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color printing, and common image manipulation soft-
ware. Perhaps the primary drawbacks of anaglyph im-
ages include visualization problems with primary colors
(such as flowers, bright clothing, or blue sky) and dis-
tortion factors in large depth-of-field images. However,
anaglyphs are more versatile than polarization tech-
niques since they can be printed, displayed on computer
screens (such as on websites), or projected with a sin-
gle projector (as slides or digital images), and red and
cyan viewing glasses cost less than polarization glasses
and other 3-D viewing alternatives. Anaglyph images
are especially well suited for most natural landscapes,
such as views dominated by natural earth tones (grays,
browns, greens), and they work well for sepia and black
and white images (making the conversion of historic
stereo photography into anaglyphs easy). We used a
simple stereo camera setup incorporating two digital
cameras with a rigid base to photograph landscape
features in national parks (including arches, caverns,
cactus, forests, and coastlines). We also scanned his-
toric stereographic images. Using common digital im-
age manipulation software we created websites featur-
ing anaglyphs of geologic features from national parks.
We used the same images for popular 3-D poster dis-
plays at the U.S. Geological Survey Open House 2003
in Menlo Park, CA. Anaglyph photography could easily
be used in combined educational outdoor activities and
laboratory exercises.
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A core requirement for most undergraduate degrees

in the Earth sciences is a course in field geology, which
provides students with training in field science method-
ologies, including geologic mapping. The University
of Michigan Geological Sciences’ curriculum includes
a seven-week, summer field course, GS-440, based out
of the university’s Camp Davis Geologic Field Station,
near Jackson, WY. Such field-based courses stand to
benefit tremendously from recent innovations in In-
formation Technology IT , especially in the form of
increasing portability, new haptic interfaces for per-
sonal computers, and advancements in Geographic In-
formation System GIS software. Such innovations are
enabling in-the-field, real-time access to powerful data
collection, analysis, visualization, and interpretation
tools. The benefits of these innovations, however, can
only be realized on a broad basis when the IT reaches
a level of maturity at which users can easily employ it
to enhance their learning experience and scientific ac-
tivities, rather than the IT itself being a primary focus
of the curriculum or a constraint on field activities.
The GeoPad represents a combination of these novel
technologies that achieves that goal. The GeoPad con-
cept integrates a ruggedized Windows XP TabletPC
equipped with wireless networking, a portable GPS
receiver, digital camera, microphone-headset, voice-
recognition software, GIS, and supporting, digital, geo-
referenced data-sets. A key advantage of the GeoPad
is enabling field-based usage of visualization soft-
ware and data focusing on 3D geospatial relationships
developedaspartofthecomplementaryGeoW allinitiative,
which provides a powerful new tool for enhancing and
facilitating undergraduate field geology education,
as demonstrated during the summer 2003 session of
GS-440. In addition to an education in field method-
ologies, students also gain practical experience using
IT that they will encounter during their continued
educational, research, or professional careers. This
approach is immediately applicable to field geology
courses elsewhere and indeed to other field-oriented
programs e.g., inbiology, archeology, ecology, given
similar needs.
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Investigating the subsurface at scales relevant to en-
vironmental remedial investigations can be complicated
in areas that have been repeatedly glaciated or com-
plicated by the presence discontinuous frozen ground
and fractured bedrock. Ground water flow and con-
taminant migration pathways are very hard to infer in
such heterogeneous aquifers characterized by a complex
system of juxtaposed hydrogeological facies. Our in-
vestigations have merged using near-surface geophysi-
cal surveys with complex three-dimensional geological
modeling using EarthVision at various sites in Alaska
to assist with better delineating possible groundwater
and potential contaminant migration pathways to as-
sist with remedial investigations. These modeling ef-
forts provide a three-dimensional framework to assist
with remediation decision-making. Site characteriza-
tion data were acquired from near-surface seismic re-
fraction tomography, DC resistivity surveys, ground
penetrating radar profiles, deep borehole drilling, hy-
drological modeling, and water quality observations.
These data are synthesized to develop a conceptual
model of local geology in the context of regional record;
the conceptual model is then used as the basis to de-
velop a three-dimensional model of subsurface condi-
tions by modeling the data using EarthVision soft-
ware.
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Remarkably few students enrolled in introductory
earth science courses have any intention of continuing
in earth science, and for most students, these classes
are often the last science course they will take in their
academic careers. These students would be better
served, if the course was instead designed to be a ’con-
cluding’ science course. One that explicitly provided
students with the knowledge they need to become more
informed citizens in the global community. The Univer-
sity of Minnesota is attempting to develop a national
model of an effective ’concluding’ earth science course
by integrating three essential approaches: use of re-
gional case studies to increase student comprehension;
a comprehensive evaluation of students’ prior knowl-
edge, misconceptions and post-instructional knowledge
that is woven throughout the project; and, an ambi-
tious use of ’GeoWall’ stereo projection systems to fa-
cilitate the students’ use of maps and data sets and
level the classroom playing field with regard to spatial
conceptualization. In every discipline there are some
critical skills or assessments that serve as conscious or
unconscious ’gate-keepers’ for progress in that field. In
earth science, map interpretation is probably the criti-
cal restriction curtailing students’ ability to access and
explore course concepts. So much of our discipline’s
information is encoded in maps, that students who are
not innately predisposed to understanding maps find
it difficult to understand much of the course content
and methodology. GeoWall stereo projection systems
can reduce the efficiency of this ’gate-keeping’ process,
allowing students of diverse backgrounds and abilities
to understand map data and succeed in the course. In
doing so, these systems will not only help increase stu-
dents’ scientific literacy, but may also greatly increase
the diversity of students who do go on to consider earth
science as a potential career.
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Mineralogy, like many topics in Earth Sciences, con-

tains inherently three-dimensional topics that are dif-
ficult to teach. Concepts such as crystal symmetry

and forms, Miller indices, the polymerization of sil-
ica tetrahedra and resulting structures of silicate min-
eral groups, and the interaction of light and miner-
als are particularly difficult. Two-dimensional dia-
grams are limited in their effectiveness, and physi-
cal models, while effective, are expensive and do not
work as well in large class settings. The GeoWall
system brings the effectiveness of physical models to
the large classroom. In Fall 2003, we will integrate
the GeoWall into our introductory mineralogy classes
at UCSB using a combination of commercial software,
atomic structure models available on the web, and cus-
tom content created in-house. The commercial soft-
ware SHAPE (www.shapesoftware.com) allows users
to build and display crystal shapes and their sym-
metry. Though not designed for the GeoWall, the
software’s stereopair display mode works perfectly on
the system. Using the Chime web browser plug-in
(www.mdl.com), computer models of silicate minerals
available from the Virtual Museum of Minerals and
Molecules (www.soils.umn.eduvirtual museum) provide
an interactive display of silicate mineral structure that
illustrates the tetrahedral framework. Again, while not
developed for the GeoWall, the Chime plug-in works
seamlessly with the GeoWall hardware. 3-D GeoWall
images that display light paths through minerals, and
reveal relationships between crystal symmetry and op-
tical indicatrix properties, have been developed in-
house using a combination of SHAPE and 3D model-
ing software. The 3-D GeoWall images should convey
in an instant these difficult concepts that students his-
torically have struggled to visualize. Initial assessment
of the GeoWall’s effectiveness as a mineralogy teaching
aid at UCSB in Fall 2003 will come from the instruc-
tor’s impressions and by comparing test scores with
classes from previous years.
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A community digital library provides support for
ingestion, organization, description, preservation, and
access of digital entities. The technologies that tra-
ditionally provide these capabilities are digital li-
braries (ingestion, organization, description), persis-
tent archives (preservation) and data grids (access).
We present a design for the SCEC community digital
library that incorporates aspects of all three systems.
Multiple groups have created integrated environments
that sustain large-scale scientific data collections. By
examining these projects, the following stages of imple-
mentation can be identified:

� Definition of semantic terms to associate with
relevant information. This includes defini-
tion of uniform content descriptors to describe
physical quantities relevant to the scientific
discipline, and creation of concept spaces to
define how the uniform content descriptors are
logically related.

� Organization of digital entities into logical col-
lections that make it simple to browse and
manage related material.

� Definition of services that are used to access
and manipulate material in the collection.
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� Creation of a preservation environment for the
long-term management of the collection.

