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successful partners shared classroom and planning re-
sponsibilities in ways that utilized the strengths of each
partner. This promoted greater exchange of scientific
and pedagogical knowledge and experience between the
partners and made the scientist and teacher feel as
though their respective contributions were important.
When both partners felt welcomed, invited, and appre-
ciated, investment in the partnership remained high.
Because it takes time and negotiation to build trust
and commitment, forming partnerships is an iterative
process.
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Pro-

The high northern and southern latitudes of the
earth share an extreme climate, but are vastly different
in their histories, ecological systems and human cul-
tures. Polar regions are increasingly under threat from
climate change, resource extraction, and the collapse of
large-scale marine ecosystems. These systems are im-
portant indicators of human influence on global scale
processes (ozone depletion, global warming) and are
valued for their biodiversity and uniquely adapted cul-
tures. Unfortunately, the polar regions are often poorly
understood by our citizens. Dartmouth College offers
a liberal arts undergraduate education that trains to-
morrow’s leaders in politics, humanities, science and
medicine. Through the Dickey Institute of Arctic Stud-
ies at Dartmouth College, we designed and taught an
undergraduate interdisciplinary course to introduce the
major physical, ecological and human systems of high
latitudes, including the circumpolar northern Arctic re-
gions and the continent of Antarctic and its southern
oceans. Using an interdisciplinary approach we exam-
ined the science, societies, politics and policies that
shape our viewpoint of cold regions. The connections of
the polar regions to global processes and international
issues were emphasized. In this paper we will describe
our use of differing viewpoints to examine varying top-
ics of importance in the polar regions. Starting the
course as a tourist, we proceeded as traveler, explorer,
scientist, resident, and politician to reach our final goal
as informed voter at the end of the semester. A variety
of invited speakers enhanced the course. Hoping before
the course to attract twenty students, the fifty students
enrolled in the course gave us high ratings.
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Exploring the Poles is a First Year Seminar course

taught at Barnard College, Columbia University. First
Year Seminars are required of incoming students and
are designed to encourage critical analysis in a small

Cite abstracts as: Fos.

class setting with focused discussion. The class links
historical polar exploration with current research in or-
der to: introduce non-scientists to the value of envi-
ronmental science through polar literature; discuss is-
sues related to venturing into the unknown that are
of relevance to any discipline: self-reliance, leader-
ship, preparation, decisions under uncertainty; show
students the human face of science; change attitudes
about science and scientists; use data to engage stu-
dents in exploring/understanding the environment and
help them learn to draw conclusions from data; inte-
grate research and education. These goals are met by
bringing analysis of early exploration efforts together
with a modern understanding of the polar environment.
To date to class has followed the efforts of Nansen in
the Fram, Scott and Amundsen in their race to the pole,
and Shackleton’s Endurance. As students read turn-
of-the-century expedition journals, expedition progress
is progressively revealed on an interactive map show-
ing the environmental context. To bring the explo-
ration process to life, students are assigned to expe-
dition teams for specific years and the fates of the stu-
dent “expeditions” are based on their own decisions.
For example, in the Arctic, they navigate coastal sea
ice and become frozen into the ice north of Siberia, re-
creating Nansen’s polar drift. Fates of the teams varied
tremendously: some safely emerged at Fram Strait in 4
years, while others nearly became hopelessly lost in the
Beaufort Gyre. Students thus learn about variability in
the current polar environment through first hand ex-
perience, enabling them to appreciate the experiences,
decisions, and, in some cases, the luck, of polar explor-
ers. Evaluation by the Columbia Center for New Media,
Teaching and Learning shows that combining histori-
cal texts with current data/simulations is an extremely
powerful way of engaging non-scientists in science, and
explaining the role of science and the environment in
decision-making.
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Polar Meteorology: An Interactive
Educational Web Module

