations (to show how the rocks
behave when subjected to stresses).

3. The Planet Mars. Duration: 6 hours. A part of this
session was filmed and broadcast by a TV station.
This phase began with a lecture on the geology of
Mars. Then followed the analysis by the pupils (in
groups of 4 or 5, and oriented by the undergraduate
students) of a selection of Mars Viking images. After
brainstorming, each group defended its views until
reaching a consensus. It was stressed, nevertheless,
that many questions over Mars were still without an
answer. Only then was introduced the Chasma
Boreale problem. Again each small group
brainstormed over these particular images and pre-
sented to the other its hypotheses; but the members
of the Planetary Sciences Seminar did not gave
theirs.



Session IIIC: Innovative Adivifies for Teaching About Earth Processes

4. The Iceland geology. Duration: 3 hours. The fourth
session was introduced with a slide viewing on Ice-
land geology, where the pupils were encouraged to
show the progress they had made (during the phase
2) about the processes that shape the Earth. After
that, a video on Grimsvan eruption was shown, fol-
lowed by a talk on volcanic risk. Only then was the
Seminar hypothesis over Chasma Boreal e proposed.
It is fair to say that some of the groups reached the
same conclusion independently.

5. The Earth as a planetary body. Duration: 2 hours.
This session took place at the Department of Geol-
ogy, Universidad Complutense. The undergraduate
students hosted this session, in which a selection of
different topographic and geologic maps of the So-
lar System were introduced, stressing the many prob-
lems yet to be answered in each of them. A video on
the Solar System exploration closed the activity.

RESULTS

As we had guessed, the extra motivation of trying to
harness a real scientific problem with outside collabo-
ration provided a momentum which showed clearly in
the marking: a third of the class, which had previous
learning problems, overcame them, in some cases bril-
liantly. From the strictly scientific point of view, the level
and accuracy of the discussions showed a really in-depth
understanding of the machine Earth and her main sub-
systems, while, at the same time, considering our planet
as a subsystem of the solar group. The holistic and sys-
temic views were therefore easily integrated.

The undergraduate students, on their side, gained
an interesting experience for potential teaching careers.
They were also gratified by the recognition of their
knowledge and helpfulness on the side of the pupils. As
for the teachers, we had access to new insights which
improve our capabilities to analyse (and, hopefully, im-
prove) the present Earth Sciences curricula. And, last
but not least, were enriched by our interlevel approach.

THE FUTURE, AND TWO REFLECTIONS

The Seminar on Planetary Sciences is constructing
a web site to be offered to High School teachers and
pupils of Spanish-speaking countries. The teaching ex-
perience described here will be incorporated, along with
the researches being carried out by the Seminar. 1\vo
morals come out from this experience: one, that Sci-
ence and Science Teaching should be as close as pos-
sible. 1\vo, that an important psychological reward is
waiting for the University teachers who are not only avid
to know but also avid to make others (especially young
people) to know.
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Picture This...Using Illustrations of
Ancient and Modern Food Webs in
Teaching.
Dino Pulera, 161 Sharperoft Boulevard, North York,
Ontario, CANADA M3J 1P6. David Rudkin, Department

of Paleobiology, Royal Ontario Museum, 100 Queen's

Park, Toronto, M5S 2C6, CANADA.

Studies in ecology and science education suggest that
visual representations of trophic systems (food webs)
can be powerful tools for conveying fundamental bio-
logical concepts to students at many levels. As part of a
research project aimed at the establishment and docu-
mentation of guidelines for creating illustrated food
webs, comparative examples from the pelagic marine
realm were developed for both a modern and a Meso-
zoic (Late Jurassic) setting. In contrast to conventional
textbook representations, in which organisms are typi-
cally portrayed as iconic outlines with little contextual
information, the new illustrations utilize vibrant color
and dynamic poses to depict organisms accurately and
in more naturalistic settings. Trophic levels and catego-
ries are shown by color-keyed arrows and background
highlights. Additional information on relative size of
organisms (from microscopic phyto- and zooplankton
to the largest marine vertebrates), biological classifica-
tion, and consumer groupings is provided in simplified
accompanying illustrations, allowing individual aspects
of the complex systems to be presented separately. Inte-
gration of data from ancient trophic systems provides a
subtle hook into a complex and formidable subject area,
capitalizing on a universal fascination with fossils, and
leads naturally to discussions of continuity and change
through time. Comparisons between the modern and
ancient systems can be used to point out such phenom-
ena as shifting patterns of dominance among groups of
high-level consumers in pelagic marine ecosystems (rep-
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tiles in the Late Jurassic vs mammals and fish in mod-
ern oceans), which in turn reflect larger ecological is-
sues of extinction and radiation. The illustrations can
also serve to introduce methodologies (and levels of
confidence) in the restoration of individual fossil organ-
isms, in autecological inference, and in reconstruction
of trophic structure, based on limited palaeontological
evidence. The depiction of oceanic ecosystems is a de-
parture from many traditional textbook examples which
feature terrestrial settings, and serves to emphasize the
predominantly marine record of the history of life.

In essence, the use of striking imagery in various
media should allow teachers to more effectively com-
municate a wide range of ecological and palaeoecological
principles and concepts.

Developing Effective Earth Science
Teaching Approaches for Non-Earth
Science Specialists.
Chris King, Department of Education, University of
Kee le, Kee le, Staffs, UNITED KINGDOM ST5 5BG.

The inclusion of a new subject area in a statutory
National Curriculum (namely Earth Science in the Na-
tional Curriculum of England and Wales) has afforded a
unique opportunity to evaluate the impact this has had
on teachers and learners. Nowhere else in the National
Curriculum has a major new content area been given
to educators to teach who have never been taught the
subject material themselves and have been given no
prior teacher education in the new content either. This
has provided the opportunity of evaluating the meth-
ods considered most effective by the teachers concerned,
to support their teaching of this new content area. The
teachers consulted were all teaching the Earth science
component of the National Science curriculum and
ranged from those who were teaching this new alien
material very reluctantly to those who had become con-
verted enthusiasts.

The responses from the 138 questionnaires returned
by these science teachers teaching National Curricu-
lum Earth Science to 11-16 year old pupils indicated
the following.

* The background knowledge in Earth science of the
teachers teaching this material as a result of their
Higher Education is very poor.

Earth science is taught by roughly equal numbers
of biology, chemistry and physics specialists, but is

taught to 14-16 year old pupils by more chemistry
teachers than other subject specialists.

O The teachers say their background knowledge of
Earth science is generally moderate.

O Their confidence in teaching is moderate to fairly
high.

G Their enjoyment is encouragingly fairly high to mod-
erate.

Pupil interest and achievement is reported as mod-
erate, with greater achievement than interest. Practical
work, investigational work and fieldwork content of
courses is very low.

Teachers have found course textbooks for 11-14 year
olds and 14-16 year olds their most helpful support.
They also value the help of science and geography col-
leagues and find popular TV programmes helpful. Spe-
cialist Earth science worksheets have been valuable as
well. However, there is little use of specialist Earth sci-
ence books of any sort and In Service Education and
Training (INSET) has had very little impact. Teachers
overwhelmingly want more help with their teaching of
Earth science.

Thus, whilst most teachers say they are confident,
have a reasonable background knowledge and enjoy
teaching Earth science, their level of knowledge from
their Higher Education, the lack of practical and field
work in their courses, and the fact that they find books
written at pupil level more valuable than more special-
ist texts all indicate a real lack of background under-
standing of the Earth science material. This problem is
likely to be addressed most effectively by providing IN-
SET based on specially prepared Earth science
worksheets.

The Maury Project: An Education
Partnership in Physical Oceanography.
David R. Smith, Oceanography Department, United

States Naval Academy, Annapolis, MD USA. Ira W.
Geer and Donald E. McManus, American

Meteorological Society, Washington, D.C. USA.

Educational partnerships are perhaps some of the
most effective means for enhancing instruction. Orga-
nizations with common goals can combine their re-
sources and talents to promote objectives that are mu-
tually beneficial. This enables each of the partners to
contribute according to their respective strengths to
accomplish their desired goals.

'
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The Maury Project is a unique partnership of the
American Meteorological Society, the United States
Naval Academy, the Naval Meteorology and Oceanogra-
phy Command, the National Environmental Satellite,
Data, and Information Service, and the National Ocean
Service. These groups represent a collection of agen-
cies involved in educational, research and operational
activities of physical oceanography. Their common pur-
pose is to promote the study of the physical founda-
tions of oceanography in precollege schools.

The Maury Project was established in 1994. The pri-
mary activity of the program is a two-week summer
workshop conducted annually at the Naval Academy in
Annapolis, Maryland. In the four workshops held since
1994, 100 teachers representing all 50 states, the Dis-
trict of Columbia, Puerto Rico, as well as the United
Kingdom and Canada, have attended. These teachers
have learned about a variety of topics including: ocean
instruments and data, ocean currents and tides, polar
oceanography, satellite oceanography, and numerous
other items pertaining to the physical processes related
to the world's oceans. In addition to the workshops, sev-
eral educational resource materials have been developed
to assist teachers with teaching and learning about the
physical foundations of oceanography. Each year, two
teachers guides are produced which serve as topics for
peer-training sessions conducted by Maury Project par-
ticipants for their colleagues across the country. Thus
far, approximately 300 peer-training sessions have
brought instruction on physical oceanography to about
6000 teachers nationwide.

This partnership represents a valuable tool for pro-
moting geoscience education. The world's oceans are a
significant component of the Earth system, influenc-
ing the land masses, the atmosphere, and the biosphere.
Knowledge about the physical processes of the oceans
is valuable in and of itself, but also in terms of under-
standing the Earth system as a whole. The Maury Project
provides an educational partnership which enables
teachers to learn about the physical foundations of the
oceans so they, in turn, can spread their knowledge to
their students and colleagues alike.

Why Do Volcanoes Erupt?
Gregory Thomas, Eastern Senior High School, 2707

Adams Mill Road, NW #101, Washington, DC 20009 USA.

What do erupting volcanoes have to do with the lives
of high school students in inner-city Washington, D.C.?
As it turns out, the topic of volcanoes provokes excite-
ment, awe, and fascination in my students. Their natu-

ral curiosity about such a far away earth event reveals
its dramatic proximity to their imaginations. When I
ask, "What do you know about volcanoes?" they enthu-
siastically relate images they have seen, TV shows they
have watched, and stories they have heard. Their en-
thusiasm for the topic is inevitably riddled with ques-
tions: "Why do volcanoes erupt? Is it true that volca-
noes erupt underwater? What would happen if you were
on a volcano when it erupted? In response, I make a
separate list called "What we want to know about volca-
noes." This sets the precedence of inquiry that drives
the constructivist approach I take to teaching about
volcanoes.

The guiding notion of constructivism is that you can
give students information in the form of facts and con-
cepts, but you cannot make it knowledge for them. In-
stead of telling students how volcanoes work, I provide
a curriculum of activities that guides them to construct
meaning out of science concepts and facts through first-
hand experience, experimentation, and analysis.

My poster presentation showed a constructivist ap-
proach to answering the question, "Why do volcanoes
erupt?" First, students in cooperative groups conduct
three different experiments that simulate factors that
contribute to volcanic eruptions. One group examines
the role of gas pressure, using Alka-Seltzer tablets and
film canisters and lids with various size holes. The sec-
ond group looks at the role of viscosity by observing
how gas bubbles behave differently in oil, water and corn
syrup. Another group examines the role of silica by us-
ing paper clips and film canister with holes in the lids
to create "magma chambers." In this experiment, stu-
dents showed that the more paper clip silica chains there
are, the more energy required to shake those chains out
of the film canister "magma chambers."

After each experiment, the students are asked to for-
mulate a hypothesis explaining the role that the con-
cept being explored plays in volcanic eruptions. The
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poster presented examples of these student-generated
hypotheses under the respective experiments. The three
hypotheses lead to a single point. This represents how
the students are asked to integrate their three separate
hypotheses into a single unified hypothesis that attempts
to explain why a volcanoes erupt. The poster showed
examples of several different examples of the students'
unified hypotheses.

The fourth section of the poster depicted the stu-
dents creating model volcanoes to test their different
hypotheses.

-

The Comprehension of Space by the
Study of Tectonic Structures on
Different Observation Scales
Celso Dal Re Carneiro, Geosciences Institute, The State

University of Campinas, Campinas BRAZIL. Alexis Rosa

Nummer, Rio de Janeiro Federal Rural University,
BRAZIL.