Each community is faced with heterogeneity that is in-
troduced when data is distributed across multiple sites,
or when multiple sets of collection semantics are used,
and or when multiple scientific sub-disciplines are fed-
erated. We will present the relevant standards that
simplify the implementation of the SCEC community
library, the resource requirements for different types
of data sets that drive the implementation, and the
digital library processes that the SCEC community li-
brary will support. The SCEC community library can
be viewed as the set of processing steps that are re-
quired to build the appropriate SCEC reference data
sets (SCEC approved encoding format, SCEC approved
descriptive metadata, SCEC approved collection orga-
nization, and SCEC managed storage location). Each
digital entity that is ingested into the SCEC commu-
nity library is processed and validated for conformance
to SCEC standards. These steps generate provenance,
descriptive, administrative, structural, and behavioral
metadata. Using data grid technology, the descriptive
metadata can be registered onto a logical name space
that is controlled and managed by the SCEC digital
library. A version of the SCEC community digital li-
brary is being implemented in the Storage Resource
Broker. The SRB system provides almost all the fea-
tures enumerated above. The peer-to-peer federation
of metadata catalogs is planned for release in Septem-
ber, 2003. The SRB system is in production use in
multiple projects, from high-energy physics, to astron-
omy, to earth systems science, to bio-informatics. The
SCEC community library will be based on the defini-
tion of standard metadata attributes, the creation of
logical collections within the SRB, the creation of ac-
cess services, and the demonstration of a preservation
environment. The use of the SRB for the SCEC digi-
tal library will sustain the expected collection size and
collection capabilities.

URL: http://www.sdsc.edu/SCEC/AGU
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Modern laptop computers, and personal computers,
can provide capabilities that are, in many ways, com-
parable to workstations or departmental servers. How-
ever, this doesn’t mean we should run all computations
on our local computers. We have identified several situ-
ations in which it preferable to implement our seismo-
logical application programs in a distributed, server-
based, computing model. In this model, application
programs on the user’s laptop, or local computer, in-
voke programs that run on an organizational server,
and the results are returned to the invoking system.
Situations in which a server-based architecture may be
preferred include: (a) a program is written in a lan-
guage, or written for an operating environment, that
is unsupported on the local computer, (b) software li-
braries or utilities required to execute a program are
not available on the users computer, (c) a computa-
tional program is physically too large, or computation-
ally too expensive, to run on a users computer, (d) a
user community wants to enforce a consistent method
of performing a computation by standardizing on a sin-
gle implementation of a program, and (e) the computa-
tional program may require current information, that
is not available to all client computers. Until recently,
distributed, server-based, computational capabilities
were implemented using client/server architectures. In
these architectures, client programs were often written
in the same language, and they executed in the same
computing environment, as the servers. Recently, a new
distributed computational model, called Web Services,
has been developed. Web Services are based on Inter-
net standards such as XML, SOAP, WDSL, and UDDI.
Web Services offer the promise of platform, and lan-
guage, independent distributed computing. To inves-
tigate this new computational model, and to provide
useful services to the SCEC Community, we have im-
plemented several computational and utility programs
using a Web Service architecture. We have hosted
these Web Services as a part of the SCEC Commu-
nity Modeling Environment (SCEC/CME) ITR Project
(http://www.scec.org/cme). We have implemented

Web Services for several of the reasons sited previ-
ously. For example, we implemented a FORTRAN-
based Earthquake Rupture Forecast (ERF) as a Web
Service for use by client computers that don’t support
a FORTRAN runtime environment. We implemented
a Generic Mapping Tool (GMT) Web Service for use
by systems that don’t have local access to GMT. We
implemented a Hazard Map Calculator Web Service to
execute Hazard calculations that are too computation-
ally intensive to run on a local system. We imple-
mented a Coordinate Conversion Web Service to en-
force a standard and consistent method for converting
between UTM and Lat/Lon. Our experience developing
these services indicates both strengths and weakness in
current Web Service technology. Client programs that
utilize Web Services typically need network access, a
significant disadvantage at times. Programs with sim-
ple input and output parameters were the easiest to im-
plement as Web Services, while programs with complex
parameter-types required a significant amount of addi-
tional development. We also noted that Web services
are very data-oriented, and adapting object-oriented
software into the Web Service model proved problem-
atic. Also, the Web Service approach of converting data
types into XML format for network transmission has
significant inefficiencies for some data sets.

URL: http://www.scec.org/cme
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As near-real-time sensor grids become more
widespread, and processing systems based on them
become more powerful, summarizing the raw and de-
rived information products and delivering them to the
end user become increasingly important both for ongo-
ing monitoring and as a platform for cross-disciplinary
research. We have re-engineered the dbrecenteqs
program, which was designed to express real-time
earthquake databases into dynamic web pages, with
several powerful new technologies. While the applica-
tion is still most fully developed for seismic data, the
infrastructure is extensible (and being extended) to
create a real-time information architecture for numer-
ous signal domains. This work provides a practical,
lightweight approach suitable for individual seismic
and sensor networks, which does not require a full
’web-services’ implementation. Nevertheless, the tech-
nologies here are extensible to larger applications such
as the Storage-Resource-Broker based VORB project.
The technologies included in the new system blend
real-time relational databases as a focus for processing
and data handling; an XML->XSLT architecture as
the core of the web mirroring; PHP extensions to An-
telope (the environmental monitoring-system context
adopted for RoadNET) in order to support complex,
user-driven interactivity; and VRML output for expres-
sion of information as web-browsable three-dimensional
worlds.

URL: http://eqinfo.ucsd.edu/
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Synthetic time histories from large-scale 3D ground

motion simulations generally constitute large ’data’
sets which typically require 100’s of Mbytes or Gbytes
of storage capacity. For the same reason, getting ac-
cess to a researchers simulation output, for example
for an earthquake engineer to perform site analysis, or
a seismologist to perform seismic hazard analysis, can

be a tedious procedure. To circumvent this problem we
have developed a web-based “community model” (web-
sim3D) for the generation, storage, and dissemination
of ground motion simulation results. Websim3D allows
user-friendly and fast access to view and download such
simulation results for an earthquake-prone area. The
user selects an earthquake scenario from a map of the
region, which brings up a map of the area where simula-
tion data is available. Now, by clicking on an arbitrary
site location, synthetic seismograms and/or soil param-
eters for the site can be displayed at fixed or variable
scaling and/or downloaded. Websim3D relies on PHP
scripts for the dynamic plots of synthetic seismograms
and soil profiles. Although not limited to a specific
area, we illustrate the community model for simulation
results from the Los Angeles basin, Wellington (New
Zealand), and Mexico.

URL: http://www.crustal.ucsb.edu/scec/websims/
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The ADS provides access to over 940,000 references
from astronomy and planetary sciences publications
and 1.5 million records from physics publications. It
is funded by NASA and provides free access to these
references, as well as to 2.4 million scanned pages from
the astronomical literature. These include most of the
major astronomy and several planetary sciences jour-
nals, as well as many historical observatory publica-
tions. The references now include the abstracts from all
volumes of the Journal of Geophysical Research (JGR)
since the beginning of 2002. We get these abstracts on
a regular basis. The Kluwer journal Solar Physics has
been scanned back to volume 1 and is available through
the ADS. We have extracted the reference lists from
this and many other journals and included them in the
reference and citation database of the ADS. We have
recently scanning Earth, Moon and Planets, another
Kluwer journal, and will scan other Kluwer journals in
the future as well. We plan on extracting references
from these journals as well in the near future. The ADS
has many sophisticated query features. These allow the
user to formulate complex queries. Using results lists
to get further information about the selected articles
provide the means to quickly find important and rele-
vant articles from the database. Three advanced feed-
back queries are available from the bottom of the ADS
results list (in addition to regular feedback queries al-
ready available from the abstract page and from the
bottom of the results list): 1. Get reference list for
selected articles: This query returns all known refer-
ences for the selected articles (or for all articles in the
first list). The resulting list will be ranked according
to how often each article is referred to and will show
the most referenced articles in the field of study that
created the first list. It presumably shows the most im-
portant articles in that field. 2. Get citation list for
selected articles: This returns all known articles that
cite one or more of the articles in the first list. The
resulting list shows the articles that cite the most ar-
ticles in the first list at the top. The articles with the
most citations are presumably the review articles in the
field of study that created the first list. 3. Get also-
read list for selected articles: This creates a list of ar-
ticles that were also read by the readers of the articles
in the first list. This list will show what articles are
currently being read in the field of study of the first
list and will give an idea of which articles are currently
considered important for this field. Combinations of
these second order queries (e.g. first a citation query
to get the review articles, then a reference query to
get all the references in the review articles) can further
enhance the utility of this new capability. These capa-
bilities provide unprecedented search capabilities that
allow the scientist to search the literature in ways that
have never been available in one system before. The
ADS can be accessed at: http://ads.harvard.edu The
ADS is funded by NASA Grant NCC5-18.