Peter S. Guest (831-656-2451; pguest@nps.navy.mil)
Naval Postgraduate School, Department of Meteo-
rology 589 Dyer Raod, Room 254, Monterey, CA
93943-5114, United States
The author has created a public web module that
explores topics related to polar meteorology and cli-
matology. Currently, the module contains sections on
vessel icing, polar climates, climate change and web
resources. The key feature of the web module is in-
teractivity; each section has an exercise that requires
the student to actively participate in his/her education
rather than just absorb information. The climate sec-
tion features active maps of the Arctic and Antarctic
regions; when the user clicks on a region, a plot of the
annual temperature cycle is displayed. The exercise re-
quires the user to analyze factors that control climate
by comparing regions and analyzing the differences in
the temperature patterns. The climate change section
features a global energy balance model that can be run
online in less than two minutes. An easy-to-use online
form is used to provide inputs such as surface albedo,
horizontal advection, solar input and several other geo-
physical parameters into the model. The associated
exercise examines how changes in these inputs affect
global temperatures as a function of time of year and
latitude, sea ice extent and sea ice thickness. All the
exercises feature multiple choice questions with instant
feedback after each question is answered. The module
can and has been used in a stand alone fashion and in
conjunction with other educational materials and me-
dia. This presentation will showcase the module in an
online environment. You may examine the module for
yourself by following the link below.

URL: http://www.weather.nps.navy.mil/ psguest/
polarmet/
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Field courses in remote and extreme environments
immerse students in new and unfamiliar cultural and
environmental settings where the impact from learning
is high and the conventional wisdom, mindsets, and life
skills of students are challenged. Through the Office
of Study Abroad at Michigan State University (MSU),
a new field course for undergraduates entitled Stud-
ies in Antarctic System Science’ embraces these princi-
ples. The three week, 6 credit course will be convened
for the first time during the 2003-04 austral summer
and will feature field based activities and classroom
sessions beginning in Ushuaia, Tierra Del Fuego, Ar-
gentina. The defining experience of the program will
be a cruise of the Antarctic Peninsula on a tourist ship
partnered to the International Association of Antarctic
Tour Operators (IAATO). This cruise will include land-
ings on a daily basis at various sites of interest and
international research stations en route. In 2003-04,
the course will comprise 20 students and three faculty
members from MSU. The non-major course curricu-
lum has been compiled from materials based on orig-
inal research by program faculty, relevant literature,
information obtained directly from the international re-
search community, and the Antarctic tourist industry.
Subject areas will span multiple disciplines including
palaeohistory and ecology, oceanography, climatology,
geology and glaciology, marine, terrestrial and aerobi-
ology, early exploration, policy and management, and
the potential impacts from climate change and humans.
It is intended that the course be repeated on an an-
nual basis and that the curriculum be expanded to in-
clude greater coverage of ongoing research activities,
especially NSF funded research. We welcome contact
and feedback from educators and scientists interested
in this endeavor, especially those who would like to
broaden the impact of their own education interests or
research by offering materials that could enhance the
curriculum of the course and/or create opportunities
for collaboration.

URL: http://www.cevl.msu.edu/ael/projects/
antarctica.html
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Edge of the Arctic Shelf: an Online
Education Expedition
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clinder@whoi.edu)

Woods Hole Oceanographic Institution, WHOI DEPT
PO MS 21, Woods Hole, MA 02543, United States

The Edge of the Arctic Shelf website communicates
scientific results and the beauty of the Arctic Ocean
to a broad audience (junior high to PhD). The web-
site supports the physical oceanographic component
of the Western Arctic Shelf-Basin Interactions Exper-
iment (SBI), an extensive three-year field program in
the Chukchi and Beaufort Seas. The website features
four main segments: expedition overview, daily up-
dates, images and facts, and science highlights. Start-
ing this year (2003), I enlisted ten junior high class-
rooms to participate ”virtually” in the cruise. While at
sea, I received questions from the students via email.
My daily updates incorporated answers to these ques-
tions, plus observations and digital photos of the sci-
I then created the
html and transmitted the pages to our server. In this

ence activities and environment.

fashion, students, scientists, and the general public in-
teracted with our cruise in ”near-real-time.” This pre-
sentation will focus on highlights from the website and
lessons learned.

