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ABSTRACT

The National Aeronauticaind Space Administration
(NASA) has aeadershiprole in Earth System$cience
research for the United States with the Mission to Planet
Earth (MTPE) program, which, making use of satellite
technology, remote sensingnd image processing, is
altering our understanding of our planet.

Although significanteffort is going into the MTPE
program,andalthough the implications of thigesearch
will have widespread impact on environmental, scientific,
social, political, economic, and health policies
worldwide, few teacherandfar fewer studentsre aware
of these efforts, or havehe skills and knowledge
necessary to understatidem. Typically, students and
teachers do not hawexperiencewith analyzing problems
on an ecosystem or biosphere scale. But MTPE’s
scientific studies hold gregotential toenhance, enrich,
andextendthe K-12 scienceand mathematicscurricula.
Many curriculum materials have bedavelopedor this
purpose by MTPE, Project Globe, and others.

In order to provide middle school educators fraonoss
the United States with the skills,knowledge, and
materialsnecessary to teadeir students abouEarth
Systems Science and NASA's MTPE research efforts, the
NASA Classroom of the Future will desigdgevelop,
field test, anddisseminate an on-lineoursemaking use
of World Wide Web and Virtual Reality Mark-up
Language (VRML) technologies.

The development of the on-line inservice course will
be a collaborative effort involving classroom teachers,
education personnel and scientists from NASA's Mission
to Planet Earth (MTPE), the Classroom of the Future
(COTF), and Space Grant Consortia members.

INTRODUCTION

The Earth as a system and the impact of human beings
on that systemhave becomehe focus of extensive
national and international research efforts. For example,
the International Council of Scientific UnionCSU)
International Geosphere-Biospher@rogramme (IGBP),
the United States Global ChanBesearchHProgram, and
the NationalResearchCouncil have focused onglobal
change as a major part of their research agenda.
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The National Aeronauticand Space Administration
(NASA) has taken #eadershiprole in this research for
the United States with the Mission to Plandiarth
(MTPE) program, which makes use of satellite
technology, remotémaging, andimage processing, and
is altering our understanding of the Earth as a system.

Although significanteffort is going into the MTPE
program,andalthough the implications of thisesearch
will have widespread impact on environmental, scientific,
social, political, economic, and health policies
worldwide, few teacherandfar fewer studentsre aware
of these efforts, or havehe skills and knowledge
necessary to understatidem. Typically, students and
teachers do not have experience analyzing problems on an
ecosystem or biosphere scale. MTPE's scientificlies
hold great potential to enhance, enriahd extendthe K-

12 science and mathematics curricula.

The NASA Classroom of the Future &vheeling
Jesuit College, ircooperationrwith NASA Headquarters
Education and MTPE program personnel, is planning and
field testing aWorld Wide Web-based teachénmaining
program to providamiddle school teachersfrom across
the United States with the skills,knowledge, and
materials necessary tmderstand anteachtheir students
about Earth SystemsScience and NASA's MTPE
research efforts.

This effort includes course developmengvelopment
of a WWW-based/RML interface, fieldtesting ofthese
materials, and dissemination to NASA-funded Space
Grant Consortium for regional implementation.  If
successful, it isanticipatedthat the COTF will, in
subsequent yearslevelop similar on-line courses for
elementary and high school teachers.

The use of VRMLand the World Wide Web, will
place this project at theforefront of on-line teacher
training initiatives.

Dr. Robert TinkerandDr. SarahHaavind, in arecent
paper[1], describethe results of a study of theurrent
state of the art in on-lineourse development. In the
paper, they identify “common elements” of such courses:

The majority of netcourses studied utilized

conferencing software orbulletin boards for the

instructional part of the course. Someguired up to
four face-to-facemeetings with the whole class so
participantscan “know” who their on-linecolleagues
are, other coursesare marketed nationally.even
internationally, and face-to-facemeetings are not



possible, with the exception afccasional subgroups
who sign up togetheand build in local meetings.

