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have had an enormous impact on the geo-  if you were to walk into a classroom, dorm  learning, we have been engaged for several
sciences. Visualization as a technology for room, or laboratory where students are years in the development of tools to make
both investigation and communication working on their homework for a “geo” visualization and data analysis accessible
has become almost ubiquitous. It is diffi- class, the odds of finding them construct- to learners.

cult to walk into the office of a geoscien- ing or analyzing visualizations the way Visualization offers great promise for

education (Gordin and Pea, 1995) for sev-
eral reasons. The same advantages that sci-
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Research Council, 1996). Inquiry activities
allow students to better understand the
practice of science and interpret the
results emerging from scientific research.
“Literacy” with visualization has become
an important skill for both practicing sci-
entists and informed citizens. On the one
hand, the use and manipulation of visual-
ization is growing across a broad range of
scientific disciplines, as well as mathemat-
ics, information processing, and finance.
On the other, images and animations pro-
duced through the techniques of scientific
visualization are becoming increasingly
Figure 1. A WorldWatcher visualization window. common in both the print media and
on television.
It hasn’t been easy to bring visualiza-
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[ : = If you are an earth or environmental sci-
ence teacher at the secondary school or
college level and you want to give your
students the experience of working with
scientific visualization, you have histori-
cally faced a frustrating choice. You can
either teach your students how to use
one of the powerful, general-purpose visu-
alization tools used by scientists, or you
can have them view visualizations with an
image viewer. Teaching students to use sci-
entists’ tools is difficult, if not impossible,
to do with many populations of students

Cureent ——— |
Touse a 15N
location t

i

Current ——— o]
selection it
region

2057 : T B B
180% 130%W 90% 43% o 43E 90E 135E 120E
Longitude

Figure 2. A World-
Watcher diagrammatic
interface to a library of
data illustrating Earth’s

energy budget. Click-
ing on any variable
name in the diagram
brings up a list of
dates to select.
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CALL FOR NOMINATIONS

To reward and encourage teaching excellence in
beginning professors of earth science at the college
level, the Geological Society of America announces:

| THE EIGHTH ANNUAL |

Biggs Award

For Excellence In Earth Science
Teaching For Beginning Professors

ELIGIBILITY: All earth science instructors and faculty at 2-
and 4-year colleges who have been teaching full time for 10
years or less. (Part-time teaching is not counted in the 10 years.)

AWARD AMOUNT: An award of $750 is made possible as a
result of support from the Donald and Carolyn Biggs Fund,
the GSA Geoscience Education Division, and GSA's
Education, Outreach, & Policy Programs. This award also
includes up to $500 in travel funds to attend the award
presentation at the GSA annual meeting.

NOMINATION PROCEDURE: For nomination forms
contact Gwenevere Torres, Project Coordinator, Education,
Outreach, & Policy Programs, Geological Society of America,
P.O. Box 9140, Boulder, CO 80301, gtorres@geosociety.org..

DEADLINE: Nominations and support materials for
the 1999 Biggs Earth Science Teaching Award must be

CALL FOR APPLICATIONS AND NOMINATIONS FOR

Geology Co-Editor

GSA is soliciting applications and nominations for the
position of co-editor of Geology, to serve a three-year term,
beginning in June 1999, as one of a two-editor team.
Desirable characteristics for the successful candidate include:

1. Broad interest and experience in geology;
international recognition

2. Iconoclastic; willing to take risks and try innovations
3. Familiar with many earth scientists and their work
4. Sense of perspective and humor
5. Organized and productive
6. Willing to work closely with GSA headquarters staff
7. Able to make decisions
8. Sense of fairness
9. Familiar with new trends in geoscience

10. Willing to consider nontraditional research in

geosciences

GSA provides the editor with a small stipend as well as
expenses for secretarial assistance, mail, and telephone.