URL: http://www.whoi.edu/arcticedge
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3 Office of Exhibits, National Museum of Natural His-
tory Smithsonian Institution MRC 101 PO Box
37012, Washington, DC 20013-7012, United States

The Arctic: A Friend Acting Strangely is a new exhibit
being developed at the Smithsonian Institution’s Na-
tional Museum of Natural History (NMNH) as a part
of the museum’s Forces of Change exhibit series on global
change issues. The exhibit will open to the public in
Summer 2004 and is the third component of the series.
The other two components are about El Nino (El Nino’s
Powerful Reach) and atmospheric chemistry (Change is in
the Air). The Arctic exhibit’s underlying theme is that
current global change is causing such rapid shifts in
Arctic weather and the polar environment that it has
become strange,” - or unpredictable - to its residents.
The speed of change in Arctic ice and climate patterns,
ocean and terrestrial ecosystems, and wildlife creates
a great challenge for polar scientists; but it also ad-
vances beyond the experience and memory of northern
indigenous people, who know it so well. The key is-
sues the NMNH team faces in preparing the new exhibit
are: how to document and display the forces and con-
sequences of rapid change; how to make complex scien-
tific processes and research comprehensible to visitors;
and how to engage the general public in the on-going
discussion. Because current shifts in the Arctic envi-
ronment have been observed and recorded in much de-
tail by scientists and Native residents alike, this topic
offers unique opportunities beyond the museum presen-
tation, including outreach through public programs and
the Internet. The exhibit is being developed jointly by
the NMNH Arctic Studies Center and Office of the Ex-
hibits, and in close collaboration with NOAA’ Office
of Arctic Research, NSF’ new Study of Environmental
Arctic Change (SEARCH) initiative, and NASA’s Earth
Science Enterprise. Exhibit components will include
objects, text, graphic panels, video, and a computer
interactive. Special efforts will be made to present the
voices and opinions of Arctic indigenous people who ex-
perience new challenges to their traditional subsistence
activities and face new risks in their daily life. Speci-
mens, artifacts, and photographs from the NMNH and
other museum collections will be used to interpret the
biological and cultural adaptations required to under-
stand the once friendly’ Arctic that is now behaving
strangely.’
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as part of the International Trans
Antarctic Scientific Expedition
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gordon. hamilton@maine.edu)
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1Climate Change Institute, University of Maine, 303
Bryand Global Sciences Center, Orono, ME 04469,
United States
A multi-institutional group of US researchers re-

cently completed four field seasons of overland scien-
tific traverses in West Antarctica as part of the Interna-
tional Trans Antarctic Scientific Expedition (ITASE).
During the four field seasons, numerous glaciological
experiments were conducted with the broad aim of un-
derstanding the past 200 years of Antarctic climate and
environmental history. The culmination of four ex-
peditions and more than 5,000 km of travel was our
arrival at South Pole in January 2003. Outreach ac-
tivities, including teacher workshops and school vis-
its, have been a central part of the US ITASE pro-
gram from the very beginning. At the heart of
our outreach program is a collaboration with the
Boston Museum of Science and their expedition web-
site (http://www.secretsoftheice.org). Besides provid-
ing the usual background scientific information and
educational resources to non-specialist audiences, the
website allowed us to interact with groups directly from
the field with the aid of modern telecommunications.
Our ability to interact daily and provide updates on
our science programs and expedition life were key to
sustaining widespread interest among school students
and other groups.
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Kayt Sunwood (907-450-1626; sunwood@arcus.org)

Wendy K. Warnick! (907-450-1606;
warnick@arcus.org)
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lArccic Research Consortium of the U.S., 3535 Col-
lege Rd. Suite 101, Fairbanks, AK 99709, United
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This presentation will provide a preview of a new
project which explores the potential of applying emerg-
ing educational research in conjunction with the lat-
est polar research through a multifaceted approach de-
signed to weave networks of support and engaged ac-
countability between Arctic researchers, teachers, and
learners. This presentation will outline how Sunwood’s