Some coursesare augmented by a media package of

materials up-front thatinclude such resources as

videotapes, software, or information on disk, as well as

the traditional photocopiedset of readings. The

courses wereviewed variedwidely in the level of

structure, but allsynchronized studenactivity by

having topics that changed weekly. (p. 16)

After exploring the strengthandweakness ofcurrent
efforts in this area, they noted that current
implementations were technically limited for a variety of
reasonsand concluded, “The World Wide Web will
becomethe technology othoice for netcoursebecause
of its universality and openness” (p. 30).

We will use WWW technology for the Eart®Bystems
Science courseinder development,but to go a step
further than that under current consideration by
developers. We propose to use Virtiadality Mark-up
Language (VRML) to build an interactivelearning
environment for use by class membargl instructors.
(For more information about VRMLseethe Chronicle
of Higher Education, February 23, 1996, p. A21viwit
the San Diego Supercomputer Cente®8VW site at
http://www.sdsc.edu/vrml/.)  Such an environmerit
allow participants to explore virtualettingsandinteract
with embedded tools and resources.

Curriculum Development

This projectwill developthe on-line materials for
teachertraining but will not develop K-12 classroom
curriculum materials. Instead,the projectwill identify
and incorporateexisting K-12 classroom EartBystem
Science curriculum materials. NASA persontelve
developedMTPE materials thatan be used irteacher
training and by teachers intheir classrooms. Many
other federally-funded programs are developing Earth

SystemsScience materials for use in K-12 classrooms.
For example, Project GLOBE has developed a nationwide

program to prepare teachers to teadfarth Systems
Scienceand aspecial opportunity exists taollaborate
with the NASA HPCC-funded “Exploring the
Environment” (ETE) project athe COTF. ETE is
developing aWWW site that contains EartlBystem
Science investigations which can be incorporat¢a the
MTPE curriculum (http://www.cotf.edu/ETE/).

Planning Team

This spring, the COTF is bringing togethercaurse
developmentteam consisting ofrepresentatives from
NASA HeadquarterfyMTPE and Education Division),
COTF, Space GrantConsortia, a VRML software
developerEarth System scientistgnd middle school
science teacher3he group will meet at the COTF for

three days to developthe outline for the course,
supporting materialandthe virtual environment.Once
this meeting iscompleted, developmenwill continue
with the participants collaborating using theernet as
the medium for communications. The materiaid be
ready for field testing in the winter of 1996-97.

COURSE DESCRIPTION

The content of the class will be EartBystems
Science, appropriate fomiddle school teachers and
students, as well as an introduction twrriculum
materialsdeveloped byNASA andotherfederal agencies
for use inmiddle schoolscienceclasses. The classill
be deliveretbn-line, making use oWWW technology,
including VRML to enable multimediaand virtual
environments to be part of theducational experience.
The project will do preliminary work developing
interactive environments thaenable participants to
“enter” a virtual environmentand interact with other
participants as well as embedded tools and resources.

Each participant irthe class willreceive aclass "kit"
that will contain materials such as prmedia, software,
manipulatives yvideotapeand curriculum materialsfrom
MTPE, GLOBE, and other federally-funded Earth
System Science projects.

The class will be taught by an Earth System scientist

and middleschool science teachehoth of whom will
help in its development. The class will beld on-line,
with group problem solving, discussiorand peer
supportcentral tothe activities. Originalvideotape in
support of the curriculum will be developed as well.

The on-line course materials will Hield tested by 40
middle schoolscience teachers acrase countryduring
the winter ‘96-'97. Participants in théeld test will
receive the course,course kit of materials, and two
continuing education creditsfor participation. In
addition, these individualswill attend a two-day
workshop at the COTF during the fall of 1996r&zeive
instruction related to datecollection and materials use
during the field test.

COTF will make the class available to Spageant
Consortia collegesnd universities to install orlocal
Internet servers. By doingo, it will be possible for
participating Space Grafonsortia members toffer it
to teachers in their geographic region.

This approach--regionatlisseminationand delivery--
may seem counterintuitive due to the Internatiity to
deliver the course anywhere. However, suclapproach
will help addresstwo critical issues--scalabilitfHow
doesone mentor 50,00Geachers on-line?and degree
bearing credit (eachparticipating institution will award
credit to its participants). It is als@nticipatedthat
because othis approach, participatingnstitutions will
also be able to modify theourse to meet locaieeds,
integrating it into existing efforts.