If you wish to be considered, please submit a curriculum
vitae and a brief letter describing why you should be chosen.
If you wish to nominate another, submit a letter of nomina-
tion and the individual’s written permission and c.v. Send
nominations and applications to Peggy S. Lehr, Director of
Publications, Geological Society of America, P.O. Box 9140,
Boulder, CO 80301, by April 14, 1999.

received by April 30, 1999.

and consumes precious time that any
teacher would prefer to devote to learning
science. On the other hand, image view-
ers, while they are easy to use, only allow
students to view visualizations constructed
by others, not to construct, customize, or
manipulate them themselves. In other
words, they do not allow students to work
with visualizations in the way that scien-
tists do. Recognizing the unsatisfactory
nature of both of these alternatives for
most teachers, we set out to create a visu-
alization environment for geographic data
that is designed specifically for students.
Our goal was to create a software environ-
ment that provides the power of scientists’
tools for the creation and customization
of visualizations and the analysis of data,
while providing the support and structure
necessary to make these operations acces-
sible to students at the high school and
college level. Through a three-year, NSF-
funded educational research project,

we developed a geographic visualization
and data analysis program, called World-
Watcher, that achieves this balance.
WorldWatcher has been used successfully
in middle schools, high schools, and col-
leges, requiring no more than 45 minutes
of use to master its primary capabilities.

WorldWatcher

WorldWatcher is a tool for the visual-
ization and analysis of gridded, geographic
data (Fig. 1). The design of WorldWatcher
has been focused on understanding the
supports required by learners to enable
them to engage in meaningful investiga-
tions with geographic data.

To support meaningful inquiries, we
determined that a visualization environ-
ment must support the following opera-
tions:

e Customization of visualizations.
In order to interpret data effectively
through visual representations, learners
must be able to customize those repre-
sentations to highlight important pat-
terns in the data. In WorldWatcher,
users are able to modify the colors used
to represent values, the range of values
displayed, the spatial resolution, and
the magnification of an image.

* Quantitative analysis of data.
While a visual representation can dra-
matically improve a person’s ability to
interpret data, it is not a substitute for
quantitative analytic techniques. World-
Watcher provides tools for simple statis-
tical and arithmetic operations on data.
It also allows users to identify specific
regions within visualizations by specify-
ing selection criteria.

* Alternative representations. Differ-
ent representations of data can support
different forms of analysis. Therefore,
WorldWatcher provides multiple geo-
graphic projections for data, as well as
alternative representations such as his-
tograms, line plots, and scatter plots.

e Record keeping and documenta-
tion. Conducting a successful investiga-
tion requires that students be able to
maintain records of their work. World-
Watcher provides a notebook facility
that allows students to record their
activities in the form of text, images
of visualizations, and hypermedia links
to data. This same notebook facility is
used to provide documentation for
the data and operations available in
WorldWatcher.

These four criteria are not unique to a
tool for students. They reflect the require-
ments for supporting inquiry and apply
equally to scientists’ tools. However, the
goal of supporting science learning adds
additional criteria. Because students lack
the background knowledge that scientists
bring to their use of visualization tools,
WorldWatcher is designed to provide
the additional support students require
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(Edelson and Gordin, 1998). This support
takes several forms. First, visualization
windows provide contextual information
including continent overlays, latitude and
longitude markings, and an active readout
displaying the current cursor location and
underlying data values. Second, all data
files in WorldWatcher are tagged with
default visualization parameters that spec-
ify initial settings for the color scheme,
range, units, and display resolution of the
data. These default values enable learners
to begin the interpretation of unfamiliar
data without needing to identify appropri-
ate visualization parameters first, as a sci-
entist would. Third, WorldWatcher pro-
vides diagrammatic interfaces to its data
libraries (Fig. 2). These diagrammatic inter-
faces play an important instructional role
by visually illustrating the relationships
among variables. Finally, WorldWatcher
provides operations not found in scien-
tists’ tools that were created specifically

to support educational activities. For
example, WorldWatcher contains a facility
that allows users to create new data using
a paint program interface. This facility is
used in learning activities in which learn-
ers “draw” maps to represent the state of
their current understanding of a phe-
nomenon or to represent hypothetical
situations. WorldWatcher also allows
learners to print out cut-and-fold images
of two-dimensional visualizations that
they assemble into three-dimensional
polyhedral “globes.”