(2002) WoSEA educational model might be utilized to
facilitate and study methods of engaging and support-
ing teachers and scientists in collaborative Arctic re-
search and pedagogy. The model we are proposing em-
ploys action research methodology to provide educa-
tors and scientists the opportunity to engage in reflec-
tion on their own practice, and enhancement of their
own practice through extensive connection and collab-
oration between education and scientific professionals,
thus contributing to the cumulative development of a
lifelong learning continuum. Owur Weaving the Arctic
project will amplify and enhance the voice, knowledge
and expertise of Arctic researchers and teachers as each
participant explores, shares, and showcases their ex-
perience, knowledge, and the products of their prac-
tice. Weaving thus holds great promise for address-
ing science education needs, particularly the critical
needs surrounding enhancement and retention of STEM
teachers in K-12 (especially rural) schools. This presen-
tation will share the promise of our Weaving model.

URL: http://www.arcus.org
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Live from the Arctic
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For reasons of geography and geophysics, the poles
of our planet, the Arctic and Antarctica, are places
where climate change appears first: they are global
canaries in the mine shaft. But while Antarctica (its
penguins and ozone hole, for example) has been rela-
tively well-documented in recent books, TV programs
and journalism, the far North has received somewhat
less attention. This project builds on and advances
what has been done to date to share the people, places,
and stories of the North with all Americans through
multiple media, over several years.

In a collaborative project between the Arctic Research
Consortium of the United States (ARCUS) and PASS-
PORT TO KNOWLEDGE, Live from the Arctic will
bring the Arctic environment to the public through a
series of primetime broadcasts, live and taped program-
ming, interactive virtual field trips, and webcasts. The
five-year project will culminate during the 2007-2008
International Polar Year (IPY). Live from the Arctic
will:

A. Promote global understanding about the value and
world -wide significance of the Arctic,

B. Bring cutting-edge research to both non-formal and
formal education communities,

C. Provide opportunities for collaboration between arc-
tic scientists, arctic communities, and the general pub-
lic.

Content will focus on the following four themes.

1. Pan-Arctic Changes and Impacts on Land (i.e. snow
cover; permafrost; glaciers; hydrology; species composi-
tion, distribution, and abundance; subsistence harvest-
ing)

2. Pan-Arctic Changes and Impacts in the Sea (i.e.
salinity, temperature, currents, nutrients, sea ice, ma-
rine ecosystems (including people, marine mammals
and fisheries)

3. Pan-Arctic Changes and Impacts in the Atmosphere
(i.e. precipitation and evaporation; effects on humans
and their communities)

4. Global Perspectives (i.e. effects on humans and com-
munities, impacts to rest of the world)

In The Earth is Faster Now, a recent collection of com-
ments by members of indigenous arctic peoples, arctic
residents speak in eloquent terms of the changes they
see around them, manifested in new patterns of veg-
etation, the melting of permafrost and the absence of
game species that used to be abundant. Meanwhile,
new satellites and more sophisticated sensors on the
ground and in the ice, add scientific testimony that
seems to support and even extend native perceptions.
Live from the Arctic will unify both perspectives, and
use todays most powerful and effective communications
media to connect young people and general audiences
all across America to researchers and communities liv-
ing and working in the Arctic. During IPY there will
be a level of interest in the Polar regions unprecedented
in a generation. Live from the Arctic offers unique re-
sources to satisfy that curiosity, and encourage active
participation and engagement in understanding some
of Earths most significant peoples, places and rapidly
changing conditions.

URL: http://www.arcus.org
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Arctic Connections, an Interactive
CD-ROM Program for Middle School
Science

Scott A Elias (303-492-5158; saelias@colorado.edu)
INSTAAR, University of Colorado, Campus Box 450,
Boulder, CO 80309-0450, United States