The teaching-learning of geologic processes is af-
fected by the problem of the comprehension of space,
mainly on Structural Geology. These difficulties become
clearer when major regional structures are studied in
the field as opposed to maps, representations or lab-
models studied in classroom. This paper described a
series of didactic fieldtrips in a Structural Geology dis-
cipline of the Geology undergraduate course at the
"Universidade Federal Rural do Rio de Janeiro." The field
activities considered previous knowledge of the students
and followed motivating and investigative guidelines.
Students were asked to recognize large-scale folds in a
Precambrian area. The permanent connections of theory
and practice motivated the undergraduates to reach
good cognitive results, excellent spatial learning, and
also recovered enthusiasm of the disinterested ones.

Workshops, discussions, individual tests and
workgroups were used in order to incorporate the stu-
dent previous knowledge, allowing for identification of
different elements: a) relationship among students; b)
personal aims and perspectives; c) expectation on fu-
ture professional jobs; d) previous geology knowledge;
e) evaluation of geometry concepts which help to per-
form a space vision on natural structures; 0 understand-
ing of ways these concepts could help improving the
discipline. The attitude of the teacher should be open-
minded and flexible, taking into account the problems
and individual characteristics of the students. Personal
yield may be analyzed as a function of some specific
ability and deficiency. The doubts should not be imme-

diately answered by the teacher to stimulate a further
development of the students.

Thinking and practicing science mechanism is fun-
damental for students as well as looking for links be-
tween natural processes and features, not as completed
knowledge, but as an investigation. The approach was
not exhausted. The first fieldtrip was not oriented by
the teacher trying to motivate students, but this resulted
in a lot of questions and low productivity, due to bad
control of access conditions and also failing weather
forecasting; the second excursion was initially for train-
ing in basic tools. It became investigative at the end as
the students had already received basic concepts of
Structural Geology. A map plotting the outcrops was
required to stablish some connections among different
observation scales. Students also tried to associate the
observed features and local geomorphology.

The adoption of an inverse order (theory is usually
presented before practical work) did not affect the re-
sults of the field activity. It really pointed out cognitive,
analysis, synthesis and evaluation levels, allowing bal-
anced participation of both students and teacher. The
second fieldwork was better for a theoretical discussion
on the postulates of scientific methodology. The large-
scale fold and related structures were unknown by the
teacher who selected the outcrops. So, he had identi-
fied some diagnostic characteristics of a major regional
fold just before the students. Nevertheless, this concep-
tual jump apported new information which is useful for
a future inductive activity.

Teacher Enhancement in Science
Through Project GUEST: Making It Stick.

Laurel P. Goodell, Department of Geosciences,

Princeton University, Princeton, NJ, 08544

Project QUEST at Princeton University is one of the
largest and most established institutes for K-8 teacher
enhancement in science and technology. QUEST is ad-
ministered by Princeton University's Teacher Prepara-
tion Program, but privately funded. Participants receive
a stipend and are provided with materials as "seeds" for
their own classroom use. QUEST faculty is drawn from
the University's teaching and research staff, assisted by
lead teachers (themselves QUEST alumni) and under-
graduates in training to be teachers. The University do-
nates facilities, including laboratory space, classrooms,
and the use of a wide variety of scientific equipment.

The core of QUEST is a 3-week summer program
during which teachers are immersed in hands-on sci-
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ence at an unintimidating but adult level. In the geol-
ogy option they explore minerals and rocks, building
stones on campus, the local geology, local streams, geo-
logic and topographic maps, and fossil collecting. They
work on problems related to the data collected and com-
plete their 3-summer program by investigating and pre-
senting an individual research project. A full evaluation
agenda includes daily comment cards from participants,
daily debriefing sessions by instructors to review feed-
back, and pre- and post-program surveys. Teachers leave
QUEST motivated by increased science confidence and
knowledge.

The key to QUEST's success is in cultivating enthu-
siastic and effective science teaching. To keep the
"sparks" created by the summer program burning long
after the summer is over, teachers actively participate
in a wide variety of follow activities. Most of these focus
on supporting teachers in classroom applications: sub-
groups of QUEST participants meet to prepare a book-
let of QUEST-related classroom activities; University
faculty lead workshops during the school year to present
supplementary topics and activities; there are opportu-
nities to become lead teachers in subsequent QUEST
sessions; formal study groups and informal support
groups meet, often convened by lead teachers; the
"BRIDGES" program connects teachers with Princeton
undergraduates in science courses, who teach classroom
science lessons in lieu of a term paper or other course
requirement. Perhaps the most popular and successful
follow-up activity is the spring sharing session, during
which QUEST participants present a QUEST-inspired
classroom activities to their fellow alumni. Teachers also
obtain help from QUEST personnel on an ongoing in-
formal basis, and are encouraged to return to QUEST
for a second summer in a different subject area. The
success of this multi-year, ongoing program is best tes-
tified to by those teachers, now science leaders in their
schools, who got their start in Project QUEST.

Session Coordinator Summary:
Innovative Activities for Teaching
about Earth Processes.
Prepared by Rosanne W. Fortner from notes provided

by discussion leaders: Fortner, Leslie Gordon and Chris
King

For discussion groups this session was divided gen-
erally by the science content: those activities dealing
primarily with geology, activities related to space, and
programs that dealt with geological and oceanographic

systems. The discussion leaders were developers of ac-
tivities or coordinators of programs, thus they could
address both the proponents' perspectives and those of
the users.

Regardless of the subject matter of innovative ac-
tivities, the best ones are seen to be those that are hands-
on, adaptable to a range of classroom settings and/or
grade levels, and engaging to students in their visual or
tactile components. Many of the activities may involve
other curricular areas, such as mathematics applications
and writing as well as science. A good activity was de-
scribed as one that allows learners to apply their exist-
ing knowledge as a framework for the assimilation of
new information.

It may also be important in some settings to inte-
grate information from textbooks or other information
sources to give a complete picture of how the activity
itself fits into a body of knowledge. It would not be ap-
propriate to conduct a high-interest activity for the sake
of the activity alone.

As for innovative programs, participants see a posi-
tive trend toward partnerships between government
agencies and teacher education institutions, and involve-
ment of professional societies in producing and foster-
ing public information about such programs. The need
for such innovative programs is seen as a great one. Many
teachers are candidates for additional background in the
geosciences, either because they were not originally
trained in these areas, or they need updates on either
the science or teaching techniques. Inservice programs
are very helpful for meeting these needs, and can serve
the K-12 teaching population in more subtle ways as
well. The best inservice programs treat teachers as col-
leagues rather than students, and establish mutual goals
for presenters and participants. Teachers can begin to
see their workshop presenters as lifelong learners them-
selves and stakeholders in quality education.

Both the developers and the recipients of such pro-
grams were among the discussants for this conference
theme, and they offered some general guidelines for such
programs:

Integration of subject matter into a systems approach
is difficult, and many examples are needed so that
teachers can get into the systems-thinking habit.
College teachers should be involved as well as K-12
teachers, because "we teach as we have been taught,"
and lecture-based disciplinary instruction is the
norm in most of higher education.
Some college teachers consider themselves prima-
rily researchers, and have little interest in teaching.
Preservice and inservice courses should not involve
those professors who are not exemplars of modern
integrative, hands-on approaches.
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Innovative programs should link with preservice
(teacher preparation) programs, not just inservice
for existing teachers. The new generation of teach-
ers will bring their enthusiasm into the new ap-
proaches and into their early teaching opportuni-
ties, perhaps becoming the best ambassadors of such
programs. First-year teachers easily get over-
whelmed, and additional support can be extremely
critical.

There should be more interface between educators
and geoscientists. Discussants suggested that a po-
sition paper be developed from the educators to those
scientists, inviting collaboration through a variety
of opportunities.

All new curriculum materials and programs should
be field tested before publication and implementation.

Follow-up is needed after inservice programs, so their
impact will not end when the workshop is over. Sug-
gested forms of follow-up include networking, re-
unions at conferences, electronic mail, continued
seminars and other learning opportunities.

Whenever possible, stipends for teacher participa-
tion should be offered for workshops during non-
work hours (weekends, summer, etc).

Grade levels within a workshop are always a ques-
tion for program providers, and decisions about this
question should be based on workshop goals. While
many programs are grade-level specific, there are
advantages to mixing grade levels for learning about
each other's work, articulating subject matter, and
sharing experiences between new and seasoned
teachers.
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Awards for Lifetime Service fo Geoscience Education

Introductory remarks by Nir Orion: On Monday evening, in the enlightened pre-

sentation given by Kepa Maly, we learned that the local term for elder is a "spring of

water." Today we gather here to pay our respects and to express our gratitudes to four

"springs of water." These are the founders of our growing community who have held

high the light of science education in their countries for many years, some of them al-

most alone. Unfortunately, two of them, Professor Yolanda Gonzales from Venezuela

and Professor Emmanuel Mazor from Israel, couldn't come to this conference, although they really wanted

to. On behalf of all the participants here, we send our best wishes to them.

We have asked a student or a colleague of each awardee to describe the reasons for the organizing

committee decision of honoring them with a lifetime service award.

Yolanda Alba de Gonzales:

Introduced by Judith Riestra

Riestra

Yolanda got her degree in 1957 as Teacher of Biol-
ogy and Chemistry from the Pedagogical Institute of
Caracas. From the beginning of her professional activ-
ity she taught Mineralogy and Geology, a subject in the
last year of Secondary School. She taught in the most
important Secondary Schools in Caracas and later on
she started to teach at the Pedagogical Institute of
Caracas (IPC). From this new position she had the ini-
tiative to modernize the teaching of Geology and these
actions ended in a Commission to create the career of
Earth Science in 1971. She was the head of this.Com-
mission. Parallel to the work in this Commission-she

participated in a team with the aim to develop the Earth
Science curriculum for secondary schools that was
implemented in 1972.

The beginning of the Earth Science Department at
the Pedagogical Institute of Caracas in 1972 was a very
important event for the development of ES in Venezu-
ela. This Department had an initial financial support
from OEA (American States Organization) and Dr. Vic-
tor Mayer from The Ohio State University was the con-
sultant. Yolanda was part of the teacher team in this
department from 1972 until 1975 when CENAMEC
called her to organize the ES Area. There she founded
and consolidated a team that addressed its efforts to at-
tend the needs of Teachers with the Earth Science cur-
riculum that was implemented nationally in 1972 in sub-
stitution of the Mineralogy and Geology subject. This
team with Yolanda at its head, developed workshops for
teachers with an interdisciplinary and environmental
approach in which the contents of ES were organized
around an environmental problem; the workshops also
had field and laboratory activities. These workshops were
given to teachers all over the country during three years.
Later on, Yolanda developed instructional materials for
students where the basis of the instructional designs
were made by secondary school teachers trained for this
purpose. Among the materials were environmental situ-
ations like the Use of Soil for Agriculture, Mining and
Urbanization. The first of these materials was approved
by the Ministry of Education to be used in five states
instead of the national curriculum. She was in charge
of the Earth Science's group at CENAMEC from 1975
until 1983 when she was elected to be the Head of Earth
Science Department at the Pedagogical Institute of
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Caracas. There, she had the opportunity to consolidate
two lines of action: 1) establish a strong inter institu-
tional relationship with the Ministry of Environment
and 2) reorganize the curriculum for teacher training
for secondary school and for basic school. She retired
in 1988 but continued working for the Earth Sciences
being an assessor of the Earth Science Area at
CENAMEC. She worked in a project aimed to produce
instructional materials for students and teachers of ES
at grade 7 and also materials to introduce the computer
as a tool for ES teaching. In 1989 she helped with the
design of a temporary curriculum for ES in secondary
school. Later on in 1991 she participated in the team
responsible for the new ES curriculum with an inte-
grated, systemic and environmental approach that has
been implemented in 30 schools all over the country
and the next year will be extended as a national curricu-
lum. Lately she developed audiovisual and computer
materials for secondary schools, although she is not
working at CENAMC at the moment. Her responsibility
towards education and teacher's development have al-
ways been the objective of her professional activities.
Personally, Yolanda is a very sensitive and human per-
son with a high dedication to the development of Earth
Science. Her defense of integrated science teaching and
earth sciences with an integrated and environmental
focus have been a permanent feature of her work.

Since Yolanda couldn't come to Hawai'i because of
health problems, on her behalf I want to say to the Or-
ganizing Committe: Thank you very much for this
award.