RESEARCH AND EVALUATION

Both formativeandsummative evaluation will be an
integral part of the project, with a formedsearchagenda
developed agart of the program thawill further the
COTF's researchmission. Dr. SteverMcGee, COTF
Educational Researchyill be part of the development
team from the inception of the project.

As mentioned earlier, the on-line course willglted
in the fall of 1996 with 40teachers acrosthe country
being recruited toparticipate in thefield test and being
awarded 2 CEUs for their efforts.

Each participants’ interactions with the course
materials on thaVeb site and with the instructors and
eachother will bemonitoredandanalyzed. Participants
in the field test will berequired toparticipate in an on-
going dialog about thesffectiveness oboth the on-line

course materials and discussions as well as the classroom

scienceactivities and materials implemented as part of
the course requisites.
COTF DEVELOPMENT TEAM
Craig Blurton, Ph.D.
Dr. Blurton, Associate Director of the NASA

Classroom of the Future, willserve as principal
investigator forthis project. Dr. Blurton’duties will

include coordinating the work of the various participants,

arrangingand facilitating meetings, managing thfeld
test of the on-line courseand as science education
advisor to the development team.

Stuart Ullman, Ph.D.

Dr. Ullman will serve as co-principahvestigator and

computer scientist on the project, responsible for the

development ofthe Virtual Reality Mark-up Language
(VRML) environment which will becreatedfor use on
the COTFwebsite. Dr. Ullman’scurrent position at
CarderockDivision, Naval SurfaceWarfare Center in
Maryland is as computer scientestd operationsresearch
analyst for the Methodologgnd Computation Branch,
Operations Research Department..

Dr. Steven McGee

Dr. Steven McGeeCOTF Educational Researctuill
serve as program evaluatand researcher. Dr. McGee
will be responsibldor developingthe project’'sresearch
design. Dr.McGee'swork will capturelessonslearned
both during the development process and the field test

Mr. Bruce Rosen

Mr. Bruce Rosen, Computer Support Analyst at the
COTF, will serve as “Webmaster” for tloiration of the

project, assisting in thalevelopment ofthe VRML
interface, installing and testing softwassmd maintaining
the systemduring the field test. Mr. Rosen has a
Bachelors of Science i€@omputerSciencewith a minor
in mathematicsand currently is developinghe COTF
web site and manages the COTF Internet server.

Other Team Members

As of this writing, other members of tldevelopment
team can only b&entified byrole. Specificindividuals
will be selected tofill these positions in consultation
with  NASA Headquarterspersonnel from Education,
MTPE, and Space Grant.

Earth System Scientists These individuals will
provide the content expertise to the group. Onthede
individuals will serve asthe on-line course instructor
during the field test of the course materials.

Middle School Earth Science Teachers These
individuals, selected because of leadershiphe field of
Earth Science as well as exemplary teaching shilts an
understanding of the National Science Education
Standards, will assist with the development of the on-line
instructional content anserve an-line mentorsiuring
the field test of the course materials.

NASA HeadquarterPersonnel- At least one NASA
Headquartersstaff from MTPE, Education, and Space
Grantwill be invited to participate in thelevelopment
process. Staff participation winsurethat the project
developedmeets NASA’seducationgoals and is well
connected to NASA human and material resources.

Space Grant Consortium Representativé3ne or two
representatives from collegesd universities that are
members of NASA Space Gran€onsortium will
participate in thedevelopmenprocess. Their inclusion
will ensurethat the project staffare informed about
existing Space Grant resourcesd activities related to
teachertraining in Earth SystenBcienceand that the
materials developedwill be such that theycan be
integratedinto Space GranConsortium activitiesonce
development and field testing are completed.

CONCLUSION

Making use of high performance computing and
communications technologies, the COTF, in
collaboration with NASA personnel, is designing,
producing,and delivering a high quality on-line Earth
System Science course t@ducatorsacross theUnited
States making use of cuttingdge technologies in
support of NASA’s Mission to Planet Earth.

[1] R. Tinker and S. Haavind, “Netcourses and
netseminars: current practice and new designs,” in press.