In this project we developed an interactive CD-
ROM program for middle school students, accompanied
by an interactive web site. The project was sponsored
by a grant from the NSF ESIE Instructional Materi-
als Development program. One of the major goals of
this project was to involve middle school students in
inquiry-based science education, using topics that are
of interest to students in Arctic communities. Native
Alaskan students have traditionally done poorly in sci-
ence at the secondary level, and few have gone on to
major in the sciences in college or to pursue scientific
careers. Part of the problem is a perceived dichotomy
between science and traditional Native ways of know-
ing about the natural world. Hence some students re-
ject the scientific method as being foreign to their na-
tive culture. Our goal was to help bridge this cultural
barrier, and to demonstrate to native students that the
scientific method is not antithetical to their traditional
way of life. The program uses story modules that dis-
cuss both scientific and Native ways of understanding,
through the use of action-adventure stories and brief
learning modules.
relevance of science to their daily lives, and to convince
them that scientific methods are a vital tool in solving
major problems in arctic communities. Each action-
adventure story contains a series of problems that the
program user must solve through interactive participa-
tion, in order for the story to progress. The interactive
elements include answering quiz questions correctly,

The aim was to show students the

measuring pH by comparing litmus paper colors, mea-
suring archaeological artifact dimensions, finding the
location of fossil bones in a photograph, and correctly
identifying photographs of whale species, arctic plants,
and fish. The stories contain a mixture of live-action
film sequences and voice-over sketch art story boards.
The ten modules include such topics as arctic flora and
fauna (including terrestrial and sea mammals), arctic
solar phenomena, the archaeology and ice-age history
of Alaska, water quality, sea ice, permafrost, and cli-
matology. The topics are designed to show connections
between the past, present, and future of the Arctic,
highlighting problems that can be addressed by scien-
tific inquiry. The accompanying teacher’s guide con-
tains a series of hands-on experiments and additional
learning materials for each module. The scientific infor-
mation contained in the modules was refereed by a team
of experts who have also volunteered to respond to stu-
dent questions via e-mail. During the last three years,
the program has been field tested in middle schools in
Barrow, Kotzebue, Fairbanks, and Anchorage, Alaska.
These tests have brought many suggestions for improve-
ments from both teachers and students. The program
is in its final evaluation phase, and will be available to
schools early in 2004.

URL: http://arctic.rhul.ac.uk/
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1Radar Systems and Remote Sensing Laboratory, Uni-
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The Radar Systems and Remote Sensing Laboratory
at the University of Kansas (KU) has implemented ex-
tensive outreach activities focusing on Polar Regions
as part of the Polar Radar for Ice Sheet Measurements
(PRISM) project. The PRISM project is developing
advanced intelligent remote sensing technology that in-
volves radar systems, an autonomous rover, and com-
munications systems to measure detailed ice sheet char-
acteristics, and to determine bed conditions (frozen or
wet) below active ice sheets in both Greenland and
Antarctica. These measurements will provide a bet-
ter understanding of the response of polar ice sheets
to global climate change and the resulting impact the
ice sheets will have on sea level rise. Many of the re-
search and technological development aspects of the
PRISM project, such as robotics, radar systems, cli-
mate change and exploration of harsh environments,
can kindle an excitement and interest in students about
science and technology. These topics form the core of
our K-12 education and training outreach initiatives,
which are designed to capture the imagination of young
students, and prompt them to consider an educational
path that will lead them to scientific or engineering
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careers. The K-12 PRISM outreach initiatives are be-
ing developed and implemented in a collaboration with
the Advanced Learning Technology Program (ALTec) of
the High Plains Regional Technology in Education Con-
sortium (HPR*TEC). ALTec is associated with the KU
School of Education, and is a well-established educa-
tional research center that develops and hosts web tools
to enable teachers nationwide to network, collaborate,
and share resources with other teachers. An example of
an innovative and successful web interface developed by
ALTec is called TrackStar. Teachers can use TrackStar
over the Web to develop interactive, resource-based
lessons (called tracks) on-line for their students. Once
developed, tracks are added to the TrackStar database
and can be accessed and modified (if necessary) by
teachers everywhere. The PRISM project has added
a search engine for polar related tracks, and has de-
veloped numerous new tracks on robotics, polar explo-
ration, and climate change under the guidance of a K-
12 teacher advisory group. The PRISM project is also
developing and hosting several other web-based lesson
design tools and resources for K-12 educators and stu-
dents on the PRISM project web page (http://www.ku-
prism.org). These tools and resources include: i) ”Po-
lar Scientists and Explorers, Past and Present” cover-
ing the travels and/or unknown fate of polar explorers
and scientists; ii) ” Polar News” providing links to cur-
rent news articles related to polar regions; iii) ” Letter
of Global Concern”, which is a tool to help students
draft a letter to a politician, government official, or
business leader; iv) ”Graphic Sleuth”, which is an on-
line utility that allows teachers to make lessons for stu-
dent use; v) "Bears on Ice” for students in grades K -
6 that can follow the adventures of two stuffed bears
that travel with scientists into polar regions; and vi)
”K-12 Polar Resources,” which provides teachers with
images, information, TrackStar lessons, and a search