Remarks contributed by

Yolanda Alba de Gonzales,

Profesora Emeritus, Universidad Pedagogica

Experimental libertador, Instituto Pedagogico

de Caracas, Caracas, Venezuela

I would like to thank the Co-Conveners and Arrange-
ments Committee of the Second International Confer-
ence of Geoscience Education for the high honor be-
stowed on me in the name of the International Com-
munity of Earth Science Educators. I wish to specially
thank my ex-student, Profesora Judith Riestra of
Coordinacibn de Ciencias de la Tierra "of the" Centro
Nacional para el Mejoramiento de la Enserianza de las
Ciencias de Venezuela (CENAMEC)," for nominating me
and the diligent manner in which she answered the re-

quest for documentation. And my husband Gonzalo, who
gave all his support in gathering the documentation. I
would especially like to thank Dr. Nir Orion, whom my
colleagues Judith Riestra and Manuel Martinez informed
me, offered heart felt words to those of us who could
not attend the award ceremony. I specially thank my
fellow countrymen; Professora Judith Riestra and Dr.
Manuel Martinez from Universidad Central de Venezu-
ela, who came to my home following the conference to
personally deliver the Plaque and Program.

It was very disappointing to me not to be able to
attend the conference, especially since its theme is my
passion, and also because it was a happy coincidence to
be able to receive this award at the same time as Dr.
Victor Mayer with whom I have had the honor of work-
ing with over 25 years ago in the project which resulted
in the creation of the Earth Science Specialty at the
Pedagogical Institute in Caracas.

I have now recovered from the health problems
which prevented me from participating in the confer-
ence. I wish to let you know the ideas that I would have
loved to express on such a special evening.

This 40 year education effort service to my country
could not have been possible without the support of my
family. Thus, I consider that my husband and my chil-
dren, are also deserving of this award. The award which
was bestowed to my person is also a recognition to the
excellent training I received during the growing up pro-
cess: from the family cell, to Elementary School and
High School to the Chemistry and Biology Department
of the National Pedagogical Institute. This would have
not been possible without the contribution of the expe-
rience gathered working with Dr. Mayer, who was our
Advisor on the creation of the Sciences of the Earth spe-
cialty at the Pedagogical Institute of Caracas and the
learning obtained in 1972 as a participating member of
the Environmental Sciences Summer Institute of the
Ohio State University which he directed. Nor would its
establishment have been possible if those who have
come after me in the responsibilities of today's Sci-
ences of the Earth Department of the Pedagogical of
Caracas, a cell from the Libertador Experimental Peda-
gogical University and the Earth Sciences Coordina-
tion of CENAMEC have continued our work. It is a
source of great pride that at this conference Profesora
Judith Riestra is participating as one of the two gradu-
ates in this Specialty showing the high quality of our
graduates.

When we began this process, we only knew that we
had a mission to fulfill. Many changes have happened
along the road and today it seems far away the reality of
when we began this process. But, we have adapted to
the changes and assumed the challenges.

6 6
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The original project sponsored by the Organization
of American States, in which three departments of the
Pedagogical Institute of Caracas participated: Biology
and Chemistry, Geography and History, and Physics and
Mathematics, which satisfied a need established at In-
ternational meetings by the Geology School of the
Universidad Central de Venezuela, due to the deficiency
in the preparation of those who during the 1960's had
the responsibility of administering the courses in Min-
eralogy and Geology in High School Education.

It was logical, that such deficiencies exist since the
National Pedagogical Institute, the only center in which
teachers were prepared at that time, did not graduate
professors in this specialty. Only in Biology and Chem-
istry is where we were legally allowed to administer the
subject of Mineralogy and Geology which was one of
the subjects taught in the 5th year of Physics and Math-
ematics and later on during the Sciences Second Diver-
sified year. This course had a high concentration on
Crystallography and Chemical Mineralogy. Professors
in the specialty of Geography and History, who also had
studies of Geology, taught all the courses of Geography
which formed part of the High School (Secondary) Edu-
cation Curriculum. However, of all graduated in the
specialty of Biology and Chemistry, we were few with
inclinations towards teaching Mineralogy and Geology
and the rest of the courses were in the hands of very
diverse professionals: Geologists, Technical Geologists,
Technical Chemists, etc. Geologists from Universidad
Central de Venezuela criticized the excess emphasis
given to Crystallography and Chemical Mineralogy, due
to the fact that more modern methods of analysis had
already been developed such as X-ray spectrometric and
atomic absorption, which had shifted the importance
of the fields of Mineralogy as methods to identify differ-
ent Minerals. These courses included lectures, activi-
ties, and lab practices and at least one field trip per year,
this last one is basically focused towards Petrology and
Historic Geology, and with a little emphasis on Geo-
morphology, which had a very high concentration in
Physical Geography courses.

During the 1960's, a series of curricula were devel-
oped for the learning of this Science, centered in the
Science Processes, BSCS, PSSC, Chemical Studies and
ESCP, to teach Biology, Chemistry, Physics and Earth
Sciences.

This last one was fed from the evaluation of the prior
ones, of whose experience it enriched itself and was the
only interdisciplinary character, for those who at that
time were working on a level of Preparing Teachers in
the Biology and Chemistry Department of the Pedagogi-
cal Institute of Caracas trying to incorporate its phi-
losophy, its focus and some Practical activities to the
Geology I and II courses.

Proposals for the curricular design suggested by Dr.
Mayer after 9 weeks of work in which he was in touch
with institutions and professionals in relation to the
Teaching of Geology in our country, represented a true
revolution in the teachers formation. We broke with the
Pedagogical Departmental structure, which corre-
sponded to the Formation of a Teacher with a high Spe-
cialization Grade, as it was from its beginnings in 1936
and still continues, even though curricular changes have
happened and towards new recommendations in rela-
tion to teaching practices.

The Curricular Sub-commission that I was later to
coordinate, had to go through a long adjustment pro-
cess of proposals to conciliate both things, and the re-
sult was the Curricular Design of the Specialty with In-
terdepartmental Character.

This design did not fully satisfy us, we had to sacri-
fice very important aspect as was the conception of
Teaching Practices and the design of some courses in-
tegrated as were the Physical Sciences. However, the
ideas reacted with the Teaching Practices were taken
into consideration later on, as from 1980, on which date
the so called N 12 Resolution was Published which es-
tablished a new Teacher's Profile in accordance with the
Education Law and were not tied to the Earth Sciences
specialty but adopted for all specialties.

In the middle 1970's, an institution sponsored by
CONICIT and the Ministry of Education, the National
Center for the Improvement of Science teachers
CENAMECCreated with an Advisory character to the
Ministry of Education, played an important role in set-
ting up Sciences of the Earth Teaching innovations. The
Sciences of the Earth Coordination, begins its projects
to include the environmental focus and study of cases,
inspired on learning obtained during my involvement
with the Summer Institute of the Ohio State University
in 1972. At the same time teachers of the three depart-
ments which participated in the project, began their
Masters Programs in accordance with Dr. Mayer's rec-
ommendations, they were incorporated as members of
the Staff to the so called Sciences of the Earth Section.
Difficulties in the Administration of some Courses drove
to changes in focusing of the same and separated each
time more the Curricular Design from the Initially Pro-
posed Specialty. Teachers and Students of the Specialty
did not feel comfortable and were unsure as they were
not a part of a Specific Department, and began a move-
ment which resulted in the creation of a Sciences of the
Earth Department, and the same became one more
within the anachronic structure of the Pedagogical In-
stitute. The Curricular reforms that began as from 1980,
to satisfy the requirement of N 12 Resolution, more in
accordance with the need to form a Teacher for the ba-
sic level, and seemed more like the initial proposal for
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Sciences of the Earth, but when putting together the
traditional disciplines in an area, now called Natural
Sciences the specialty of Earth Sciences became a Cur-
ricular Mention to Natural Sciences.

Finally, the creation of a Pedagogical University,
grouping all the Pedagogical Institutes in the Country,
implied a process of Curricular homologation. As the
specialty only is taught up to now in the Pedagogico de
Caracas, there was no possibility of homologation but
at the basic courses level.

In Summary, each change in the formation of
Teacher's Curricula has represented a threat to disap-
pearing of the specialty and as a consequence the Sci-
ences of the Earth Department. On the other hand, the
CENAMEC also lost its character as Advisor to the Min-
istry of Education, which allowed the same to propose
innovations after the same had been validated to be-
come an on hands executor department of Government
Policies, in this manner losing, in my opinion, the free-
dom to propose improvements without being tied to
policies influenced by government changes and subject
to the swing of these changes or to engagements ac-
quired with multinational organizations. Furthermore,
we must agree that similar institutions which were cre-
ated in other countries, have disappeared and the
CENAMEC still lives, even though its functions are quite
different to those for which they were created.

The Ministry of Education has not worked well as a
system in such a manner that the creation of the Spe-
cialty did not bring the necessary adjustments for the
graduates which come into the work market and will
let them feel their impact to the system.

Thus, in my opinion, the most effective manner is
to incorporate this innovation, and it is not at least up
to now, a continuous curricular design as the one which
has been developed in the US or in Israel, but in a cer-
tain manner subversive media, that of the insertion of
the innovation via manufacturing materials and the at-
tention to the Teacher in Service.

Nearing the Third Millennium, sets out a great chal-
lenge, which we must assume and will only be possible,
in my opinion, with a great inter-institutional effort.
For example: In our country it would be necessary to
join efforts with Universities, CENAMEC, Ministry of
Education, CONICIT, Centers of Digital Processing of
Images etc, to bring about the direction in which Edu-
cation must go. For now my contribution has been to
sensitize the rectorship staff of the Experimental
Libertador Pedagogical University, Personnel in the Sci-
ences of the Earth Department of the Pedagogical of
Caracas and Board of Directors of the CID Foundation,
of La Victoria showing this work and setting challenges.
Prof. Judith Riestra's participation has been very im-
portant to the CENAMEC as well as Dr. Manuel Martinez
of the Sciences of the Earth Institute in this Confer-
ence, as these Institutions have a very important part
to play and a great responsibility within this transfor-
mation process. Only with everyone participating can
changes be made which leaves us with the development
of information technologies.

On the contrary, we will only continue to exist as a
few dreamers crashing before a society that lives with
its back to the future.

1 G
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Vidor 1 Mayer: Infrodudion by Dan lax

I was very honored to be asked to say a few things
about Vic Mayer and why he has been selected for such
a prestigious award. It would be quite easy to list all of
the projects headed, awards received, offices held, stu-
dents taught, science activities written, and number of
international people influenced over the course of Vic's
professional life. It would not do him justice, however.
Instead, in the spirit of Earth Systems's Education,
which was founded in a large part by Vic, I would like to
give a more relevant and holistic view of why Vic de-
serves this award.

The story takes place through the eyes of a young
graduate student beginning his studies in science edu-
cation at Ohio State. Upon his arrival, Vic immediately
put him to work helping to develop science activities to
be used in middle school classrooms. Vic nurtured and
guided this young man through his first steps as an earth
science teacher. Once this new teacher left Ohio State
and set out on his own, Vic did not forget him, but en-
couraged him to keep returning to do coursework and
to be involved in a variety of projects, including the con-
ference where the philosophy behind Earth systems
education was first devised.

This young teacher continued to be involved with
Earth systems because Vic offered the opportunity. Even-
tually, the professional life of this young teacher was
profoundly changed by a return to Ohio State to pursue
coursework and research that would lead to becoming
a change agent in science education at the local and
national levels.

I am proud to be that teacher. I am here at this con-
ference because of Vic. I would not have anything of
value to offer to other teachers if it was not for the op-
portunities offered to me by Vic and the guidance he
has given me over the last several years.

Yet, none of this is why I think he deserves this award.
He deserves this award because there are so many other
teachers and university educators aound the world who
have been similaraly guided and influenced by him. Vic
is a voice for science education reform that is heard on
national and international levels. His influence is felt
through his students and students of his students and
will continue well into the future. Few people have had

more of an effect on science education reform, particu-
larly in the geosciences. I am very fortunate to have Vic
as my mentor and my friend.