URL: http://ads.harvard.edu
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The study of time-dependent, three-dimensional
natural phenomena like earthquakes can be enhanced
with innovative and pertinent 3D computer graphics.
Here we display seismic data as 3D glyphs (graph-
ics primitives or symbols with various geometric and
color attributes), allowing us to visualize the mea-
sured, time-dependent, 3D wave field from an earth-
quake recorded by a certain seismic network. In addi-
tion to providing a powerful state-of-health diagnostic
of the seismic network, the graphical result presents
an intuitive understanding of the real-time wave field
that is hard to achieve with traditional 2D visualiza-
tion methods. We have named these 3D icons seismo-
glyphs’ to suggest visual objects built from three com-
ponents of ground motion data (north-south, east-west,
vertical) recorded by a seismic sensor. A seismoglyph
changes color with time, spanning the spectrum, to in-
dicate when the seismic amplitude is largest. The spa-
tial extent of the glyph indicates the polarization of
the wave field as it arrives at the recording station.
We compose seismoglyphs using the real time ANZA
broadband data (http://www.eqinfo.ucsd.edu) to un-
derstand the 3D behavior of a seismic wave field in
Southern California. Fifteen seismoglyphs are drawn
simultaneously with a 3D topography map of Southern
California, as real time data is piped into the graphics
software using the Antelope system. At each station
location, the seismoglyph evolves with time and this
graphical display allows a scientist to observe patterns
and anomalies in the data. The display also provides vi-
sual clues to indicate wave arrivals and real-time earth-
quake detection. Future work will involve adding phase
detections, network triggers and near real-time 2D sur-
face shaking estimates. The visuals can be displayed
in an immersive environment using the passive stereo-
scopic Geowall (http://www.geowall.org). The stereo-
graphic projection allows for a better understanding of
attenuation due to distance and earth structure, source
directivity and seismic hazard estimation. Wall sized
displays like the 3.2 mega pixel CRT projection based
Panoram (http://www.siovizcenter.ucsd.edu) and tiled
LCD displays such as the Geowall2 can also be used
for high-resolution display of the data. This work was
started at the Electronic Visualization Laboratory and
received funding from the IRIS Consortium and the Na-
tional Science Foundation.

URL: http://www.eqinfo.ucsd.edu/∼atul/research/
seismoglyphs
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The rapid changes in the geoscience research envi-
ronment have prompted educators to request support
for their efforts to reform geoscience educational prac-
tices. DLESE, the Digital Library for Earth System Ed-
ucation, responds to this request by providing a single
point of access to high-quality educational resources for
teaching about the Earth as a system. DLESE is sup-
ported by the National Science Foundation and is an
operational library used by tens of thousands of educa-
tors every month. DLESE resources include a variety of
media formats, from text-based lesson plans to highly-
sophisticated tools for interactive three-dimensional vi-
sualization of authentic scientific data. The DLESE
community is particularly interested in partnering with

scientific researchers to ensure that the tools of practic-
ing scientists become widely available to geoscience ed-
ucators. Two emerging large-scale scientific efforts, the
GEON project and EarthScope, provide compelling il-
lustrations of the potential of these partnerships. Both
are cutting-edge, cross-disciplinary projects that use
digital tools in a distributed environment to support
scientific investigation. Both have also made a deep
commitment to use these same tools to support geo-
science education, and both are including DLESE as
part of that commitment. Our interactive presentation
will allow users to discover a variety of educational re-
sources and communication services within the library.
We will highlight those library resources and services
that take particular advantage of the digital media to
support new modes of learning and teaching. For ex-
ample, annotation tools allow educators to add tips on
the most effective way to use a specific resource. Data
services will help educators find and use real-time data
to illustrate geoscience phenomena. Multi-dimensional
visualization tools allow students to interact with au-
thentic student data in inquiry-based learning environ-
ment. DLESE will continue to actively collaborate with
scientific research efforts to ensure that the practices
and tools of the research community also support the
needs of geoscience learners and educators.

URL: http://www.dlese.org
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Using News Media Databases
(LexisNexis) To Identify Relevant
Topics For Introductory Earth Science
Classes
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Robert Ridky2 (703 648 4713; rridky@usgs.gov)
1Iowa State University, Dept. Geological and Atmo-

spheric Sciences, 253 Science I, Ames, IA 50011,
United States

2United States Geological Survey, MS104 - 12201 Sun-
rise Valley Drive, USGS Headquarters, Reston, VA
20192, United States
Introductory Earth science courses are undergoing

pedagogical changes in universities across the country
and are focusing more than ever on the non-science
majors. Increasing enrollment of non-science majors
in these introductory Earth science courses demands
a new look at what is being taught and how the con-
tent can be objectively chosen. Assessing the content
and effectiveness of these courses requires a quantita-
tive investigation of introductory Earth science top-
ics and their relevance to current issues and concerns.
Relevance of Earth science topics can be linked to im-
proved students’ attitude toward science and a deeper
understanding of concepts. We have used the Inter-
net based national news search-engine LexisNexis Aca-
demic Universe (http://www.lexisnexis.org/) to select
the occurrence of Earth science terms over the last 12
months, five and ten years both regionally and nation-
ally. This database of term occurrences is being used to
examine how Earth sciences have evolved in the news
through the last 10 years and is also compared with
textbook contents and course syllabi from randomly
selected introductory earth science courses across the
nation. These data constitute the quantitative foun-
dation for this study and are being used to evaluate
the relevance of introductory earth science course con-
tent. The relevance of introductory course content and
current real-world issues to student attitudes is a cru-
cial factor when considering changes in course curricula
and pedagogy. We have examined students’ conception
of the nature of science and attitudes towards science
and learning science using a Likert-scale assessment in-
strument in the fall 2002 Geology 100 classes at Iowa
State University. A pre-test and post-test were admin-
istered to see if the students’ attitudes changed during
the semester using as reference a control group com-
prised of geoscience undergraduate and graduate stu-
dents, and faculty. The results of the attitude survey
have been analyzed in terms of student demographics
and socioeconomic variables (e.g., year in school, gen-
der).

ED32C-1211 1330h POSTER

The Internet as a Platform for Student
Presentations

Alyson L. Ponomarenko (210-458-5449;
aponomarenko@utsa.edu)

Department of Earth and Environmental Science, Uni-
versity of Texas at San Antonio, 6900 North Loop
1604 West, San Antonio, TX 78249, United States
As the number of students enrolled in colleges and

universities across the country increases, both class size
and faculty workloads also increase, and individual stu-
dents slip through wider and wider cracks. Universi-
ties are moving toward web-based technology as a way
to facilitate student learning in an academic environ-
ment that is growing and changing faster than ever.

Faculty web pages, hosted by the faculty’s own inter-
net provider, by the university, or by national services
such as Blackboard or WebCT, are often used to bridge
the gap between faculty and students. Typically, fac-
ulty web pages are used to post syllabi and announce-
ments, to distribute course notes, and to disseminate
student grades, while email replaces office hours as the
preferred method of communication. While this use of
the internet has already begun to transform course in-
struction, it represents only the simplest use of a tool
that has tremendous potential, both in and out of the
classroom. The internet can be used to bring back the
element of personalization that is quickly lost as class
size continues to grow. Much of the material covered
in large introductory science classes is completely new
to students, and they have trouble visualizing new con-
cepts and placing them in context. In smaller classes,
a solution might be to assign papers or projects to
help students become familiar with the new concepts
and new ideas. This is neither feasible nor terribly ef-
fective in large lecture courses. With the innovative
use of web-based technology, student presentations as
a method of learning can be reinvented, with greater
impact for each student. Additional use of internet-
based discussions and chats enables each student to
experience many of their classmate’s presentations in
addition to their own. This use of the web as a me-
dia for storage and presentation of student projects is
well-liked by students. They are able to work together
on projects in large classes otherwise closed to such ac-
tivity, to learn technology that will help them in their
future lives, and ultimately to lose their fear of science
through hands-on experience. Though generally a suc-
cess, it is not without problems, most notably direct
plagiarism from other websites. The interactive poster
session will include the original website, examples of
the best and the worst student presentations, student
comments on the whole experience, as well as insights
on what to do and not to do in your own course.
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Grid-based Visualization Framework
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Advances in science and engineering have put high

demands on tools for high-performance large-scale vi-
sual data exploration and analysis. For example, earth-
quake scientists can now study earthquake phenomena
from first principle physics-based simulations. These
simulations can generate large amounts of data, possi-
bly high spatial resolution, and long time series. Single-
system visualization software running on commodity
machines cannot scale up to the large amounts of data
generated by these simulations. To address this prob-
lem, we propose a flexible and extensible Grid-based
visualization framework for time-critical, interactively
controlled visual browsing of spatially and temporally
large datasets in a Grid environment. Our framework
leverages Grid resources for scalable computation and
data storage to maintain performance and interactivity
with large visualization jobs. Our framework utilizes
Globus Toolkit 2.4 components for security (i.e., GSI),
resource allocation and management (i.e., DUROC,
GRAM) and communication (i.e., Globus-IO) to couple
commodity desktops with remote, scalable storage and
computational resources in a Grid for interactive data
exploration. There are two major components in this
framework—Grid Data Transport (GDT) and the Grid
Visualization Utility (GVU). GDT provides libraries for
performing parallel data filtering and parallel data ex-
change among Grid resources. GDT allows arbitrary
data filtering to be integrated into the system. It also
facilitates multi-tiered pipeline topology construction
of compute resources and displays. In addition to sci-
entific visualization applications, GDT can be used to
support other applications that require parallel pro-
cessing and parallel transfer of partial ordered indepen-
dent files, such as file-set transfer. On top of GDT, we
have developed the Grid Visualization Utility (GVU),
which is designed to assist visualization dataset man-
agement, including file formatting, data transport and
automatic byte swapping. GVU also supports param-
eterized data reduction filters such as point sampling
with scalar range culling, as well as volume cropping,
and down sampling. The GVU framework can be used
to facilitate the parallel execution of existing transfor-
mation filters, such as the VTK marching cubes iso-
surface filter, as well as other custom domain-specific
filters. Our initial implementation supports remote
synthesis of view point independent display lists. This
feature allows the local display machine to control the
view point for reduced view point latency, and multi-
view rendering (e.g., stereo rendering). The poster will
provide an architectural design of the Grid-based visu-
alization framework and its components. We will also
show a brief demo/movie of our work, and how it is be-
ing used to visualize 4D earthquake wave propagation
data.