2003 Fall Meeting

engine designed to identify polar related lessons. In
our presentation, we will describe and show examples
of these tools and resources, and provide an assessment
of their popularity with teachers nationwide.

URL: http://www.ku-prism.org
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Integrating research and education in a
study of Arctic frost-boil ecosystems
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1USDA Forest Service, International Institute of
Tropical Forestry Jardin Botdnico Sur 1201 Calle
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2University of Alaska Fairbanks, Alaska Geobotany
Center Institute of Arctic Biology, Fairbanks, AK
99775, United States

We have integrated the field course Arctic Field
Ecology with an interdisciplinary research project in-
vestigating the interactions of climate, vegetation, and
permafrost in the study Biocomplexity of Arctic Frost-
boil Ecosystems. Arctic Field Ecology is designed to in-
troduce undergraduate and graduate students to field
studies in the Arctic to gain an understanding of the
structure and function of arctic ecosystems and the cur-
rent state of Arctic research. The integration of the
field course and research is designed to 1. Give stu-
dents sufficient background in regional ecology and eco-
logical issues to place the Biocomplexity project within
the context of current directions in science, 2. Intro-
duce students to the project objectives, methods, and
personnel, 3. Provide for interaction with all the par-
ticipating scientists, including discussion and field ex-
perience, 4. Encourage students to develop questions
and hypotheses for future research, and 5. Give stu-
dents the opportunity to interact with indigenous peo-
ple with interests in Traditional Ecological Knowledge.
Arctic Field Ecology is offered by the University of
Minnesota. Formal and informal seminars are provided
by the course leaders, project scientists, and native
speakers. Students are involved in field sampling activ-
ities and discussions associated with the biocomplexity
project goals. Bach student develops and presents a
research proposal based on their interests and under-
standing of the current trends in ecological research in
the region. A major philosophy of the course is that the
natural arctic environment is a key source of ideas and
inspiration, guided and augmented by the interaction
with instructors, project scientists and native people.
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Analyzing Student Perceptions of
Geological Time Through the Use of
Graphic Timelines

Orvil L Whitel! (812-856-8636; orwhite@indiana.edu)
Meredith Beilfuss! (812-812-320-4175;
mbbeilfuss@indiana.edu)

William Boonel (812-856-8132;
wboone@indiana.edu)

Julie Libarkin? (740-593-1109;
jlibarki@cfa.harvard.edu)