Science for All: an Earth System View
Victor J. Mayer, Professor Emeritus, The Ohio State
University, Columbus, OH 43210 USA

We have just ended a long period of conflict between
nations, the Cold War. Science and science education
played a central role in waging that war and those hot
wars that preceded it. We are hopefully now in a time
when science education has the opportunity of leading
science into a new era where it can provide the knowl-
edge to counter the devastating environmental prob-
lems that have been a by product of a century of war,
and the social problems resulting from the unfettered
use of technology for political and economic gain. To
do this, science educators must re-examine the very na-
ture of science and its role in social, cultural and politi-
cal systems. It is my belief that such a re-examination
will result in a fundamental change in science educa-
tion, a change founded on the view that science is, after
all, a study of the Earth System in which we all live; not
the pursuit of ever more technology. We have begun
such an examination.

Earth Systems Education (ESE) provides a rationale
for an international pre-college science curriculum and
a global definition of science literacy. It does this by using
the Earth System as the organizing theme for the de-
velopment of integrated science curricula at the elemen-
tary through high school levels. Children of all nations
experience weather, flowing streams, rock materials as
parts of their environment. They observe the beauty of
sunsets, the power of storms, the tranquility of a moun-
tain scene, a flowing river, or an autumn day. A science
curriculum organized around the student's natural en-
vironment provides a common subject for study in all
cultures. The science methodology provides school chil-
dren with a universal method of communication and
problem solving. Thus using the Earth System as the
organizational focus can provide science with a crucial
role among other curricular subjects in helping students
achieve a global understanding and perspective.
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This approach to science curriculum is based on ef-
forts in both the science and the science education com-
munities. The science community through a report de-
veloped by the Earth System Science Committee, rep-
resenting several United States science agencies and
universities, provided a unified conceptual structure of
the Earth as a system of interacting subsystems. The
science education community, on the other hand, em-
phasized the need to modernize and integrate the sci-
ence curriculum and the approaches used to teach sci-
ence through reports from Project 2061 of the Ameri-
can Association for the Advancement of Science and the
National Research Councils' committee on establish-
ing National Science Standards. The business commu-
nity, represented by the Secretary's (of the Department
of Labor) Commission on Achieving Necessary Skills
(SCANS), is also drawn upon for support of these
changes through its workplace needs as expressed in
the SCANS report. This report emphasizes industry's
need for workers who are able to think creatively, solve
problems from a systems perspective, work cooperatively
rather than competitively, and use technology effectively.

Out of these combined efforts evolved the rationale
and justification for ESE. In ESE, teachers develop cur-
ricula using an "Earth Systems Framework" of seven
understandings and the view that science is really a study
of Earth and its environs. Basic physical, chemical and
biological concepts can therefore be learned in a mean-
ingful context, the student's habitat. Also basic to this
effort is the use of modern science data gathering and
representational systems, including on line and CD-ROM
data bases, images, and other sources of real science
data about our planet. Students confront questions and

i)

Awardees Victor J. Mayer and David Thompson

problems in groups and share their information with
other students. Teachers assess student performance
through a variety of authentic assessment techniques.

Elementary school programs have been developed
and implemented in Alaska, Colorado and Florida;
middle school programs in three districts in central Ohio
and in Oregon; and high school programs in Colorado,
Ohio and New York. Some 200 teachers from all parts
of the United States have been involved in the Program
for Leadership in Earth Systems Education funded by
the National Science Foundation. They have made pre-
sentations about ESE to well over 10,000 teachers
throughout the country. A resource guide has been pre-
pared which provides these and other teachers with as-
sistance in developing their own Earth Systems Educa-
tion integrated science curricula.

From this basis of practice in the United States, im-
plications can be drawn for the role of Earth Systems
Education in providing a basis for the development of a
truly global or international definition of science lit-
eracy. This admittedly philosophical approach to inter-
national science literacy is the result of over 40 years of
practice in earth science education at middle school
through graduate university teaching and scholarship.
I am very appreciative of support from many national
and international sources including most recently, the
Hyogo University of Teacher Education located in
Yashiro, Japan and the support of my good friend at the
university, Akira Tokuyama. I just returned from eight
months at the university where I was able of synthesize
many ideas that had evolved over the years of my pro-
fessional involvement in earth science education. This
experience convinced me that education, especially sci-
ence education, can have a crucial role in developing a
world citizenry that will support world peace and sus-
tainable development of its resources to the benefit of
all of our people. To do this, however, a global science
literacy program must focus on the subject of all sci-
ence, our Earth system and its environment in space.

REFERENCES:

Victor J. Mayer,(1995). Using the Earth System for
Integrating the Science Curriculum. Science Education,
79:4:375-292.

Victor J. Mayer, (1997). Global Science Literacy: A
Guest Editorial. Journal of Research in Science Teach-
ing, 34:2:101-105.
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Emmanuel Mazor: Introduction by Yael Kali

Professor Mazor belongs to a very rare species of sci-
entist. Those who perceive science education as an in-
tegral and important part of their scientific work. From
his first steps in the earth sciences academic field, he
has invested a lot of time and energy in the populariza-
tion of earth sciences. Among his many initiatives we
would like to mention a few:

the development of the earth science section of the
Open University of Israel;

writing of many popular books about geology and
hydrology;

preparing and broadcasting in many TV and radio
series in Israel;

initiation and practical involvement in developing a
national geologic park in a unique part of Israel called
Mactesh Ramon; and most of all, with his scientific
reputation and pioneering charismatic personality,
he succeeded to crack the educational establishment
with his educational hammer.
These accomplishments enabled his successor, Dr.

Nir Orion, to include the geosciences into the educa-
tional system from K-12, filling these joints with cur-
ricular substance and most important to expand the
joints and allow young earth science educators to flow
in. Finally I would like to add that it's a great honor for
me to represent Professor Mazor who was my advisor in
my M.Sc. Thesis."

Professor Mazor prepared a short paper on his edu-
cational philosophy for the Conference Proceedings.

Kali

Scientific thinking in the study of nature:

observationsconclusionstheory
verification

Emanuel Mazor, The F. W. Considine Professorial Chair

in Hydrological Research, Department of Environmental
Sciences and Energy Research, The Weizmann Institute

of Science, Rehovot 76100, Israel

INTRODUCTION

Scientific theories encompass a vast array of topics
and reach high levels of sophistication. The scientists
discuss science with highly specialized terms of phys-
ics, chemistry, mathematics, biology or social behav-
iors. How can the scientific knowledge be transferred
to youngsters in elementary or high school? The best
we can do is to equip the students with the basic tools
of scientific thinking. In the study of nature there is a
well established sequence of research steps that can be
summarized as observations that lead to conclusions
that are woven into working hypotheses. The working
hypothesis is a theory that explains, or puts together, a
large number of observations in the simplest mode. A
working hypothesis is sound if it can be used to make
predictions that can be checked, or in other words: a
working hypothesis has to include criteria to check it
via new observations. The outcome of the checks can
be a verification of the theory or, in the case of contra-
dicting observations it may call for modification and
rephrasing of the working hypothesis.

Unfortunately, science is often taught by presenta-
tion of theories without the observations on which they
are based. This mode of teaching has several drawbacks:
the lectures sound boring and detached from reality,
the listeners are left passive and in a way may feel help-
less"how can I ever understand it all?" In contrast,
students find interest in the process of observing, rais-
ing questions that lead to conclusions, participating in
the formulation of related working hypothesis and dis-
cussing possible criteria to further check each theory.
Lessons of this nature will develop a sense of familiarity
to science, curiosity and alertness.

In the process of preparing lessons that will incor-
porate basic observations it often turns out that we do
not know, or do not remember, ourselves on what are
even most common theories based. For example, how
many adults can cite on which observation is based the
notion that the earth is not flat? How can we prove that
there were Ice Ages and that glaciers once covered large
parts of Europe or America? We take biologic evolution
as self evidenton what type of observations is it based?
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We tell our kids that the sun is hugeis it? Preparing
lessons based on observations is a thorough self-edu-
cating experience that deepens our own understanding
of science. It is best if we can come up with observa-
tions that the students themselves can conduct, but in
other cases we can report observations made by scien-
tists and apply them as ingredients of the methodology
of scientific thinking. The following sections deal with
a number of examples, taken from the geosciences.

BASIC OBSERVATIONS THAT INDICATE HOW MOUNTAINS ARE
FORMED

Peasants brought one day a sack full of rock pieces
with the shape of marine shells to Leonardo Da Vinci,
who right away recognized these were not merely, games
of nature', as was believed in his time. He went to the
place in the mountains where the fossil were found.
Leonardo recorded his observations and conclusions
that were: (a) these were accurate casts of a specific type
of marine animals, leading to the conclusion that the
host rocks were once formed in the sea, (b) he put aside
the possible explanation that these may be remainders
of the Biblical deluge, as he observed that in that loca-
tion there were three beds of the fossils separated by
other rocks, i.e. one dealt with a more common pro-
cess, c) he concluded that the marine rock beds were
lifted when the mountains were formed.

Let us take the class to an outcrop of marine fossils
(we will observe them, but leave all in place for future
scientists and visitors). Give some time for individual
observations, discuss the findings, leading to the con-
clusion that these are marine fossils. Then present the
question: "Now this location is inland on the conti-
nentwhat happened since the fossils were living in
the sea?" Most probably several students will make a
movement of raising their arms saying the land was lifted
and raised above the sea and the latter retreateda far
reaching conclusion based on a 10 minute observation
(though at the right and well prepared point!). This con-
clusion is plausible, but how can it be checked, what
other observations can shed light on it? At this point of
the discussion the teacher can report observations made
by ocean researchersmaterial that accumulates on the
ocean floor along with animal remains gets lithified,
i.e. turned into rocks. The nature of the accumulating
material changes occasionally (as a result of changes in
the neighboring continents), resulting in the accumu-
lation of a sequence of different rock layers. Now we
can discuss what is the likely orientation of newly formed
marine rock layers, the answer being flat and horizon-
tal, as the sea floor is by and large flat at the scale of
tens-of-kilometers. Now we are equipped to make the
next field observationare the rock beds horizontal at
our mountainous location? Soon the eyes of the stu-
dents will spot the bedded structure of the rocks and

they will notice that the beds are tiltedas may be ex-
pected for lifted rock masses.

Bow DO WE KNOW THAT GLACIERS COVERED LARGE POR-
TIONS OF THE EARTH?

Charles Darwin recorded that at the entrance to their
village in England there was a huge boulder of a rock
type unknown in the neighborhood, an observation that
riddled him since he was a young boy. During his explo-
ration of the Andes he observed that (a) glaciers con-
tain rock pieces that are embedded at the base of the ice
mass, (b) such rock fragments are seen in moraines left
behind by melting and receding glaciers, (c) the glacial
debris is composed of what looks like erratic rocks a
collection of many rock types of various shapes and sizes.
He concluded that the strange big boulder at the outskirt
of his village was an erratic rock left there by the last
glaciers.

Glacial sediments cover wide regions 'in many coun-
tries, providing ample opportunities for a field study with
a class of students. Observations to be made include first
of all the "erratic" nature of the rock assemblages. Com-
parison of the rock types with the nearest outcrops will
lead to the conclusion that the glaciers traveled for tens
and even hundreds of kilometers. Another observation
relates to the U-shape of the valleys, that typifies glacial
terrains. In special cases parallel striations on rock beds
convincingly mark the passage of former glaciers.

OBSERVATIONS IN WELLS DISCLOSING THE DYNAMICS OF
GROUNDWATER SYSTEMS

Groundwater is a concealed fluid, which makes its
research especially challenging. We hear about a water
table, recharge, drainage and other concepts. How are
these known? Can observations be made underground?
Let us focus on basic observations that can be readily
conducted in wells from which water is not pumped at
present, e.g. ancient abandoned wells or wells drilled to
serve as observation wells. The observations can be done
by the students themselves, or data obtained by profes-
sional hydrologists may be applied.

A rope, or a more specific measuring tool, let into a
well, reveals that a well has an upper section that is dry
and beneath the well is filled with water. As this obser-
vation has been repeated in many wells, it was concluded
that everywhere there is an upper-most aerated zone of
soil and rocks that contain air in the voids between the
solid particles, and beneath is a saturated zone in which
all voids in the rocks are filled with water. The observa-
tion that water can be pumped from the saturated zone
can give the impression that we deal with underground
lakes or rivers. That this is not the case we learn from
the experimental observation that wells have to be dug
or drilled and rock material is taken out from the entire
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depth of the well. Thus, we deal with rocks that from a
certain depth on contain water in their voids. The top
of the saturated zone is called the water table. The depth
of the water table at each well can be measured and is
the depth at which water is first encountered in the well.
The water table is observed to raise during rainy sea-
sons, indicating that water infiltrates efficiently and
water is recharged through the aerated zone. The water
table in non-disturbed regions is seen to drop during
dry periodsindicating that the recharged groundwa-
ter flows away from the recharge location. Where does
it flow to?