URL: http://www.globus.org
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An Online Module on Rainfall Runoff
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UT 84322, United States
2Colorado Basin River Forecast Center, 2242 W North

Temple, Salt Lake City, UT 84116, United States
This paper will show an online module designed to

provide a comprehensive and quantitative understand-
ing of infiltration and runoff generation processes. This
module was developed to fulfill National Weather Ser-
vice training needs and is targeted at professionals with
a college degree in science or engineering, and seniors or
graduate students in a hydrologic science or engineering
program. No prior knowledge on Rainfall Runoff Pro-
cesses is required. The module first reviews the mech-
anisms involved in runoff generation and the pathways
water takes moving to streams in different settings.
The physical factors at the land surface that affect
runoff are presented. This leads into a presentation of
soil properties fundamental to the partitioning of water
inputs at the earth surface and methods and procedures
for the calculation of infiltration at a point. The mod-
ule guides students through the detailed calculations
involved. The module then ends with review of the
simulation of runoff generation in hydrologic models
such as TOPMODEL and the National Weather Service
River Forecast System (NWSRFS). The online material
takes advantage of streaming video and slide presenta-
tions as well as visualizations and computer animations
that focus on key concepts. Substantive supporting ma-
terial is given in the form of a PDF workbook that
serves as a text. There is an online quiz at the end
of each chapter designed to reinforce knowledge of the
material covered in the section. The module compares
answers to the solution and provides feedback. There
is also an online final exam accessible once each chap-
ter quiz has been attempted. The material in the early
parts of the module is qualitative introducing the ter-
minology and conceptual models involved in describing
Rainfall Runoff processes. The latter parts of the mod-
ule require users to perform quantitative calculations
using a spreadsheet program such as Excel or an ad-
vanced engineering or scientific calculator. The module
may be accessed at http://moose.cee.usu.edu/comet

URL: http://moose.cee.usu.edu/comet
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Data and Visualizations in the Southern
California Earthquake Center’s Fault
Information System

Suzanne Perry (213.821.6340; perry@usc.edu)

Southern California Earthquake Center, University of
Southern California 3651 Trousdale Parkway SCI
169, Los Angeles, CA 90089, United States
The Southern California Earthquake Center’s Fault

Information System (FIS) provides a single point of
access to fault-related data and models from multiple
databases and datasets. The FIS is built of computer
code, metadata and Web interfaces based on Web ser-
vices technology, which enables queries and data in-
terchange irrespective of computer software or plat-
form. Currently we have working prototypes of pro-
grammatic and browser-based access. The first gen-
eration FIS may be searched and downloaded live, by
automated processes, as well as interactively, by hu-
mans using a browser. Users get ascii data in plain
text or encoded in XML. Via the Earthquake Informa-
tion Technology (EIT) Interns (Juve and others, this
meeting), we are also testing the effectiveness of query-
ing multiple databases using a fault database ontol-
ogy. For more than a decade, the California Geo-
logical Survey (CGS), SCEC, and the U. S. Geologi-
cal Survey (USGS) have put considerable, shared re-
sources into compiling and assessing published fault
data, then providing the data on the Web. Several
databases now exist, with different formats, datasets,
purposes, and users, in various stages of completion.
When fault databases were first envisioned, the full
power of today’s internet was not yet recognized, and
the databases became the Web equivalents of review pa-
pers, where one could read an overview summation of
a fault, then copy and paste pertinent data. Today,
numerous researchers also require rapid queries and
downloads of data. Consequently, the first components
of the FIS are MySQL databases that deliver numeric
values from earlier, text-based databases. Another es-
sential service provided by the FIS is visualizations of
fault representations such as those in SCEC’s Commu-
nity Fault Model. The long term goal is to provide a
standardized, open-source, platform-independent visu-
alization technique. Currently, the FIS makes available

fault model viewing software for users with access to
Matlab or Java3D. The latter is the interactive LA3D
software of the SCEC EIT intern team, which will be
demonstrated at this session.

URL: http://www.scec.org/FIS
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A Multi-User Model for Effectively
Communicating Research Through
Electronic Media

Jennifer J Hinds1 (1-208-885-9471;
jhinds@uidaho.edu)

Jerry P Fairley1 (jfairley@uidaho.edu)
1University of Idaho, Department of Geological Sci-

ences, Moscow, ID 83843-3022, United States

Electronic media have demonstrated potential for
data exchange, dissemination of results to other scien-
tists, communication with community interest groups,
and education of the general public regarding scientific
advances. Few researchers, however, receive training in
the skills required to capture the attention of the broad
spectrum of Internet users. Because different people
assimilate information in different ways, effective com-
munication is best accomplished using an appropriate
mix of photographs, graphics, tables, and text. In ad-
dition, effective web page design requires a clear, con-
sistent organizational structure, easily-navigated lay-
out, and attention to details such as page printability,
downloading time, and minimal page scrolling. One
of the strengths of electronic media is that the user
can chose an appropriate level of involvement for his
or her interest. In designing a web page for the multi-
disciplinary NSF/EPSCoR ”Biocomplexity in Extreme
Environments” project, we divided potential users into
three categories based on our perception of the level of
detail they required: 1) project participants, 2) non-
participants with technical backgrounds, and 3) the
general public. By understanding the needs and expec-
tations of potential viewers, it was possible to present
each group with an appropriate balance of visual and
textural elements. For example, project participants
are often most interested in raw data, which can be ef-
fectively presented in tabular format. Non-participants
with technical backgrounds are more interested in ana-
lyzed data, while a project overview, presented through
photographs and graphics with minimal text, will be
most effective for communicating with the general pub-
lic. The completed web page illustrates one solution for
effectively communicating with a diverse audience, and
provides examples for meeting many of the challenges
of web page design.

URL: http://www.uidaho.edu/biogeochemistry
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The Visual Geophysical Exploration
Environment: A Multi-dimensional
Scientific Visualization
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2University Corporation for Atmospheric Research
(UCAR), Unidata Program Center PO Box 3000,
Boulder, CO 80307-3000, United States

The Visual Geophysical Exploration Environment
(VGEE) is an online learning environment designed to
help undergraduate students understand fundamental
Earth system science concepts. The guiding principle
of the VGEE is the importance of hands-on interac-
tion with scientific visualization and data. The VGEE
consists of four elements: 1) an online, inquiry-based
curriculum for guiding student exploration; 2) a suite
of El Nino-related data sets adapted for student use;
3) a learner-centered interface to a scientific visualiza-
tion tool; and 4) a set of concept models (interactive
tools that help students understand fundamental sci-
entific concepts). There are two key innovations fea-
tured in this interactive poster session. One is the in-
tegration of concept models and the visualization tool.
Concept models are simple, interactive, Java-based il-
lustrations of fundamental physical principles. We de-
veloped eight concept models and integrated them into
the visualization tool to enable students to probe data.
The ability to probe data using a concept model ad-
dresses the common problem of transfer: the difficulty
students have in applying theoretical knowledge to ev-
eryday phenomenon. The other innovation is a visu-
alization environment and data that are discoverable
in digital libraries, and installed, configured, and used
for investigations over the web. By collaborating with
the Integrated Data Viewer developers, we were able to
embed a web-launchable visualization tool and access

to distributed data sets into the online curricula. The
Thematic Real-time Environmental Data Distributed
Services (THREDDS) project is working to provide cat-
alogs of datasets that can be used in new VGEE cur-
ricula under development. By cataloging this curric-
ula in the Digital Library for Earth System Education
(DLESE), learners and educators can discover the data
and visualization tool within a framework that guides
their use.