lindiana University, 201 Rose Ave., Bloomington, IN
47405

2Ohio University,
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Students’ understanding of geological concepts has
been studied through drawings but work with regard
to geological timelines is lacking. Approximately 80
semi-structured interviews were conducted with intro-
ductory and non-science major college students at a
large Midwestern university. Students were asked to
make drawings of a variety of topics involving the Earth
system; drawings included the Earth’s interior, and fea-
tures of the Earth’s surface such as mountains or vol-
canoes. Additionally, the students were asked to mark
and date major events in the earth’s past on a time-
line. Analyses of the student generated timelines indi-
cate the lack of understanding of the true timescale of
the geological history of the earth. Furthermore, the
data revealed a lack of knowledge of the accepted dates
of the major events in the earth’s past. Uncovering
this lack of understanding has significant implications
for both teachers of earth science and teacher education
programs.
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FLAG, the Field-tested Learning Assessment Guide
(http://www.flaguide.org/) is a NSF funded website
that offers broadly-applicable, self-contained mod-
ular classroom assessment techniques (CATs) and
discipline-specific tools for STEM instructors creat-
ing new approaches to evaluate student learning, at-
titudes and performance. In particular, the FLAG con-
tains proven techniques for alterative assessments
those needed for reformed, innovative STEM courses.
Each tool has been developed, tested and refined in real
classrooms at colleges and universities. The FLAG also
contains an assessment primer, a section to help you se-
lect the most appropriate assessment technique(s) for
your course goals, and other resources. In addition to
references on instrument development and field-tested
instruments on attitudes towards science, the FLAG
also includes discipline-specific tools in Physics, As-
tronomy, Biology, and Mathematics. Building of the
Geoscience collection is currently under way with the
development of an instrument for detecting misconcep-
tions of incoming freshmen on Space Science, which is
being developed with the help of the Committee on
Space Science and Astronomy of the American Asso-
ciation of Physics Teachers. Additional field-tested
resources from the Geosciences are solicited from the
community. Contributions should be sent to Michael
Zeilik, zeilik@la.unm.edu. This work has been sup-
ported in part by NSF grant DUE 99-81155.
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A significant part of student learning relates to the
way the student is taught. Assessment of class goals
with multiple sections needs to take into account com-
plexity introduced by having several teaching assistants
(TAs). The TAs bring different levels of expertise in
the subject matter, in pedagogy, and self confidence,
creating highly variable experiences for the students in
the classroom. It was observed that assessment results
for a general education sciences laboratory are skew by
the novice TAs in two ways. First, the inexperienced
TA may cover material superficially, where the students
are not given the tools to reason at higher orders of
thinking. For example, students may be able to recall
information, but they will not be able to thoroughly
evaluate a given situation using the material learned in
the lab. Second, the novice TA may teach to a question.
Thus, the students in her/his section will have dispro-
portional high scores in the assessment. To minimize
the effects that novice TAs may have on assessment, it
is very important to properly screen and train the TAs
on the subject matter and on pedagogical issues. These
steps will minimize the effects that novice TAs may
have on the assessment results, but will not eliminate
them. Thus, it is important to design the assessment
tool to be as transparent to TA shortcomings as possi-
ble and try to get to the student understanding. Com-
mon assessment tools used for laboratory settings with
large number of students include lab work and exams.
Results of assessment of lab work are easier to com-
pare when there is a clear rubric for students and TAs.
Furthermore, the effect of the novice TA may be min-

imized because in the laboratory setting, students are
encouraged to work together and to answer each other
questions. Thus, allowing for more self-guiding by the
students. For exams to be meaningful assessment tools,
the TAs must have input on designing the exams. How-
ever, consensus must be reached on the wording of the
questions so that students in all sections will be asked
the same question. Ideally, the assessment questions
will be prepared after the lab has been taught so the
less experience TAs do not teach to the question. Re-
gardless of the assessment tool used, it is important
to take more than one sample per section (e.g. three
samples per section) to draw meaningful conclusion on
whether or not the assessment results are biased by in-
experience TAs.
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A unique, alternative educational and public out-
reach product was created to investigate the use and
effectiveness of auditory displays in science education.
The product, which allows students to both visual-
ize and hear seasonal variations in data detected by
the Gamma Ray Spectrometer (GRS) aboard the Mars
Odyssey spacecraft, consists of an animation of false-
color maps of hydrogen concentrations on Mars along
with a musical presentation, or sonification, of the
same data. Learners can access this data using the
visual false-color animation, the auditory false-pitch
sonification, or both. Central to the development of
this product is the question of its educational effec-
During the spring 2003
semester, three sections of an introductory astronomy
course, each with ~100 non-science undergraduates,
were presented with one of three different exposures to
GRS hydrogen data: one auditory, one visual, and one
both auditory and visual. Student achievement data
was collected through use of multiple-choice and open-
ended surveys administered before, immediately follow-
ing, and three and six weeks following the experiment.
It was found that the three student groups performed
equally well in their ability to perceive and interpret
the data presented. Additionally, student groups ex-
posed to the auditory display reported a higher interest
and engagement level than the student group exposed
to the visual data alone. Based upon this preliminary

tiveness and implementation.
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