The shape of the water table plane in a study area
can be reconstructed by measuring the attitude of the
water table at each well, and comparing it to the atti-
tude of the water table in other wells. It turns out that
as a rule, the water table is slightly inclined and the
inclination is always in the direction of the nearest
ocean. This observation leads to the conclusion that
groundwater flows laterally in the water table zone to
the ocean. An additional observation is that the water
table is 'in all coastal areas nearly at sea-level, leading
to the conclusion that groundwater is indeed discharged
to the ocean's surface. The described set of simple ob-
servations conducted on non-pumped wells sheds light
on the dynamics of the groundwater system.

ARE CRUSTAL PLATES REALLY MOVING?

Continental drift and plate tectonics are parts of a
most fashionable theory. How was this theory developed?
On which observations is it based? How can it best be
taught at school? The first stage is rather well known -
Wegner, a German meteorologist, at the turn of the cen-
tury turned attention to the similarity of the continen-
tal outlines on both sides of the Atlantic Ocean, and he
postulated that once there was one proto-continent that
was split and the parts moved away from each other,
letting the ocean water flow in between. This was a very
elegant combination of a simple observation made on
the world map and a deduced hypothesis. The difficulty
was that it was hard to suggest criteria to check the
validity of the theory. The distance between the conti-
nents on both sides of the Atlantic Ocean spans around
3000 kilometers, and no one had, at the beginning of
the century, any indication that parts of the earth's crust
have really moved along such an enormous path. So
the theory was not accepted. It gained recognition only
when new observations supported it, e.g.: (a) mapping
of the ocean's floor revealed that at its center there in a
mid-Atlantic ridge, that has a shape that is similar to
the shape of the continental margins on both sides of
the ocean, (b) the ridge is built of basalt and other vol-
canic rocks, (c) the ridge is highest at its center and it
levels off symmetrically on both sides, (d) rocks have
been collected from the mid-oceanic ridge and dated,

and the outcome is that the age increases as the rocks
are farther away from the center of the ridge, (e) at the
top of the ridge is a trench, resembling a rift valley. These
basic observations lead together to the working hypoth-
esis that the ancient super-continent fractured and the
two parts indeed drifted away from each other. In paral-
lel, magma from the mantle rose along the fracture
plane, accumulating as rocks on both sides of the rift
trench and the latter were carried away only to make
room for new basalts that were carried away as well.
The refined working hypothesis reconciled a large body
of observations and hence was easier to accept. Even
the rate of the spreading was calculated dividing the
distance between measured rocks by their age. The out-
comeabout 2.5 cm/y.

Other observations can be brought to the class to
elucidate the concept of continental drift and moun-
tain building, e.g. India thatwondered 7000 kilome-
ters to the north and collided with Asia to form the
Himalayaa great story with much to see in the atlas.

CAN WE RECONSTRUCT ANCIENT LANDSCAPES, BASED ON
THE ROCKS LEFT BEHIND?

The fundamental rule of geology, the present is the
key to the past, can be excellently applied in the explo-
ration of the geological record preserved in rocks. The
principle is to observe formation of rocks at present and
apply the conclusions to reconstruct the paleo-environ-
ment that prevailed at the time of formation of rocks
encountered elsewhere. A few examples are: (a) sand-
stones containing fossil tree trunks reflect continental
sand dunes, whereas (b) sandstone that is interbedded
with layers of clay containing marine fossils was laid
down in coastal plains or near off-shore, (c) gypsum and
salt deposits were formed in evaporitic coastal lagoons
in dry coastal lands, (d) coal seams mark ancient lush
forests, (e) limestones with marine fossils evidence
former sea transgressions. These series of observations
and deductions are relatively easy to convey at school
level, and with them projects of exploring the local ge-
ology are feasible.

CONCLUSIONS

The approach of geoscience studies based on key
observations is applicable to whatever the immediate
environs offer. The selected topics and respective obser-
vations may include whatever can be reached. e.g. a
marsh or swamp, an oceanic coast, a volcano, a spring,
a well, rock beds of various kinds, outcrops of fossils,
salt or gypsum mines, and so on. Success can be con-
cluded when the students start to come up with obser-
vations in other domains of science and whenever they
ask for the observations that support a given theory.

7.1
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David Thompson: Introduction by Chris King

David Thompson is a cricketer, a footballer, a me-
teorologist, a geologist, a teacher, a geoscience educa-
tor. Born in the back streets of Manchester, he is a prod-
uct of the United Kingdom state education system a
grammar school boy. A founder student of Keele Uni-
versity. A meteorologist in the Royal Air Force. A teacher
at North Manchester Grammar Schoolits first geol-
ogy teacher. A founding member of the Association for
the Teaching of Geology. He became an Education Lec-
turer at Keele University in 1971 with the brief to de-
velop geological education within science education na-
tionally and internationallyand to educate geology
teachers. I was one of his students. I learned that I was
not to be a teacher of geology but a teacher of children.
I also learned that my job was not to teach geology and
science but to use geology and science to develop think-
ing skills in pupils to prepare them for the world.

In his talk to the conference participants, David dis-
cussed the history of the development of the science
curriculum in Great Britain with clues for the future of
earth science education.

David Thompson and Chris King

V:31.

From a Physical Geology-geography
Education for a Few Aged 11-16 to an
Earth-environmental Science
Education for All Aged 4-16
David Thompson, Fellow of the University, Keele, Staff,
UNITED KINGDOM, 5T5 5BG.

This contribution aims to provide some guidelines
for the future of Earth science education based on a 40
year long experience of its past and present develop-
ment in a largely British setting.

The past: 1918-1989. In England, Wales and Scot-
land, this period encompassed geology, earth science
and environmental science as separate subjects, or as
part of science and geography curricula for pupils aged
5-19. Such curricula were also common to countries
and continents which had inherited and not yet dis-
carded the educational trappings of the British Empire.
With hindsight the advantages of these curricula (high
academic standards fieldwork, well run examinations,
etc.) were outweighed by the disadvantages (an optional
system, small uptake, inadequate integration with the
general education of future citizens in a democracy etc.).
They were often delivered by a pedagogy that was didac-
tic and descriptive, over-concentrating on the teaching
process rather than the learning process and the oppor-
tunities offered by investigatory science and geography
in the local environment. There was little educational
research into earth science education and work of a
constructivist nature in the 1980's was not applied.

The present: 1990-1997. The author attempts to out-
line and reflect upon the progress (or otherwise) of the
gigantic ongoing educational innovation or "experiment"
of 1990 onwards in which a National Curriculum (NC)
(supported by all political parties) is being implemented
in England and Wales (but in a rather different way in
Scotland). In the original and four subsequent versions
of the NC so far, earth and environmental science topics
have been specified for pupils aged 5-16 to a diminishing
extent in the National Science Curriculum (NSC) (a
"double" subject which is a core i.e. compulsory subject)
and in geography (NCG) (an optional subject but one
which is almost universally taught). Alignment with
chemistry topics is a problem. In an experiment many
variables are usually controlled, but in this instance the
implementation of the curricula is subject to wide varia-
tions of interpretation and practice. Much of it is idio-
syncratic, due to the narrowly specialist graduate scien-
tific backgrounds of the existing science teaching force
and the lesser scientific background of the geography
teachers; the organisation of school departments; wide



variations in the undergraduate and postgraduate initial
teacher education and training progammes; the lack of a
coherent national policy of in-service professional devel-
opment for teachers; implementation in part by over 100
local Education Authorities, lack of financial resources
etc. An attempt will be made to focus on the positive
aspects of these experiences and the many innovative
responses which have been provoked and promoted. On
balance it is argued that the enforced changes brought
about by the NC have been educationally worthwhile
because of the wide-ranging discussions and adaptations
which have been engendered as much as for the pur-
poses envisaged initially by the curriculum planners.

The future. An attempt will be made to draw up
guidelines which might be helpful in advancing earth-
environmental science education in cultural contexts
besides those of a stable western democracy. Favoring a
national curriculum which provides a corporate focus
and new opportunities is commended with reservations.
There is then a need to create national geoscience insti-
tutions which will generate an overall policy and a vi-
sionary curriculum model which will show how earth
science will enhance and integrate with traditional sub-
jects. A key factor in achieving this is the degree to which
the geoscience profession in industry and higher edu-
cation recognizes that the scientific/geographical edu-
cation of pupils from ages 4-19 is a matter of self-inter-
est as well as a national and international imperative.

Much will depend upon the quality of the avenues of
communication which are opened and maintained by
groups which have access to power and finance and spare
time to instigate, underpin, encourage and further
professionalise individual teachers, school departments
and teacher training institutions (with their own na-
tional curriculum) .The aim should be to initiate/main-
tain contacts and understanding across the whole of
science and politics. It is not enough to win the intel-
lectual argument for the inclusion of the earth envi-
ronmental sciences in a national curriculum; counter-
ing the arguments of lobbyists for traditional disposi-
tions, providing ideas for resources and equipment, and
demonstrating good practice in pedagogy (e.g. in field
and laboratory) will be frequently needed. Leadership
at many levels and a well developed sense of public rela-
tions are vital; the influencing of "the powers that be"
by key individuals who have been primed by the persua-
sive arguments of a few dedicated enthusiasts has often
prized open the door to the corridors of government
and decision making.

Education has now risen to the top of the political
agenda in so many countries; ears may be more open to
a well-conceived approach than ever before. Organise;
be bold as well as cogent; be ready to take multiple set-
backs in your stride; let them be the spur to greater,
more subtle, even devious, efforts. Good luck; you will
need and deserve every bit of it!
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:Hier Conference Aghhghh

Displays. A number of the presenters and their spon-
soring agencies brought materials .for distribution to
the participants. While few formal displays were in place,
the Campus Center lobby formed a hub of activity for
people to meet and learn more about the particular pro-
grams that were providing materials.

Social Events. The conference opened with a Wel-
coming Reception and closed with a traditional
Hawai'ian Luau. The social events highlighted Hawai'ian
food, music and dance, placing the conference in the
context of important cultural concepts of Hawai'i.
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Evaluation

Parficipanh' evaluation of the Second International Conference on

Geoscience Education: Learning about the far% as a sysfem

A profession grows by providing its members a forum for networking, a means of analyzing needs and

approaches, a testing ground for innovation, and a mechanism for inputto future developments. At GeoSciEd

II, the organizers brought together individuals from diverse occupations and settings, all focused on learn-

ing about the Earth. The networking that occurred fully met the professional and social potential for such a

gathering, as indicated by conference impressions and statements by participants. Photographs through-

out this document attest to the level of interaction and enthusiasm that were apparent at the meeting.

Participants were also able to analyze new tools for teaching and learning, explore new natural environ-

ments, learn some general information to update and internationalize their science and education knowl-

edge, and engage in interaction in the format of poster sessions and feedback.

Rosanne W. Fortner and Jae-Young Lee, Earth Systems

Education, The Ohio State University, Columbus, OH
43210 USA

To collect the input of participating professionals for
the design of future conferences, two kinds of evalua-
tions were done and results reported here.

1) An all-conference evaluation form was used to
collect total impressions regarding the content and ac-
tivities of the meeting. These factors constitute the pro-
fessional components for development of future con-
ferences. Based on the assumption that the next con-
ference would be in another country and a different kind
of institutional setting, specific questions about the fa-
cilities and setting were considered of lesser importance,
although we recognize that participant satisfaction is
built upon physical comfort in addition to mental stimu-
lation!

2) Separate forms were used to evaluate the pri-
mary conference format interactive poster sessions.
Three days of sessions were conducted in this format.
Our intent was to collect the forms at least daily and
preferably after each of the 1/2-day Theme Sessions as
formative evaluation of the process and its extent of use.
The forms did serve this purpose though the attention
to data collection was less than anticipated.

THE SAMPLE.

About 20% of the conference participants (44) re-
sponded to the request for evaluations of the overall
conference. The low return rate is attributed to the fact
that the evaluation forms were not distributed in a
timely manner. Most of the respondents (30) were from

the United States, six were from the United Kingdom,
and the rest from seven other countries. The over-
whelming majority of respondents classified themselves
as educators (34, including 12 secondary teachers and
11 professors, 3 museum educators and 8 others), but
there were also students, geologists, and others from
business and government who gave us their reviews.
1i/4)o-thirds of those who completed the questionnaires
were presenters at this meeting (29 of 44), and only six
had attended the First International Conference in
Southampton, England, in 1993.