URL: http://www.dpc.ucar.edu/vgee/index.htm

ED32C-1217 1330h POSTER

The Challenges and Benefits of Using
Computer Technology for
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The advent of the World Wide Web in the early
1990s not only revolutionized the exchange of ideas and
information within the scientific community, but also
provided educators with a new array of teaching, in-
formational, and promotional tools. Use of computer
graphics and animation to explain concepts and pro-
cesses can stimulate classroom participation and stu-
dent interest in the geosciences, which has historically
attracted students with strong spatial and visualiza-
tion skills. In today’s job market, graduates are ex-
pected to have knowledge of computers and the abil-
ity to use them for acquiring, processing, and visually
analyzing data. Furthermore, in addition to promot-
ing visibility and communication within the scientific
community, computer graphics and the Internet can
be informative and educational for the general public.
Although computer skills are crucial for earth science
students and educators, many pitfalls exist in imple-
menting computer technology and web-based resources
into research and classroom activities. Learning to use
these new tools effectively requires a significant time
commitment and careful attention to the source and
reliability of the data presented. Furthermore, educa-
tors have a responsibility to ensure that students and
the public understand the assumptions and limitations
of the materials presented, rather than allowing them
to be overwhelmed by ”gee-whiz” aspects of the tech-
nology. We present three examples of computer tech-
nology in the earth sciences classroom: 1) a computer
animation of water table response to well pumping, 2)
a 3-D fly-through animation of a fault controlled valley,
and 3) a virtual field trip for an introductory geology
class. These examples demonstrate some of the chal-
lenges and benefits of these new tools, and encourage
educators to expand the responsible use of computer
technology for teaching and communicating scientific
results to the general public.

URL: http://www.uidaho.edu/∼jhinds/
Geovisualization.html
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Web services offer scientific communities a new
paradigm for sharing research codes and communicat-
ing results. While there are formal technical definitions
of what constitutes a web service, for a user commu-
nity such as the Southern California Earthquake Cen-
ter (SCEC), we may conceptually consider a web ser-
vice to be functionality provided on-demand by an ap-
plication which is run on a remote computer located
elsewhere on the Internet. The value of a web service
is that it can (1) run a scientific code without the user
needing to install and learn the intricacies of running
the code; (2) provide the technical framework which
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allows a user’s computer to talk to the remote com-
puter which performs the service; (3) provide the com-
putational resources to run the code; and (4) bundle
several analysis steps and provide the end results in
digital or (post-processed) graphical form. Within an
NSF-sponsored ITR project coordinated by SCEC, we
are constructing web services using architectural proto-
cols and programming languages (e.g., Java). However,
because the SCEC community has a rich pool of scien-
tific research software (written in traditional languages
such as C and FORTRAN), we also emphasize making
existing scientific codes available by constructing web
service frameworks which wrap around and directly run
these codes. In doing so we attempt to broaden com-
munity usage of these codes. Web service wrapping of
a scientific code can be done using a ”web servlet” con-
struction or by using a SOAP/WSDL-based framework.
This latter approach is widely adopted in IT circles
although it is subject to rapid evolution. Our wrap-
ping framework attempts to ”honor” the original codes
with as little modification as is possible. For versatility
we identify three methods of user access: (A) a web-
based GUI (written in HTML and/or Java applets);
(B) a Linux/OSX/UNIX command line ”initiator” util-
ity (shell-scriptable); and (C) direct access from within
any Java application (and with the correct API inter-
face from within C++ and/or C/Fortran). This poster
presentation will provide descriptions of the follow-
ing selected web services and their origin as scientific
application codes: 3D community velocity models for
Southern California, geocoordinate conversions (lati-
tude/longitude to UTM), execution of GMT graphical
scripts, data format conversions (Gocad to Matlab for-
mat), and implementation of Seismic Hazard Analysis
application programs that calculate hazard curve and
hazard map data sets.
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Facilitating Communication of
Geoscientists’ Conceptual Mental
Imagery at the U.C.S.B. Educational
Multimedia Visualization Center
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2Alexandria Digital Earth Prototype (ADEPT), Univ.
of California at Santa Barbara, Dept. of Computer
Science, Santa Barbara, CA 93106, United States

Professional geoscientists tend to have specific,
elaborate ”mental cartoons” that encapsulate their
conceptual understandings of earth processes. The
computer revolution has made it possible for this men-
tal imagery to be illustrated and animated in ways not
previously possible, while the development of the Inter-
net is making it easily shared. The power of this new
communication mode for both research communication
and for education at all levels and venues is only be-
ginning to be exploited. The Educational Multimedia
Visualization Center at U.C.S.B. is devoted to creat-
ing conceptual animations and imbedding them in con-
textual images (maps, photographs, diagrams, etc.) in
order to facilitate this revolution in visual communica-
tion. Projects are created for both in-house researchers
and for visitors to the center. Recent project topics in-
clude numerous plate tectonic processes and histories
(global, regional, and local), geological histories, vol-
canic processes and specific volcanic histories, coastal
processes, geological manifestations of the ice ages (in-
cluding the Black Sea flood), formation and trapping
of petroleum, and others.

URL: http://emvc.geol.ucsb.edu
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The U.S. Geological Survey (USGS) Earth-
quake Hazards Program (EHP) website

(http://earthquake.usgs.gov/) focuses on 1) earth-
quake reporting for informed decisions after an earth-
quake, 2) hazards information for informed decisions
and planning before an earthquake, and 3) the ba-
sics of earthquake science to help the users of the
information understand what is presented. The ma-
jority of website visitors are looking for information
about current earthquakes in the U.S. and around
the world, and the second most visited portion of the
website are the education-related pages. People are
eager for information, and they are most interested
in “what’s in my backyard?” Recent and future web
developments are aimed at answering this question,
making the information more relevant to users, and
enabling users to more quickly and easily find the in-
formation they are looking for. Recent and/or current
web developments include the new enhanced Recent
Global Earthquakes and U.S. Earthquakes webpages,
the Earthquake in the News system, the Rapid Accu-
rate Tectonic Summaries (RATS), online Significant
Earthquake Summary Posters (ESP’s), and the U.S.
Quaternary Fault & Fold Database, the details of
which are covered individually in greater detail in
this or other sessions. Future planned developments
include a consistent look across all EHP webpages, an
integrated one-stop-shopping earthquake notification
(EQMail) subscription webpage, new navigation tabs,
and a backend database allowing the user to search
for earthquake information across all the various EHP
websites (on different webservers) based on a topic or
region. Another goal is to eventually allow a user to
input their address (Zip Code?) and in return receive
all the relevant EHP information (and links to more
detailed information) such as closest fault, the last
significant nearby earthquake, a local seismicity map,
and a local hazard map, for example. This would
essentially be a dynamic report based on the entered
location. This type of “what’s in my backyard?” in-
formation would be of great benefit to both various
organizations, such as insurance agencies and building
contractors, and the general public.

URL: http://earthquake.usgs.gov
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Since January 2002, I have developed a new type of
interactive web site for scientific news and communica-
tions about volcanic activities on the Earth and in our
solar system. With the help of a small team (includ-
ing an illustrator) based in GEOTOP at the Univer-
sity of Quebec in Montreal, I have created a monthly
French language site on volcanoes including ongoing ac-
tivity. Our multimedia site www.vickivolka.uqam.ca,
combines open-style scientific news, including texts and
pictures with scientific explanations. The originality
lies in both the content and site structure. The monthly
renewals inform the public on volcanic news but also
on academic research and scientific experiments that
young people can perform at home. We thus link break-
ing volcanic news with a deeper understanding of the
processes and knowledge. Another original aspect is
the use of fictional characters (Vicki and Anaky) who
present the news and describe their adventures dur-
ing the volcanic trips (volcanological, geographical, his-
toric contents). Additional sections include interactive
functions. Based on the success of this web site (pub-
lished at the moment in French) - as evidenced notably
by numerous primary school visits - we are planning to
translate it in English very soon. This mixture of fic-
tion with real world stories and scientific knowledge is
an unusual effort by practising researchers and collab-
orators to strengthen links between the academic world
and the general public, especially with children and ed-
ucators.
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The Electronic Encyclopedia of
Earthquakes

Mark Benthien1 (213-740-0323; benthien@usc.edu)

John Marquis1 (213-740-9615; marquis@usc.edu)

Thomas Jordan1 (213-821-1237; tjordan@usc.edu)
1Southern California Earthquake Center, 3651 Trous-

dale Parkway, Suite 169, Los Angeles, CA 90814,
United States

The Electronic Encyclopedia of Earthquakes is a
collaborative project of the Southern California Earth-
quake Center (SCEC), the Consortia of Universities
for Research in Earthquake Engineering (CUREE) and
the Incorporated Research Institutions for Seismology