In addition to support for students,
the design of WorldWatcher takes into
account the needs of curriculum designers
and teachers. For example, the same note-
book facility that allows students to record
their work was designed to be used by
teachers or curriculum developers to create
electronic “handouts” for students. These
handouts can contain instructions, back-
ground information, and direct links to
data. WorldWatcher also provides a suite
of tools to allow nonprogrammers to

assemble new WorldWatcher data libraries,
build diagrammatic interfaces to these
libraries, and create documentation and
default display parameters for the data in
the libraries. These tools are designed to
enable scientists and curriculum develop-
ers to write new WorldWatcher curriculum
units around any collection of raster (grid-
ded) data.

Global Warming Curriculum

One of the primary curriculum
development efforts for WorldWatcher
has focused on the global warming con-
troversy as a motivating context for earth
and environmental science education.
The Global Warming Project, designed in
a partnership between teachers from the
Chicago public schools and Northwestern
University researchers, exemplifies our
goal of integrating WorldWatcher into
extended classroom investigations of real
scientific issues. Lasting for six to eight
weeks, the Global Warming Project places
middle school and high school students in
the role of scientific advisors to the secre-
tary general of the United Nations, for
help in finding out what the “global
warming” issue really is about and what,
if anything, should be done about it.

To accomplish this goal, students
must investigate how Earth’s climate
works and how to detect any potential
changes brought about by human activi-
ties. In a series of structured activities,
students investigate the meaning of tem-
perature change, the processes of energy
transfer that control the climate on Earth,
and the role of the atmosphere in main-
taining Earth’s climate balance. Along the
way, students present a series of back-
ground briefings on their findings. At the
conclusion of the unit, groups of students
must each advise a specific nation about
the risks that might accompany predicted
global climate change, and they offer con-
crete, scientifically justifiable solutions for
responding to or moderating these effects.

The Global Warming Project combines
hands-on labs, class discussions, computer-

Alternates Receive

1998 Student Research Grants

Each year when the Committee on Research Grants selects student grant recipients they
also select an alternate group of recipients in the event that some of the grantees return
part or all of their funds because they have received funding elsewhere or have changed
their research plans. As the returned funds become available, they are re-awarded by
the Research Grants Administrator to the alternates named by the committee.

In 1998 ten alternates received funding following the initial awarding of grants. They
are: Peter Sak, Pennsylvania State University; Ziya Cetiner, University of Idaho; Kelly
Christin MacGregor, University of California, Santa Cruz; Molly A. Trecker, University of
California, Santa Barbara; Sally L. Letsinger, Indiana University; Andrew J. Hooper, Uni-
versity of North Carolina at Chapel Hill; Christopher M. Jengo, Bowling Green State Uni-
versity; Shafiul H. Chowdhury, Western Michigan University; Yigiao Zou, New Mexico
Institute of Mining and Technology; Garret L. Hart, University of Wisconsin—Madison.

supported investigations of global data
sets, and simple climate models, with role
playing and presentations in order to cre-
ate a realistic setting for the investigation
of hotly debated scientific issues. For exam-
ple, in one set of activities, students con-
duct a traditional laboratory investigation
of the effect of different colored materials
on the absorption of light. They then
apply the knowledge gained through this
lab to global climate processes by investi-
gating WorldWatcher data sets showing
dominant ground cover, surface reflectiv-
ity, and absorbed solar energy for Earth. In
the culminating activity for this part of the
curriculum, they must combine these find-
ings with other information about the
Earth-Sun relationship, and—using graphs
and scientific visualizations to illustrate
their points—explain to the UN secretary-
general the role that solar energy and
physical geography play in determining
surface temperatures. In other parts of the
curriculum, students explore other relevant
processes, such as the carbon cycle and the
greenhouse effect, through similar combi-
nations of computer-based and conven-
tional activities.
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