INFORMATION SOURCES.

A list of possible sources of information was pro-
vided on the questionnaire, and multiple answers were
invited. Most respondents got conference information
from more than one source. Direct mailing and per-
sonal contact were the primary means by which the con-
ference organizers reached the potential participants
(22 and 21 respondents, respectively). Another ten
people received their notices in a journal or newsletter,
and all the other contact methods received some atten-
tion as well. Six (15% of respondents) reported using
the internet site, an innovation for this meeting.

FUNDING SOURCES.

To travel to an international conference is expen-
sive, and many participants sought funds in addition to
what they were able to provide personally. On a check-
list of funding sources, with multiple answers possible,
24 people reported they relied on personal funds, 27 on
their home institution or government, some on grants
and some on combined sources. A grant from the Na-
tional Science Foundation provided partial support for
most of the secondary teachers who participated.

f



Learning about Earth as a system: Proceedings of the Second International Conference on Geoscience Education

REASON FOR PARTICIPATION.

An open question invited participants to tell, "What
was your primary reason for coming to the conference?"
Research indicates that when individuals participate in
an educational workshop for a combination of personal
and professional reasons, the person is more likely to
follow up on (use and disseminate) what was gained from
the program. Of the 41 respondents to the open-ended
question, 3 listed only personal reasons, such as curios-
ity, and revitalization; 31 listed only professional rea-
sons, including learning techniques, networking, pre-
paring teachers, confronting issues; and 7 (17%) listed
a combination of personal and professional reasons for
participation. The question asked for "your primary rea-
son" for coming to the conference; perhaps if multiple
answers were specifically called for there would have
been a larger number identifying both personal and pro-
fessional reasons.

MEETING PARTICIPANT NEEDS.

The conference apparently met the participants'
needs adequately, as respondents rated the following (0
= Inadequate, 1 = Good, 2 = Excellent):

Contact with people in the field 1.5

Ideas you can use 1.3

Techniques to try 1.2

Professional growth 1.2

Geoscience knowledge gain 1.1

Learning about other cultures 1.1

Given the specified meanings of the ratings, the con-
ference did a Good to Excellent job of meeting the set of
goals listed. The results also indicate that networking
was a major outcome of this meeting, and perhaps fu-
ture collaborations among the participants will dem-
onstrate further the value of such opportunities. While
it is disappointing that people did not feel they learned
as much about other cultures or their own discipline,
the ratings are evidence that participants have emerged
with new tools for teaching.

As for the format and conduct of the conference in
general, participants rated major components as follows
(0 = Inadequate, 1 = Good, 2 = Excellent):

All-conference trip 1.8

Pre-post activities 1.3 (30 responses)

Conference length 1.3

General session topics 1.1

Mix of formats 1.0

Advance communication 1.0

The all-conference field trip was thus the highest
rated component of the conference, a combination of
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successful organization and enthusiastic participation
of interpretive guides at the sites visited. Together with
the pre- and post-activities, which included other field
trips and a technology lab, these events turned out to
be strong moments to encourage participants to pur-
sue their interest in the topic of the conference.

Participants would have been more comfortable with
a greater amount of communication from the confer-
ence coordinators, and with a more traditional mixture
of presentation formats, but the average rating of these
was still "Good." Combining this set of responses with
the previous one, it might be inferred that these respond-
ing participants would prefer general session topics and
other presentation sessions related specifically to the
geosciences.

INTERNET SITE.

This was the first time an internet site had been avail-
able for the Geoscience Education conference, and it
was maintained on a volunteer basis by the program
committee chairperson, Dr. Vic Mayer. The home page
(see illustration) offered hypertext links to select for
information on various components of the conference.

In this portion of the evaluation form, 17 of the 44
respondents reported accessing the home page (http://
earthsys.ag.ohio-state.edulconindex.html). They re-
sponded with comments that were constructive for fu-
ture developers, and some of these have been imple-
mented as appropriate in the follow-up conference web
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site. The participants generally appreciated knowing the
program schedule in advance, and getting registration
information from the site. The photographs were appre-
ciated, as was the link to the "Virtual Tour" of Hawai'i.

According to participant suggestions, it is important
for future use of a conference internet site that the site
be updated regularly, have as much information as prac-
tical (precise schedule for presentations, more detailed
information about field trips), and include other advance
organizers such as a map of the area with hotels marked
in relation to the conference site. Some participants used
the internet pages for planning, but did not find all they
wanted. Some participants did not know about the web
site, so it is essential for organizers to inform possible
participants of the resource in advance, by e-mail con-
taining the URL, as well as hard copy forms like news-
letters or journals.

The conference internet site will continue in a fol-
low-up form as long as there is an indication that it is
being used by "visitors."

CONFERENCE THEME.

"Learning about the Earth as a system" was deemed
by the majority of respondents to be an excellent theme,
an extremely important organizer for the new forms that
science education is taking. The "systematic approach
is the only way," said some, and "it ties everything to-
gether, clearly the operative paradigm for geoscience
education" said others. Some comments related it to
people: "an absolutely critical way for students to learn
and study science." Other comments noted how well
the Hawai'i conference venue supported the theme.

Those who questioned the theme were more con-
cerned with its not being carried through into many of
the presentations. Presenters tended to adhere to their
disciplinary mode of operation without reference to a
systems approach. Those who were new to the idea of
Earth systems would have liked a more distinct defini-
tion, and appeared to be confused by the concept. Some
especially were looking for how to balance depth with
breadth, a common dilemma in those who are seeking
to implement changes in curriculum and reconcile those
with traditional teaching modes. For others, the confu-
sion was based on their searching for systems in an ori-
entation that would be more like engineering. They
wanted to see an example of how such an integrated
curriculum would look, and they suggested presenta-
tions along those lines. (A thorough review of the pro-
gram abstracts will indicate that a number of opportu-
nities were included in the program to have such inter-
action with curricula, especially in the workshops con-
current with and following the program.)

It was clear from the range of comments on this item
that participants had given some thought to the ideas

of Earth as a system, to teaching about systems, and to
how this applies to their own situation. If a conference
theme generates such levels of thinking, it was prob-
ably a valid goal statement and one that will be remem-
bered!

INTERACTIVE POSTER SESSIONS.

This format of presentation was new for most
people, and the reactions were mixed. Positive com-
ments were focused on how the format was excellent
for meeting people and sharing, how it was useful to
select large blocks of time to focus on a single theme,
and how easy it was to get the ideas of the posters from
their attractive format. The positive comments in-
cluded the idea that breakout sessions got better over
the course of the conference, as people perceived ways
to use them effectively.

One set of less positive comments focused on the
groupings of the posters, with some sets not as obvi-
ously adhering to a theme as others. As one noted, "the
themes seemed contrived rather than providing a fo-
cus." The program committee noted this in some cases
as well, but had to organize the proposal papers sub-
mitted, around the constraint of a limited number of
boards, two factors over which there could be no con-
trol. The same could be said of a concern that the pre-
sentations were too eurocentric or America-centric. No
proposed paper was rejected by the committee, and ev-
ery attempt was made to generate interest and support
for representation from other parts of the world. Per-
haps the participants in this Second conference can as-
sist in increasing participation from the developing
world for the Third conference.

Other concerns were of timing: poster presenters had
little opportunity to visit others in their same session,
those less fluent in English did not have enough time
to absorb the information, and in general the poster
review period seemed rushed. A suggestion that arose
from these concerns was that posters be left up for a
full day or longer, giving everyone time to see those they
did not actually discuss, and allowing for better group-
ings to emerge for breakout sessions. One respondent
wished for longer overview statements (more than three
minutes), but the intent of the program committee was
that these statements were to introduce and pique in-
terest, not substitute for the poster.

Some participants were most concerned with the
breakout and summary sessions. They felt these were
not focused, because the posters themselves were more
diverse than the theme indicated. The breadth of the
themes made summaries difficult. If this format were
followed in the future, perhaps an all-day display, at-
tended by presenters for only one appointed hour, in
shifts, would allow for a better grouping of topics into
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breakout sessions. It would also address some of the tim-
ing issues.

ADVICE FOR FUTURE CONFERENCES.

O Site: Suggestions from this group of respondents fo-
cused on Australia and New Zealand, with some oth-
ers suggesting Iceland, Singapore and South Africa.
(This conference committee strongly urges future
conference developers to hold the meeting in their
own geographic area. Conducting business and an-
ticipating needs long-distance is difficult at best.)

O Sessions and schedules: Respondents wanted more
time to tour on their own, "more informative" ple-
nary sessions, representations of all Earth systems
(including more astronomy, meteorology, oceanog-
raphy), a true "Earth systems" conference, complete
abstracts published in the conference program, keep-
ing the posters up longer, retaining the breakout
sessions, articulation of the theme throughout the
program, greater support of the professions, and
computers available in the sessions. Build in more
free time to explore, and opportunities to meet each
other, have more evening sessions.

o Accommodations: Hotels need to be closer to the
conference; provide good description of facilities in
advance (both housing and presenting facilities),
make copiers and fax available, use shuttle transpor-
tation. In all, better information on the program and

facilities in advance would have prepared participants
better for the conference.

Evaluation procedure: In order to get more re-
sponses, especially from participants from other
countries besides the U.S., the evaluators of this con-
ference suggest that conference organizers need to
consider a new tool that could be an Internet-based
survey attached to the home page of the conference.
This could become part of a continuing update and
communication among participants.

EPILOGUE

One of the most memorable products of this confer-
ence might be establishing interpersonal networks and
a common network for the theme area, according to
the participants. To maintain such networks is never
easy, and the conference organizers will make every ef-
fort to encourage follow-up activities and linkages.

Major outcomes of the conference were

confirmation of the excellence of the theme, "Learn-
ing about the Earth as a system."
establishment of potent networks among participants.

recognition of issues for the next conference.

evaluation of new tools for presentation and confer-
ence organization.
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Viale Benedetto XV 5
Genova, 16132 Italy
39-40-353-8302 (Tele)
39 10 352 169 (Fax)
bezzi@dister.umige.it

Mary R. Bishop
Saugerties Jr./Sr. High
151 Albany Ave.
Kingston, NY 12401 USA
mbishop148@aol.com

Nancy S. Bixler
256 CR 30
Lisbon, NY 13660 USA
315-322-5634 (Tele)
315-322-4462 (Fax)
nbixler@mum.neric.org

Kristen Bjork
55 Chapel Street
Newton, MA 02158 USA
617-969-7100 (Tele)
617-527-8906 (Fax)
kristen@edc.org

Brent Blake
819 N 2600 E
Rexburg, ID 83440 USA
208-624-3860 (Tele)
blakeb@mail.d321.id.us

Leonard M. Bolch
115 Lincoln Place
Brooklyn, NY 11217 USA
718-636-6081 (Tele)
718-398-3640 (Fax)
lbloch@berkeley-carroll.brooklyn.ny.us

Sharry W. Briggs
13114 W 77th Ter
Lenexa, KS 66216 USA
913-596-5355 (Fax)
dbriggs@sky.net

Rhonda S. Brooks
Albuquerque Academy
6400 Wyoming Blvd
Albuquerque, NM 87109 USA
505-828-3156 (Fax)
brooks@aa.edu

Malcolm D. Buck
Dept of Applied Geology
University of New South Wales
Sydney, NSW 2052 Australia
61-2 9385 4810 (Tele)
61-2 9385 5935 (Fax)
m.buck@unsw.edu.au

Andrew Butcher
PMB GPO Suva Fiji
679-38177 (Tele)
679-370040 (Fax)
andy@sopac.org.fj

Rodger Bybee
National Research Council
2101 Constitution Avenue, NW
Washington, DC 20418 USA

Ann Bykerk-Kauffman
Dept of Geosciences
Calif. State UniversityChico
1st and Normal Streets
Chico, CA 95929 USA
916-898-6269 (Tele)
916-898-4363 (Fax)
akauffman@oavax.csuchico.edu

Jeffrey C. Callister
13 Linda Drive
Newburgh, NY 12550 USA
914-505-5713 (Tele)
914-563-7523 (Fax)

Miguel C. Cano
Institute for Science & Mathematics Educa-
tion Development
Quirino Avenue, Diliman
Quezon City 1101 Phillippines
632-928-26-31 (Tele)
632-928-26025 (Fax)
jurassic@ismed.upd.edu.ph