(IRIS). This digital library organizes earthquake infor-
mation online as a partner with the NSF-funded Na-
tional Science, Technology, Engineering and Mathemat-
ics (STEM) Digital Library (NSDL) and the Digital
Library for Earth System Education (DLESE). When
complete, information and resources for over 500 Earth
science and engineering topics will be included, with
connections to curricular materials useful for teach-
ing Earth Science, engineering, physics and mathemat-
ics. Although conceived primarily as an educational
resource, the Encyclopedia is also a valuable portal
to anyone seeking up-to-date earthquake information
and authoritative technical sources. ”E3” is a unique
collaboration among earthquake scientists and engi-
neers to articulate and document a common knowl-
edge base with a shared terminology and conceptual
framework. It is a platform for cross-training scien-
tists and engineers in these complementary fields and
will provide a basis for sustained communication and
resource-building between major education and out-
reach activities. For example, the E3 collaborating
organizations have leadership roles in the two largest
earthquake engineering and earth science projects ever
sponsored by NSF: the George E. Brown Network for
Earthquake Engineering Simulation (CUREE) and the
EarthScope Project (IRIS and SCEC). The E3 vocab-
ulary and definitions are also being connected to a
formal ontology under development by the SCEC/ITR
project for knowledge management within the SCEC
Collaboratory. The E3 development system is now fully
operational, 165 entries are in the pipeline, and the
development teams are capable of producing 20 new,
fully reviewed encyclopedia entries each month. Over
the next two years teams will complete 450 entries,
which will populate the E3 collection to a level that
fully spans earthquake science and engineering. Sci-
entists, engineers, and educators who have suggestions
for content to be included in the Encyclopedia can visit
www.earthquake.info now to complete the ”Suggest a
Web Page” form.

URL: http://www.earthquake.info
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Is Your Class a Natural Disaster? It can
be... The Real Time Earthquake
Education (RTEE) System

Jaime Stallard Whitlock1 (970-491-2986;
jwhitlock@csmate.colostate.edu)

Kevin Furlong2 (814-863-0567;
kevin@geodyn.psu.edu)

1CSMATE - Center for Science Mathematics and
Technology Education, Colorado State University
B301 Natural and Environmental Sciences Building,
Fort Collins, CO 80523, United States

2Department of Geosciences, Pennsylvania State Uni-
versity 540 Deike Building, University Park, PA
16802, United States

In cooperation with the U.S. Geological Survey
(USGS) and its National Earthquake Information Cen-
ter (NEIC) in Golden, Colorado, we have implemented
an autonomous version of the NEIC’s real-time earth-
quake database management and earthquake alert sys-
tem (Earthworm). This is the same system used pro-
fessionally by the USGS in its earthquake response op-
erations. Utilizing this system, Penn State University
students participating in natural hazard classes receive
real-time alerts of worldwide earthquake events on cell
phones distributed to the class. The students are then
responsible for reacting to actual earthquake events,
in real-time, with the same data (or lack thereof) as
earthquake professionals. The project was first imple-
mented in Spring 2002, and although it had an initial
high intrigue and “coolness” factor, the interest of the
students waned with time. Through student feedback,
we observed that scientific data presented on its own
without an educational context does not foster student
learning. In order to maximize the impact of real-time
data and the accompanying e-media, the students need
to become personally involved. Therefore, in collab-
oration with the Incorporated Research Institutes of
Seismology (IRIS), we have begun to develop an online
infrastructure that will help teachers and faculty effec-
tively use real-time earthquake information. The Real-
Time Earthquake Education (RTEE) website promotes
student learning by integrating inquiry-based educa-
tion modules with real-time earthquake data. The first
module guides the students through an exploration of
real-time and historic earthquake datasets to model the
most important criteria for determining the potential
impact of an earthquake. Having provided the students
with content knowledge in the first module, the second
module presents a more authentic, open-ended educa-
tional experience by setting up an earthquake role-play
situation. Through the Earthworm system, we have the
ability to “set off” historical earthquakes (ex. the stu-
dents get alerted, like any other real-time alert, to the
1989 Loma Prieta earthquake). Students are then re-
sponsible for going through a series of tasks mimick-
ing real earthquake response teams. Teacher feedback
compares students’ decisions against the actual deci-
sions of the earthquake professionals, giving student
assessment meaning and validity. Additionally, it sets
up wonderful post-role-play research projects for stu-
dents to investigate the complex, long-term impacts of
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the historical earthquake. The integration of technol-
ogy with education is a critical part of the authentic
science experience. Telecommunication improvements
are making sets of current, robust resources needed for
open-ended investigations increasingly available to stu-
dents. In the RTEE system, the near real-time determi-
nation of earthquake information and subsequent deliv-
ery of that information to earthquake professionals is a
reality that can be shared with students in their class-
rooms. The specific focus of the RTEE system is to
improve the delivery of real-time earthquake education
resources to educators and their students. By coupling
the Earthworm system with relevant high-quality ed-
ucational materials, we hope to provide a critical re-
source for understanding the societal impacts of earth-
quakes.

URL: http://www.csmate.colostate.edu/staff/
whitlock.html
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Enhancing Student Learning in and out
of the Classroom with Electronic
Teaching and Study Aids Built
Around Interactive Groundwater
Visualization Software

William Fish1 (503-725-4278; fishw@cecs.pdx.edu)

Michael McKillip1 (mckillim@cecs.pdx.edu)

Shu-Guang Li2 (lishug@egr.msu.edu)
1Portland State Univ., Dept. of Civ. and Env. Eng.

PO Box 751, Portland, OR 97207, United States

2Michigan State Univ., Dept. of Civ. and Env. Eng.
A133 Engineering Research Complex, East Lansing
48824, United States

Advances in electronic resources allow more re-
alistic student problems, increased student engage-
ment and self learning, and the use of interactive,
exploratory learning. We are using a sophisticated
yet easy-to-use groundwater modeling and visualiza-
tion program (Interactive Groundwater, IGW, Li and
Liu: www.egr.msu.edu/∼lishug/research/igw) to build
packages of innovative tools for instructors and stu-
dents. Equipped with an advanced graphical inter-
face, IGW allows interactive visualization and manip-
ulation of complex, multidimensional subsurface sys-
tems including hydrology, contaminant transport and
assessment of contaminated sites. Two principle prod-
uct packages are the Graphical Teaching Aid (GTA)
and the Student Learning Exercise (SLE), developed
as part of the NSF-supported Virtual Interactive Re-
mediation in the Groundwater Environment (VIRGE).
A GTA is a classroom-presentation guide that includes
text materials for the instructor as well as supporting
electronic IGW files for interactive graphical demon-
strations and discussions in the classroom. Text files
include a conceptual outline and a list of principles to
be examined in the lecture as well as a flexible script
punctuated and illustrated throughout by use of IGW
as a highly interactive ”electronic chalkboard”. The
thorough text guides the instructor in the effective use
of IGW, suggests ideas to engage student interaction,
and provides ways to tailor the interactive presenta-
tion to student needs. An SLE complements the GTA
as an interactive exercise to engage students in dis-
covery learning. As with GTAs, SLEs are designed
for specific levels of classes (undergraduate or gradu-
ate) and specific populations (non-technical, science,
or engineering majors). Text files (background and in-
struction) and IGW files (for problem visualization,
interactive manipulation and solution) are provided.
The SLEs include interactive computer-based exercises
ranging from introductory investigations to extensive,
open-ended investigations comparable to geotechnical
exploration projects or engineering design projects.
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EarthEd Online: Open Source Online
Software to Support Large Courses

William A Prothero (805 893-3308;
prothero@geol.ucsb.edu)

The purpose of the EarthEd Online software project
is to support a modern instructional pedagogy in a
large, college level, earth science course. It is an on-
going development project that has evolved in a large
general education oceanography course over the last
decade. Primary goals for the oceanography course
are to support learners in acquiring a knowledge of
science process, an appreciation for the relevance of
science to society, and basic content knowledge. In
order to support these goals, EarthEd incorporates:
a) integrated access to various kinds of real earth
data (and links to web-based data browsers), b) online
discussions, live chat, with integrated graphics edit-
ing, linking, and upload, c) online writing, reviewing,
and grading, d) online homework assignments, e) on
demand grade calculation, and f) instructor grade
entry and progress reports. The software was cre-
ated using Macromedia Director. It is distributed to

students on a CDROM and updates are downloaded
and installed automatically. Data browsers for plate
tectonics relevant data (“Our Dynamic Planet”), a
virtual exploration of the East Pacific Rise, the World
Ocean Atlas-98, and a fishing simulation game are
integrated with the EarthEd software. The system is
modular which allows new capabilities, such as new
data browsers, to be added. Student reactions to
the software are positive overall. They are especially
appreciative of the on demand grade computation ca-
pability. The online writing, commenting and grading
is particularly effective in managing the large num-
ber of papers that get submitted. The TA’s grade
the papers, but the instructor can provide feedback
to them as they grade the papers, and a record is
maintained of all comments and rubric item grades.
Commenting is made easy by simply “dragging” a se-
lection of pre-defined comments into the student’s text.
Scoring is supported by an integrated scoring rubric.
All assignments, rubrics, etc. are configured in text
files that are downloaded from the course web server.
Students rate the writing assignments as the most
effective learning activity in the course. This project
is in an evaluation and dissemination phase. An open
source model is planned for distribution. For documen-
tation and information about the EarthEd team, see:
http://oceanography.geol.ucsb.edu/Collab/software.html