Winifred F. Caponigri
P.O. Box 308
Notre Dame, IN 46556 USA
219-239-8371 (Fax)
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Celso Dal Re Carneiro
Geosciences Institute
State University of Campinas
Rua Cajaiba 45, Apt. 11
Sao Paulo SP 05025 Brazil
55 11 263 1471 (Tele)
55 19 239 1562 (Fax)
cedrec@ige.unicamp.br

John R. Carpenter
Center for Science Education
University of South Carolina
Columbia, SC 29208 USA
803-777-6920 (Tele)
803-777-8267 (Fax)
carpenter-john@sc.edu

Barbara B. Cheyney
205 Whitemarsh Road
Ardmore, PA 19003 USA
610-896-8113 (Tele)
cheyneyhouse@msn.com

Robert A. Christman
370 South Forrest
Bellingham, WA 98225 USA
360-650-3587 (Tele)
360-7302 (Fax)
xman@henson.cc.wwu.edu

Russell G. Clark, Jr.
Albion College
Albion, MI 49224 USA
517-629-4562 (Fax)
rgclark@albion.edu

Ian F. Clark
Warrendi Road, The Levels South Australia
5095
Australia (Tele)
618-8302 5082 (Fax)
ian.clark@unisa.edu.au

Jo Ann Coburn
Cleveland Museum of Nat. History
1 Wade Oval Drive
University Circle
Cleveland, OH 44106 USA
216-231-4600 x 289 (Tele)
216-231-9960 (Fax)

Norene D. Co ller
Deer Ridge Drive
Straatsburg, NY 12580 USA
914-889-8736 (Fax)
noller@mhv.net

Howard Colley
Geology Division
Gipsy Lane Campus Headington
Oxford 0X8 8EH UK
01865 483926 (Fax)
ncolley@brookes.ac.uk

Russell 0. Colson
Moorhead State University
Moorhead, MN 56563 USA
colson@mhdl.moorhead.msus.edu

Mary C. Colson
2020 11th St S
Morrhead, MN 56560 USA
218-236-0566 (Fax)

Steven K. Croft
Wheeling Jesuit University
316 Washington Ave
Wheeling, WV 26003 USA
304-243-2491 (Tele)
304-243-2497 (Fax)
scroft@cotf.edu

Kevin Cuff
Lawrence Hall of Science
Univ. of Calif. - Berkeley
Berkeley, California USA
510-642-5863 (Tele)
510-642-1055 (Fax)
kcuff@uclink4.berkeley.edu

Ralph L. Dawes
Everett Community College
1838 N 190th Street
Shoreline, WA 98133 USA
206-388-9430 (Tele)
206-388-9129 (Fax)

Barbara J. Decker
7600 W. North Avenue
Wauwatosa, WI 53213 USA
414-778-6540 (Tele)
414-777-4786 (Fax)
decker@execpe.com

Patricia A. Deen
1140 W. Mission Road
San Marcos, CA 92069 USA
619-744-1150x2519 (Tele)
pdeen@palmar.edu

Judy D. Dollard
10308 Noland
Overland Park, KS 66215 USA
913-596-5355 (Fax)
ksdoll@aol.com

Mary Dowse
Dept. of Natural Sciences
Silver City, NM 88062 USA
505-538-6227 (Fax)
dowsem@silver.wnmu.edu

Gillian R. Drennan
College of Sciences
Univ. of The Witwatersrand
Private Bag 3, Wits
Johannesburg, 2050 South Africa
27 11 339 1697 (Fax)
065ruth@cosmos.wits.ac.za

Yaniv Dubowski
1001 W. Villa St #28
Pasadena, CA 91106 USA
818-584 0119 (Tele)
818-395-3170 (Fax)
omer@cco.caltech.edu

Frank M. Dunnivant
HC 64 Box 60 BB
Oneonta, NY 13820 USA
607-431-4755 (Tele)
607-431-4374 (Fax)
dunnivantf@hartwick.edu

Daniel Edelson
1890 Maple Avenue
Evanston, IL 60201 USA
847-467-1337 (Tele)
847-491-5258 (Fax)
d-edelson@awu.edu

Alejandra Escobar-DeGraff
12426 Deep Springs
Houston, TX 77077 USA
alecita@aol.com

Carla S. Evans
NASA GSFC
Code 902 HSTX
Greenbelt, MD 20771 USA
301-614-5293 (Tele)
301-614-5268 (Fax)
evans@daac.gsfc.nasa.gov

Dennis Farber
2045 Doral Street
McMinnville, OR 97128 USA
kirkfarb@pnn.com

Mack Felton
7210 Farwood Drive
New Orleans, LA 70126 USA
504-241-1626 (Tele)
601-688-2709 (Fax)
felton@pelican.gmpo.gov

Norma D. Felton
7210 Farwood Drive
New Orleans, LA 70126 USA
504-241-1626 (Tele)
504-865-5199 (Fax)
pnormack@I-way.net

Carl E. Fenske
1407 Wrenwood Court
Geensboro, NC 27455 USA
910-282-4333 (Tele)
910-292-2905 (Fax)
fenske@greensboroday.org

John A. Fisher
School of Education
Claverton Down
Bath, BA1 7AY UK
j.a.fisher@bath.ac.us
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Zoe D. Fleming
1 Vicars Close, Ou Iton
Stone Staffs ST15 8UQ UK
44 1785 816862 (Fax)
101517.2651@compuserve.com

Alastair D. Fleming
1 Vicars Close, Ou 1ton
Stone Staffs ST15 8UQ UK
44 1785 816862 (Tele)
101517.2651@compuserve.com

George C. Flowers
6823 St. Charles Ave
New Orleans, LA 70118 USA
504-865-5198 (Tele)
504-865-5199 (Fax)
flowers@mailhost.tes.tulane.edu

Rosanne W. Fortner
The Ohio State University
210 Kottman
2021 Coffey Road
Columbus, OH 43210 USA
614-292-9826 (Tele)
614-292-7432 (Fax)
fortner.2@osu.edu

Siegfried Franck
University of Potsdam, PSF 607632
Potsdam, Brandenburg D-74476 ER.
Germany
43-337-288-2807 (Fax)
franck@gfz-potsdam.de

Jeffery A. Frey
521 Sebiston Drive
Swansboro, NC 28584 USA
910-326-3887 (Tele)
910-726-6290 (Fax)
frey@coastalnet

Merethe M.F. Froyland
Norwegian Museum Authority
Ullevalsveien II
Oslo 0165 Norway
4722110024 (Fax)
merethef@nomusu.no

Karen H. Fryer
Dept. of Geology and Geography
Ohio Wesleyan University
Delaware, OH 43015 USA
614-368-3999 (Fax)
khfryer@cc.owu.edu

Edward Geary
Geological Society of America
3300 Penrose PI, PO Box 9140
Boulder, CO 80301 USA
303-447-2020 (Tele)
303-447-1133 (Fax)
egeary@geosociety.org

Barbara Gibson
Department of Geography
University of Oklahoma
100 East Boyd
Norman, OK 73019 USA
405-325-7689 (Fax)
bgibson@ou.edu

Roger L. Gibson
Dept. of Geology
Univ. of The Witwatersrand
Private Bag 3, Wits
Johannesburg, 2050 South Africa
27 11 3391697 (Fax)
065rIg@cosmos.wits.ac.za

Carlo Giovanella
Dept. of Earth and Ocean Science
Vancouver, BC V6T 1Z4 Canada
604-822-4760 (Tele)
604-822-6088 (Fax)
cgiovanne@eos.usbc.ca

Laurel P. Goodell
Princeton University
Dept of Geosciences, Guyot Hall
Princeton, NJ 08544 USA
609 258 1043 (Tele)
609 258 1274 (Fax)
laurel@geo.princeton.edu

Debra J. Gooding
5522 E. Lexington
Orange, CA 92867 USA

Leslie C. Gordon
345 Middlefield Road, MS 919
Menlo Park, CA 94025 USA
415-329-4006 (Tele)
415-329-5125 (Fax)
lgordon@usgs.gov

Pamela J.W. Gore
120 Mockingbird Lane
Decatur, GA 30030 USA
404-299-4099 (Tele)
404-298-3833 (Fax)
pgore@dekalb.dc.peachnet.edu

David C. Gosselin
Univ. of NebraskaLincoln
113 Nebraska Hall
Conservation &Survey Division
Lincoln, NE 68588 USA
402-472-8919 (Tele)
402-472-2410 (Fax)
gosselin@unlinfo.unl.edu

Masakazu Cotoh
206 Kaneda, Minanishitaura
Miura, Kanagawa 238-01 Japan
0468-88-0914 (Tele)
0468-88-0915 (Fax)

John A. Grant
Earth Sciences
SUNY at Buffalo
1300 Elmwood Avenue
Buffalo, NY 14222 USA
716-878-4028 (Fax)
grantja@snybufaa.cc.snybuf.edu

Paul Grogger
Dept of Geology
Univ. of Colorado Colo. Sprs.
Colorado Springs, CO 80933 USA
719-262-3146 (Fax)
pgrogger@mail.uccs.edu

LaNette A. Gunderson
528 Morrison Drive
Clarksville, TN 37042 USA
615-551-4030 (Tele)
gundytl@juno.com

Richard Hackney
Western Kentucky University
Bowling Green, KY 42101 USA
502-745-4357 (Tele)
502-843-3762 (Fax)
ksgc@wkuvxl.wku.edu

Karen Hackney
Western Kentucky University
1 Big Red Way
Bowling Green, KY 42101 USA
502-745-4357 (Tele)
502-843-3762 (Fax)
ksgc@wkuvxl.wku.edu

Sharon A. Hansen
Ricks College
Elem. Education, Smith 352
Rexburg, ID 83440 USA
208-356-1247 (Fax)
hansensa@ricks.edu

Steven C. Hansen
Ricks College
Geology Dept., ROM 148
Rexburg, ID 83440 USA
208-356-1247 (Fax)
hansens@ricks.edu

Doug W. Haywick
Dept. of Geology and Geography
Mobile, AL 36688 USA
334 460 7886 (Fax)
dhaywick@jaguarl.usouthal.edu

Nancy Healy-Williams
SC Comm on Higher Education
1333 Main Street
Columbia, SC 24201 USA
803-737-2246 (Tele)



learning about farlh as a system: Proceedings of the Second International Conference on Geoscience Education

William H. Hoyt
1226 38th Avenue
Greeley, CO 80634 USA
970-351-2487 (Tele)
970-351-1269 (Fax)
whhoyt@bently.univnorthco.edu

M. Frank Watt Ireton
American Geophysical Union
2000 Florida Ave, NW
Washington, DC 20009 USA
202-462-6900 (Tele)
202-328-0566 (Fax)
fireton@kosmos.agu.org

Wayne C. Isphording
Dept. of Geol-Geography
University of South Alabama
Mobile, AL 36688 USA
334-460-7568 (Tele)
334 460 7886 (Fax)
wisphord@jaguarl.usouthal.edu

Susan K. Jagoda
Lawrence Hall of Science
University of California
Berkeley, CA 94720 USA
510-642-8941 (Tele)
510-642-7387 (Fax)
skjajoda@uclink4.berkeley.edu

Daniel W. lax
2356 Brentwood Rd.
Bexley, OH 43209 USA
614-253-9928 (Tele)
614-338-2090 (Fax)
danjax@aol.com

Jackie Johnson
692 E. 10,000 S
Rexburg, ID 83440 USA
208-356-4231 (Tele)
jjohnson@mail.d321.k12.id.us

Donald R. Johnson
1225 West Dayton
Madison, WI 53706 USA
608-262-2538 (Tele)
608-262-5974 (Fax)
donj@ssec.wisc.edu

Pocahontas Jones
728 Irving Place
Plainfield, NJ 07060 USA
908-561-2715 (Tele)

Nancy Jonsson
P.O. Box 1238
'INvin Falls, ID 83303 USA
njonsson@eve rgreen 2. cs i.cc. ed. us

Yael Kali
The Weizmann Inst. Of Science
Rehovot, 76100 Israel
08 9343796 (Tele)
08 9344115 (Fax)
ntyael@wickmann.weizmann.ac.il

Carl F. Katsu
P.O. Box 118
Biglerville, PA 17307 USA
717-642-6600 (Tele)
717-642-5553 (Fax)
ckatsu@aol.com

John D. Kawula
Pacific Lutheran University
Tacoma, WA 98447 USA
206-535-8864 (Tele)
206-536-5110 (Fax)
kawulajd@plu.edu

John B. Keene
Dept. of Geology and Geophysics
University of Sydney
Sydney, NSW 2006 Austalia
61-2-9351-2915 (Tele)
61 2 9351 0184 (Fax)
jock@ucc.su.oz.au

Philip L. Kehler
Dept. of Earth Science
2801 S. University Ave
Little Rock, AR 72204 USA
501-569-3271 (Fax)
plkehler@uslr.edu

Kathleen M. Kemp
Dept. of Geology
22 Russell Street
Toronto Ontario M5S 3B1 Canada
416-978-3938 (Fax)
kemp@quartz.geology.utoronto

Chan-jong Kim
135 Sugok-dong Heungdeuk-gu
Chong-ju Chungbuk 361-150
Korea
0431-279-0754 (Tele)
0431-279-0797 (Fax)
chajokim@sugok.chongju-e.ac.kr

Hyejeong Kim
178-9 Bongsandong Yousunggu
Taejon 305-506 Korea
042-931-7839 (Tele)
042-931-6599 (Fax)

Chris J.H. King
Haleside
65 Hale Road
Hale Altrincham
Cheshire, WA15 9HP UK
0161 929 0063 (Tele)
01782-74113 (Fax)
eda22@keele.ac.uk

Helen L. King
Department of Geology
Univ. of Southampton
European Way
Southampton SOI4 32H UK
44 1703 592062 (Tele)
44 1703 593052 (Fax)
h.king@soc.soton.ac.uk

Barbara A. Kirk
2045 Doral Street
McMinnville, OR 97128 USA
kirkfarb@pnn.com

Barbara Klemm
College of Education
1776 U Ave
Honolulu, HI 68822 USA
808-956-6822 (Tele)
808-956-4114 (Fax)
klemm@hawaii.edu

Steve C. Kluge
12 Whittier Hills Drive
North Salem, NY 10560 USA
914-241-6064 (Fax)

Michael J. Kuetemeyer
1615 N. Philip Street
Philadelphia, PA 19122 USA
215-425-1251 (Tele)
mikek@astro.temple.edu

Yoshisuke Kumano
College of Education
Shizuoka University
836 Ohya Shizuoka-Shi 422 Japan

Jean LeBer
European Space AGency
Robert Bosch Str. 5
Darmstadt D64293 Germany
49 6151 902534 (Tele)
49-6151 903082 (Fax)
jleber@esoc.esa.de

Hyo N. Lee
Dept of Earth Sci Ed
Cheongwon Chungbok 363-791
Korea
82-431-230-3794 (Tele)
82-431-232-7176 (Fax)
leehn@cc-sun.knue.ac.kr

Gary B. Lewis
AGSO Geoscience Education
GPO Box 378
Canberra ACT 2601 Australia
61 6 249 9570 (Tele)
61 6 249 9982 (Fax)
glewis@agso.gov.au

Reinaldo Lorandi
Rodovia Washington Luis, Km. 235-CP 676
Sao Carlos, Sao Paulo Brazil
55-16-2748262 (Tele)
55-16-2748259 (Fax)
lorandi@power.ufscar.br

Larry K. Lowrance
Box 4545
Department of Education
Clarksville, TN 37044 USA
615-648-6153 (Tele)
615-648-5991 (Fax)
lowrance@apsuOl.apsu.edu
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Beverly T. Lynds
UCAR
P.O. Box 3000
Boulder, CO 80394 USA
303-497-8690 (Fax)
blynds@unidata.ucar.edu

Arlei B. Macedo
Dept. de Geologia
University of Sao Paulo
Rua do Lago, 562-05508-900
Sao Paulo, Brazil
55-11-818-4231 (Tele)
55-11-818-4207 (Fax)
abmacedo@usp.br

Farzad Mahootian
5164 Fulton St NW
Washington, DC 20016 USA
202-966-8588 (Tele)
202-336-7164 (Fax)
farzad@circles.org

Kepa Maly
Kumu Pono Associates
Hilo, Hawai'i USA

Luis Marques
Department de Didactiia e
Technologia Educativa
University of Aviero
3800 Aveiro Portugal
34-370352 (Tele)
34-370219 (Fax)
Imarques@cifop.ua.pt

Fred C. Marshall
Earth Sciences
Elsah, IL 62028 USA
618-374-5281 (Tele)
618-374-5122 (Fax)
fcm@prin.edu

Manuel Martinez
Instituto de la Ciencias de la Tierra
Apartado 3895
Carmelitas Caracas, 1010-A
Venezuela
58 2 6052200 (Tele)
58 2 6052201 (Fax)
manmarti@strix.ciens.ucv.ve

Yoshiaki Matsuda
4-7-3-5 Miyanomori, Chuo-ku
Sapporo Hokkaido 064 Japan
011-631-4406 (Tele)
011-631-9473 (Fax)

Victor J. Mayer
Dept of Geological Science
The Ohio State University
125 S. Oval Mall
Columbus, OH 43210 USA
614-292-4291 (Tele)
614-292-7432 (Fax)
mayer.4@osu.edu

Ann B. McCartney
Department of Geology
Georgia State University
University Plaza
Atlanta, GA 30303 USA
404-651-2272 (Tele)
404-651-1376 (Fax)
geoabm@panther.gsu.edu

Floyd W. McCoy
Windward Comm. College
45-720 Keaahala Rd.
Kaneoho, HI 96744 USA
808-235-7316 (Tele)
808-247-5362 (Fax)
fmccoy@hawaii.edu

Brad McGavock
100 East Boyd, Suite 1210
Norman, OK 73019 USA
405-325-3207 (Tele)
405-2510 (Fax)
bmcg@hoth.gcn.ou.edu

Elaine McGee
Center for Science Education
University of South Carolina
Columbia, SC 29208 USA
808-777-6920 (Tele)
808-777-8267 (Fax)
esmcgee@sc.edu

James F. Moir
Condut Science Bldg, Rm 210
Bridgewater College
Bridgewater, MA 02325 USA
508-697-1200 x 2100 (Tele)
508-697-1785 (Fax)
jmoir@bridgew.edu

Maureen B. Moir
Hart Hall, Room 139
Bridgewater, MA 02325 USA
508-697-1200 x 2385 (Tele)
508-697-1771 (Fax)
mmoir@bridgew.edu

Alan V. Morgan
Dept of Earth Sciences
University of Waterloo
Waterloo, Ontario N2L 3G1 Canada
519-747-4049 (Tele)
519-746-0183 (Fax)
avmorgan@uwaterloo.ca

Debora D. Mosher
2019 Fox's Lair Trail
Norfolk, VA 23518 USA
757-857-4754 (Tele)
757-496-6731 (Fax)
ddcmosher@msn.com
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Brett D. Moulding
Utah State Office of Education
250 E. 500 South
Salt Lake City, UT 84111 USA
801-538-7791 (Tele)
801-538-7769 (Fax)
brett.mou1ding@usoe.k12.ut.us

David W. Myburgh
Department of Geography
University of the Western Cape
PB 17
Bellville, Western Cape 7535
South Africa
021 9592259 (Tele)
021 9593422 (Fax)
dmyburgh@artso.uwc.ac.za

Yoshiaki Nakano
1-13-10 Tsumori Nishinariku
Osaka, 559 Japan
06-562-5751 (Tele)
06-561-3028 (Fax)
yo4aki@po.iijnet.orjp

Barbara A. Nall
3400 Ontario Drive
Prince George, VA 23875 USA
804-541-8174 (Tele)

Evgeni Nesterov
Herzen State Pedagogical Univ.
Moika 48
St. Petersburg 191186 Russia
7-812-1517238 (Tele)
7-812-1517238 (Fax)

Meredith E. Newman
HC 64 Box 60 BB
Oneonta, NY 13820 USA
607-431-4734 (Tele)
607-431-4374 (Fax)
newmann@hartwick.edu

Bronte K. Nicholls
368 King William Street
Adelaide, S. Australia 5000
Australia
61 8 84104619 (Fax)
667-6920@jmcimail.corn

Stefka G. Nikolova
Marine Science Program
Columbia, SC 29205 USA
803-777-7668 (Tele)
803-777-3935 (Fax)
nik_dva@epoch.geol.sc.edu

Joyce E. Norton
412 Proctor
Graylake, IL 60030 USA

Imasiku A. Nyambe
School of Mines
University of Zambia
P.O. Box 32379
Lusaka, Zambia
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Donald L. Oakley
Dept. of Geology and Physics
302 B Ulmer Hall
Lock Haven, PA 17745 USA
717-893-2047 (Fax)
doakley@eagle.lhup.edu

Susan Oliver
7714 N 126 E Ave
Owasso, OK 74055 USA
918-272-6756 (Tele)
918-272-8111 (Fax)
o8th@busprod.com

Billy C. Oliver
12502 E 79th Ct. N
Owasso, OK 74055 USA
918-272-8111 (Tele)

Nir Orion
Dept. of Science Teaching
Weizmann Institute
Rehovot, 26 100 Israel
972 8 9343796 (Tele)
972-8-9344115 (Fax)
ntorion@wicmail.weizman.ac.il

Norikazu Osumi
Kyoto School of Education
1, Fujinomori-cho Fukakusa
Fushimi-ku Kyoto, 612 Japan
81-75-644-8336 (Tele)
81-75-644-8339 (Fax)
osumi@wsml.kyokyo-u.ac.jp

John R. Ousey
Delaware County Campus
Penn State University
Media, PA 19063 USA
610-892-1466 (Tele)
610-892-1357 (Fax)
jro3@psu.edu

Seong Min Park
231-36 Mo Chungdong
Cheong Ju Chung Buk 361-140
Korea
82-0431-62 (Tele)
82-0431-275-1423 (Fax)

Brad Parkinson
4293 S. 2000 W
Rexburg, ID 83440 USA
208-356-6790 (Tele)
parkinsb@mail.d321.k12.id.us

Dalim K Paul
Indian School of Mines
Dhanbad, Bihar 826004 India
0326-205403 (Tele)
0326-203042 (Fax)
dt@ismine.ernet.in

David C. Penn
P.O. Box 62072
Honolulu, HI 96839 USA
808-956-3512 (Fax)
dave@climate.sec.hawaii.edu

Ian E. Penn
British Geological Survey
Keyworth, Nottss NG12 5GG UK
01159 363604 (Fax)
iep@wpo.nerc.ac.uk

Brian Poelker
1007 Colony Court
Manito, IL 61546 USA
309-968-7916 (Fax)
bpoelker@mail.isbe.state.il.us

Susan E. Postawko
School of Meteorology
University of Oklahoma
100 East Boyd
Norman, OK 73019 USA
405-325-7689 (Fax)
spostawk@rossby.metr.uoknor.edu

Bill A. Prothero
Geology Department
Univ. of Calif. - Santa Barbara
Santa Barbara, CA 93106 USA
805-893-3308 (Tele)
805-893-2314 (Fax)
prothero@magic.ucsb.edu

Philip D. Rabinowitz
Texas A&M University
College Station, TX 77843 USA
409-845-6162 (Fax)
fabinowitz@geosun.tarnu.edu

Darlene Richardson
1244 School Street
Indiana, PA 15701 USA
412-357-2498 (Fax)
drichrdsn@grove.iup.edu

Judith Riestra
Apartado 75055 El Marques
Caracas, 1070-A Venezuela
58 2 228779 (Tele)
58 2 225077 (Fax)
cename@conicit.ve

Jacqueline Rivault
Departmement de Sciences de la Terre
AV. F. Roosevelt
Paris 75008 France
33 01 40 81 81 (Fax)

James H. Roark
NASA GSFC
Code 921 SSAI
Greenbelt, MD 20771 USA
301-286-5074 (Tele)
301-286-1616 (Fax)
roark@denali.gsfc.nasa.gov
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Cary A. Roberts
University of Arizona
Lunar & Planetary Lab. Rm 345
P.O. Box 210092
Tucson, AZ 85721 USA
520-621-8556 (Tele)
520-621-4933 (Fax)
cary@pirl.lpl.arizona.edu

Larry Rodgers
4020 Poplar Lane
Chino Hills, CA 91709 USA
909-861-6227 (Tele)
909-396-0749 (Fax)
lrodgers@clubnet.net

James E. Roland
16201 Buccaneer, Apt #228
Houston, TX 77062 USA
281-461-0175 (Tele)

Deborah Rothberg
National Museum of Natural History
Exhibits, MRC 101
Washington, DC 20560 USA
202-357-1756 (Tele)
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