URL: http://oceanography.geol.ucsb.edu/Collab/
software.html
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The Prototype Interactive
Ground-water Tutor: A New Tool for
Computer Assisted Instruction in
Secondary and Undergraduate-level
Earth and Environmental Science
Education

Geoffrey C. Bohling1 (785-864-2093;
geoff@kgs.ku.edu)

P. Allen Macfarlane1 (dowser@kgs.ku.edu)

Margaret A. Townsend1 (townsend@kgs.ku.edu)

Steven B. Case2 (scase@kancrn.org)
1Kansas Geological Survey, 1930 Constant Avenue

Univesrity of Kansas, Lawrence, KS 66047, United
States

2School of Education, Joseph R. Pearson Hall, Univer-
sity of Kansas, Lawrence, KS 66045, United States

We have developed and are testing the beta ver-
sion of a potentially web-based, interactive Java appli-
cation and accompanying web pages in which students
use their knowledge of ground-water flow principles and
contaminant transport to solve an environmental dis-
aster. The application simulates movement of a plume
from a pipeline break through a shallow alluvial aquifer
towards a major river just upstream from a municipal
water supply intake. The student plays the role of a
consultant hired by the pipeline owner to locate and
remediate the plume at a minimum possible cost and
time. In the plume-finding phase, students place ob-
servation wells on a grid representing the study area
and the simulation returns the contaminant concen-
trations at those locations on the appropriate sample
dates. Once students have located the plume, they are
able to place pumping and injection wells on the board
to begin remediation. The simulation then computes
the movement of particles to the pumping wells and re-
turns a cumulative mass curve at each well, along with
the total mass recovered. The accompanying web pages
provide students with background material on ground-
water flow and transport principles, establish the con-
tamination scenario simulated in the application, and
emphasize the potential ecological and economic im-
pacts of the contamination. The Tutor promotes na-
tional science-education curriculum goals through stu-
dent role-play using science to solve real-world prob-
lems.
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The Windows to the Universe Project:
Using the Internet to Support K-12
Science Education

Lisa Gardiner1 (1-303-497-2594;
egardine@ucar.edu); Roberta Johnson1; Jennifer
Bergman1; Randy Russell1; Julia Genyuk1;
Marina La Grave1

1UCAR Education and Outreach, P.O. Box 3000,
Boulder, CO 80307, United States

The World Wide Web can be a powerful tool for
reaching the public as well as students and teachers
around the world, supporting both formal and infor-
mal science education. The Windows to the Universe
Project, initiated in 1995, provides a case study of ap-
proaches for the use of the web to support earth and
space science education and literacy efforts. Through

the use of innovative approaches such as easy to use
design, multi-level content, and science concepts pre-
sented in a broader background context that includes
connections to culture and the humanities, Windows to
the Universe is an accessible format for individuals of
various ages and learning styles. A large global audi-
ence regularly uses the web site to learn about earth
and space science as well as related humanities content
such as myths from around the world. User surveys
show that the site has over 4 millions users per year,
65 percent of which are K-12 teachers and students.
Approximately 46 percent of users access the site once
per week or more. Recently, we have had the oppor-
tunity to expand our efforts while we continue to up-
date existing content based on new scientific findings
and events. Earth science content on Windows to the
Universe is currently growing with a new geology sec-
tion and development efforts are underway to expand
our space weather content with a new curriculum. Ed-
ucational games allow users to learn about space in a
playful context, and an online journaling tool further
integrates literacy into the learning experience. In ad-
dition, we are currently translating the entire Windows
to the Universe web site into Spanish. We have in-
cluded educators in the project as co-designers from
its inception, and by aggressively utilizing and provid-
ing professional development opportunities for teach-
ers, the web site is now used in thousands of classrooms
around the world. In the past year we have continued
to support K-12 educators by adding to our suite of
classroom activities and leading professional develop-
ment workshops and short courses. Core funding for
the project is provided from the NASA Office of Space
Science Information Technology Research Program, the
NASA Earth Science Enterprise Education Program,
and the National Science Foundation.

URL: http://www.windows.ucar.edu
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Developing Exhibit-based, Interactive
Web Sites to Communicate Science

Paul B. Dusenbery1 (720-974-5822;
dusenbery@colorado.edu)

James Harold1 (720-974-5858; harold@colorado.edu)
1Space Science Institute, 4750 Walnut Street, Suite

205, Boulder, CO 80301, United States

New technologies are transforming the Web from
a static medium to an interactive environment with
tremendous potential for informal education and
inquiry-based investigations. ASTC, the trade asso-
ciation of science museums, gave its 2000 innovation
award to the Exploratorium’s Web page rather than a
physical exhibit. The increased power of the Web as an
informal learning tool is partly the result of technolo-
gies (such as Java, Flash and Shockwave) that allow
the development of inquiry-based, interactive experi-
ences. Web site visitors can now “learn science by do-
ing science.” This report features two online projects
funded by NSF and NASA: MarsQuest Online and the
Space Weather Center. TERC, the Space Science Insti-
tute, and NASA’s Jet Propulsion Laboratory are devel-
oping MarsQuest Online, an interactive, exploration-
based Web site that extends the reach and scope of the
MarsQuest exhibit. The Space Weather Center Web
site is based on the Space Weather Center exhibit that
was developed in partnership with scientists and educa-
tors at NASA/GSFC. Both exhibits represent a tremen-
dous, collaborative effort by scientists, educators, and
designers to communicate the essentials of Mars science
and space weather to the public. As such, the graphics,
text, and story developed for the exhibits represent a
valuable resource that will provide the framework and
base content for the public site. Given that framework,
the Web sites can then expand both the content and
audience of the exhibits in key ways. In particular, the
sites will 1) extend the reach of the exhibit by mak-
ing it available online, 2) extend the scope of the ex-
hibit, linking to the latest imagery and results from
ground and space-based missions, and 3) provide sup-
port and follow-up for the exhibit education programs,
while making materials available to more teachers, par-
ents, and museum educators and docents.

URL: http://www.marsquestonline.org
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Planetary Data in Education: Tool
Development for Access to the
Planetary Data System

Cynthia Hall Atkinson1 (818.354.9017;
Cynthia.H.Atkinson@jpl.nasa.gov)

Paul M. Andres1 (818.354.3251;
Paul.M.Andres@jpl.nasa.gov)

Patricia K. Liggett1 (818.393.0675;
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Leslie L. Lowes1 (818.393.7734;
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Betty.J.Sword@jpl.nasa.gov)
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1Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena, CA 91109, United States

In keeping with NASA’s emphasis on ”inspiring the
next generation of explorers”, the Planetary Data Sys-
tem (PDS) has begun work on a new intuitive web
interface that will provide easy access to data col-
lected by planetary exploration spacecraft. The ulti-
mate goal of this tool is to allow more citizens and stu-
dents to become active participants in the exploration
of space. The simple interface allows the user to define
collections of data based on intuitive search criteria,
such as geographic coordinates, feature names (Valles
Marineris) and features types (craters). The interface
allows the user to download files in numerous image
file formats, including JPEG, TIFF, GIF, BMP, PNG
and raw pixels. The user can access the collection for
subsequent integration with their educational tool or
curriculum. In this session we will describe and demon-
strate the interface and its capabilities, walk through
user scenarios, discuss the relationship of this interface
to the PDS access tools and functions developed for the
scientific community, and discuss the potential for its
utilization in K-14 formal and informal (museums, am-
ateur groups, etc.) settings. The tool discussed in the
session is designed to provide a foundation for access to
planetary data and test for the basic, broad scope needs
of the formal and informal educational communities.

ED32D MCC: 3012 Wednesday
1340h

Education and Outreach Efforts of
Major Research Facilities and
Organizations I (joint with OS, P, T, C)

Presiding: P G Coble, College of
Marine Science, University of South
Florida; H Gröschel, Henrike Gröschel
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The National Center for Atmospheric
Research Education and Outreach
Program: Successes, Lessons Learned,
and the Role of Research Institutions

Roberta M Johnson1 (303 497 2591;
rmjohnsn@ucar.edu)

Susan Foster1 (susanf@ucar.edu)

Linda Carbone1 (lcarbone@ucar.edu)

Sandra Henderson1 (sandrah@ucar.edu)

Rene Munoz1 (munoz@ucar.edu)
1University Corporation for Atmospheric Research,

PO Box 3000, Boulder, CO 80307

The growing consensus that improving science edu-
cation and public science literacy requires the focused
efforts of a wide spectrum of specialists, including sci-
entists, provides the opportunity for national research
centers to develop programs that seek to bring their
unique science perspectives to educators and the pub-
lic. At the National Center for Atmospheric Research
(NCAR) in Boulder, Colorado, we have developed a
multifaceted program for science education and out-
reach designed to bring our science to these audiences
in ways that build on our specialized expertise. Col-
laboration with scientists internal to NCAR, as well as
in the broader University Corporation for Atmospheric
Research community, has lead to numerous education
and outreach projects that bring the results of funded
research projects to the public. Education and out-
reach activities at NCAR include opportunities to en-
gage with the public in informal as well as more formal
settings. Our exhibit and tour program offers topically
focused exhibits, interactive activities, and opportuni-
ties to learn about the science underway at the labo-
ratory. We hold annual events, providing high-energy
science demonstrations and lectures for the public. Our
web sites disseminate extensive resources enabling stu-
dents (K-12 and undergraduate), educators, and the
public to learn on their own about our science, sup-
plemented by interactives and hands-on activities. Our
professional development programs engage middle and
high school educators in standards-based activities and
cutting-edge science content that highlights global and
climate change topics and modeling in the geosciences.
Central to all of these activities is the active participa-
tion of lab scientists and staff, whose personal enthusi-
asm and science expertise enriches the program for our
audiences.

URL: http://www.ncar.ucar.edu/eo/
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Implementing and Supporting Earth
Science Curriculum Reform in
Secondary Schools

Michael J Smith (302-731-7707; msmith@agiweb.org)
The American Geological Institute has been actively
involved in developing earth science curricula for more
thanm 40 years through programs like Earth Science
Sourcebook and the Earth Science Curriculum Project.
Recently, the AGI was funded by the National Science
Foundation to develop curriculum for secondary school
(grades 6-12) that would address the Earth science
and inquiry content standards of the National Science
Education Standards. The EarthComm (high school)
and Investigating Earth Systems (middle school) cur-
riculum programs were developed through funding
from the National Science Foundation and corporate
sponsors of the AGI Foundation, and published for the
2002-2003 schol year. The AGI is now actively involved
in developing and refining systems for supporting the
professional development of teachers who implement
EarthComm and Investigating Earth Systems. The
paper presentation will outline how AGI is supporting
teachers through a combination of web-based programs,
teacher workshops, and DVD and video materials.

URL: http://www.agiweb.org/education/
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K12 Education Program Lessons
Learned at the Center for Earthquake
Research and Information

Gary L Patterson1 (901-678-5264;
patterson@ceri.memphis.edu)

Michelle Dry1 (901-678-1723; mdry@memphis.edu)

1Center for Earthquake Research and Information,
The University of Memphis, 3892 Central, Memphis,
TN 38152, United States

The Center for Earthquake Research and Informa-
tion at the University of Memphis has been commit-
ted to increasing awareness for Seismic Hazard, Earth-
quake Engineering, and Earth Science among Mid-
America’s policy-makers, engineers, emergency man-
agers, the general public, and K-12 teachers and stu-
dents for nearly three decades. During that time we
have learned many lessons related to providing effec-
tive education and outreach programs, especially for K-
12 students. The lessons learned from these activities
may be particularly appropriate for other regions where
large earthquakes occur infrequently but have dispro-
portionately high consequence areas due to low attenu-
ation of seismic waves. Effective education programs in
these settings must provide a consistent message across
many states to a wide variety of socio-economic groups
and professional communities through the leveraged re-
sources of various groups and agencies. It is also ben-
eficial to hire and train staff with K-12 teaching expe-
rience to work directly K-12 education organizations,
and science curriculum coordinators.

URL: http://www.ceri.memphis.edu
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EARTH (Education and Research:
Testing Hypotheses) -Educational
Outreach Efforts by the Monterey
Bay Aquarium Research Institute
(MBARI) and the Monterey Bay
Aquarium (MBA).

George I. Matsumoto1 (831 775 1757;
mage@mbari.org)

Rita Bell2 (831 648 4845; rbell@mbayaq.org)
1Monterey Bay Aquarium Research Institute, 7700

Sandholdt Road, Moss Landing, CA 95039, United
States

2Monterey Bay Aquarium, 886 Cannery Row, Mon-
terey, CA 93940, United States

Recognizing the need to educate the public about
the value of research and help them understand scien-
tific methodology, this collaboration allows us to test
new ideas for public outreach and education. One of
MBARI’s joint projects with MBA, Education and Re-
search: Testing Hypotheses (EARTH) lays new ground-
work, providing teachers with means for integrating
real-time data with existing educational standards and
tested curriculum in an interactive and engaging way.
EARTH will use real-time data from the ocean obser-
vatory to design and test outreach with the Internet as
an interface to scientists, teachers, students, and the
public. Several workshops will be held at MBARI in
2002-2004 bringing educators, scientists, and engineers
together to develop effective educational practices for
access and use of real-time data in preparation for the

deployment of benthic observatories. Participants in-
clude educators from other research institutions, uni-
versities, community colleges, and high schools as well
as MBARI and MBA staff. Initial efforts of EARTH
target high school and undergraduate students, with
the ultimate goal of reaching kindergarten through col-
lege. This presentation will focus on the first two years
of this project looking at lessons learned, current sta-
tus, and plans for the future.

URL: http://www.mbari.org/education/
earthwksp.htm
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Southern California Earthquake Center
(SCEC) Communication, Education
and Outreach Program

Mark L Benthien (213-740-0323; benthien@usc.edu)
Southern California Earthquake Center, 3651 Trous-

dale Pkwy, Suite 169, Los Angeles, CA 90814,
United States

The SCEC Communication, Education, and Out-
reach Program (CEO) offers student research experi-
ences, web-based education tools, classroom curricula,
museum displays, public information brochures, online
newsletters, and technical workshops and publications.
This year, much progress has been made on the de-
velopment of the Electronic Encyclopedia of Earth-
quakes (E3), a collaborative project with CUREE and
IRIS. The E3 development system is now fully oper-
ational, and 165 entries are in the pipeline. When
complete, information and resources for over 500 Earth
science and engineering topics will be included, with
connections to curricular materials useful for teach-
ing Earth Science, engineering, physics and mathemat-
ics. To coordinate activities for the 10-year anniver-
sary of the Northridge Earthquake in 2004 (and be-
yond), the ”Earthquake Country Alliance” is being or-
ganized by SCEC CEO to present common messages,
to share or promote existing resources, and to develop
new activities and products jointly (such as a new ver-
sion of Putting Down Roots in Earthquake Country). The
group includes earthquake science and engineering re-
searchers and practicing professionals, preparedness ex-
perts, response and recovery officials, news media rep-
resentatives, and education specialists. A web portal,
http://www.earthquakecountry.info, is being developed
established with links to web pages and descriptions of
other resources and services that the Alliance members
provide. Another ongoing strength of SCEC is the Sum-
mer Intern program, which now has a year-round coun-
terpart with students working on IT projects at USC.
Since Fall 2002, over 32 students have participated in
the program, including 7 students working with sci-
entists throughout SCEC, 17 students involved in the
USC “Earthquake Information Technology” intern pro-
gram, and 7 students involved in CEO projects. These
and other activities of the SCEC CEO program will be
presented, along with lessons learned during program
design and implementation.

URL: http://www.scec.org
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NASA’s Learning Technology Project:
Developing Educational Tools for the
Next Generation of Explorers

Alan N Federman1 (afederman@mail.arc.nasa.gov)

Patrick J. Hogan1 (phogan@mail.arc.nasa.gov)
1NASA Ames Research Center, MS226-8, Moffett

Field, CA 94035, United States

Since 1996, NASA’s Learning Technology has pio-
neered the use of innovative technology toinspire stu-
dents to pursue careers in STEM(Science, Technology,
Engineering and Math.) In the past this has included
Web sites like Quest and the Observatorium, webcasts
and distance learning courses, and even interactive tele-
vision broadcasts. Our current focus is on development
of several mission oriented software packages, targeted
primarily at the middle-school population, but flexible
enough to be used by elementary to graduate students.
These products include contributions to an open source
solar system simulator, a 3D planetary encyclopedia),
development of a planetary surface viewer (atlas) and
others. Whenever possible these software products are
written to be ’open source’ and multi-platform, for the
widest use and easiest access for developers. Along with
the software products, we are developing activities and
lesson plans that are tested and used by educators in
the classroom. The products are reviewed by profes-
sional educators. Together these products constitute
the NASA Experential Platform for learning, in which
the tools used by the public are similar (and in some
respects) the same as those used by professional investi-
gators. Efforts are now underway to incorporate actual
MODIS and other real time data uplink capabilities.
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