1 EventScope Portal for Immersive Educational Telerobotic Mars Exploration
1.1 Basic Proposal Information

	Title: 
	EventScope Portal for Immersive Educational Telerobotic Mars Exploration 

	Brief Description: 
	The EventScope Portal to Mars will allow students to gain a personal remote experience of the Martian surface using an immersive “game-like” 3D virtual environment.  JPL will work with partners to adapt the current EventScope software to receive and integrate telemetry from the 2003 Mars rover mission.  

	Partners: 
	Carnegie Mellon, Platform Digital, Washington U, Cornell U, Arizona State U, JPL 

	Center: 
	Jet Propulsion Labratory 

	Endorsee: 
	David Seidel 

	Primary Contact Name: 
	Michelle Viotti 

	Primary Contact Phone: 
	818-354-8774 

	Primary Contact Email: 
	mviotti@pop.jpl.nasa.gov 

	Secondary Contact Name: 
	Peter Coppin 

	Secondary Contact Phone: 
	412-268-1565 

	Secondary Contact Email: 
	coppin@cmu.edu 


1.2 Milestones

While NASA has scientific and technological expertise and a strong educational outreach infrastructure for dissemination of mission data, its outreach could be significantly strengthened by an immersive software environment that can bring a virtual planetary experience to life in classrooms around the country.  The EventScope Portal to Mars is a data pipeline that can deliver data and telemetry from the 2003-2004 Mars Exploration Rover mission into a virtual environment for students that allows exploration of the martian surface in three-dimensional detail.  In the near term, the FIDO (Field Integration Design and Operations) rover field trials (which will be carried out in preparation for the Mars Exploration Rover mission) will provide an opportunity for prototype activities.  The FIDO field trials allow scientists and engineers to test both instruments and operations, remotely commanding the rover via the Internet.  Prototype EventScope Portal to Mars activities during these tests will yield both useable, stand-alone classroom modules prior to launch and lessons learned that will inform future development of the Portal for implementation during later mission phases.

Learning environments in the 21st century call for student-centered learning; collaborative work; active, inquiry-based learning; and, authentic, real-world context (ISTE, NETS for Students).  The EventScope Portal to Mars supports all of these needs and provides students with an exciting and engaging path to scientific literacy that is based on real Mars exploration.  Scientific literacy means more than simply absorbing facts that quickly become replaced by new facts.  Educators are looking for hands-on, easy-to-implement, problem-based technologies and content that will directly involve their students in scientific inquiry and discovery.  The Mars Exploration Rover mission will produce some of the most authentic, exciting, and inspiring content in the world.  The EventScope Portal to Mars presents the perfect opportunity to connect students to the mission and engage them in the authentic experience of exploration and discovery.

Milestones will be centered on field test opportunities that allow us to prototype and improve the Portal’s content, clarity and technological reliability.  The first stage of our work under the LTP Revolutionary Concepts grant will involve the integration of lessons learned from the August 2002 FIDO field test deployment and the implementation of larger-scale changes required to provide a real-time virtual environment experience.  Feedback from students and teachers in focus-group-style workshops will shape our second iteration of software to provide a more immersive educational experience and easier curriculum authoring.  Performance indicators recorded during the August 2002 FIDO tests will highlight system bottlenecks and flaws that require enhancement.  

The second stage of our LTP-funded work will consist of a second deployment of the Portal during FIDO field tests in January 2003.  This will involve a larger group of students and focus on near-real-time delivery of data to the virtual environment.  During the test, the EventScope Portal to Mars will be accessed by participating groups of students and teachers.  Students will use the EventScope Portal to Mars to learn about activities simulated by scientists during the FIDO rover field trials.  Relevant CMU and ASU curriculum modules within the EventScope Portal to Mars will scaffold the students’ experiences as they examine rover data.  

The third stage of the Portal will be the release of the software with earth science-based lessons using the FIDO field test data.  Classrooms can use these activities as stand-alone units to support classroom learning or can use the experience to prepare them for the near-real-time activities during Mars Exploration Rover mission operations.

Throughout the stages, we will be modifying the EventScope Portal to Mars software in order to allow integration with Mars Exploration Rover mission downlink systems during landing and operations.  At the end of the LTP funding requested here, our system will be pushed from Technology Readiness Level (TRL) 5 to 8 through a measured schedule of implementation and field trials (see Section 5, Project Feasibility).  Through follow-on funding from LTP or elsewhere, our effort will culminate by reaching TRL 9 by MER landing in January 2004.

For an implementation schedule chart, please see http://occipita.cfa.cmu.edu/eventscope/ltp_jpl/figure4.gif
1.3 Project Purpose

The EventScope Portal to Mars will allow students and teachers to work with Mars data in a way that is engaging and real.  The Portal supports NASA’s goal of getting real data into the hands of the public.  It also supports the purpose of the Mars Public Engagement Plan to share the excitement and to make Mars a real place.  The telepresence interface will alter students’ concepts of the Red Planet, allowing them to move beyond a catalog of downlinked images to a place they can explore on their own or in collaboration with other students and scientists.  

Our proposed investigation for the upcoming MER mission will study turning EventScope into a dynamically updating 3-D virtual environment that will reflect the latest mission downlinks by receiving telemetry from a data pipeline.  As these updates occur, educators can annotate important discoveries or events as they happen.  Students will download these “news flashes” throughout the mission, while being able to navigate through the mission timeline to revisit scientifically relevant aspects of the mission.  Core lesson modules that support JPL and ASU curriculum objectives will be hyperlinked from and integrated with this 3-D environment.  Technical and scientific concepts relating to the MER mission will be easily accessible.

Remote investigation is the only way NASA currently has of visiting the planets in our solar system.  Over time, NASA has increased the scientific productivity of such activities by using telepresence interfaces to experience remote locations by visualizing information returned from telerobots and other remote sensors.  These interfaces allow them to piece together a complex “picture” of the remote area from various types and amounts of data sent back by the telerobot.  Scientists can compare rock sizes, determine mineral distribution, and generally understand what it is like to be in that place.  Through the EventScope Portal to Mars, students can too!

The Portal is not designed to simply disseminate data, but makes a concerted effort to bring the immersive experience to all kinds of classrooms across the country, regardless of their technological capabilities.  The Portal is designed for use on any networked computer and through a variety of dissemination avenues, such as workshops, conferences, school presentations, and the Internet a wide variety of schools, classrooms, and students will be reached.

Additionally, ASU curriculum developers are situated to adapt materials to Spanish-language and hearing impaired users.

The original EventScope software, now in its final year, has served over 1800 students in 27 schools, over 500 of which came from underserved environments, both urban and rural.  After each phase, curriculum and technology enhancements are made to increase the educational value of the lessons, improve interface usability and optimize the software to run smoothly on the types of computers used in both high- and low- income school districts.

Measurable outcomes of this project range from teachers using Mars as an example to teach specific concepts, to classes or entire schools adopting the coordinated modules and activities into their science, mathematics, or technology curricula.  Another impact is creating an infrastructure that can be used by other NASA missions.  Use of classroom activities will be tracked assess through both usage and the speed at which students learn specific concepts, teacher feedback during workshops run by ASU, and the nature and extent to which educational materials are incorporated into classroom and non-traditional education activities as reported through online surveys.  The effort will foster online communication and collaboration among a diverse population of students, educators and scientists free of geographical and socioeconomic limitations.

We intend to integrate and develop the EventScope Portal based on LTP pillars one and three by extending Carnegie Mellon University’s 3-D virtual environment software to enable dynamically updating 3D data that stream from MER through the proposed data pipeline.

1.4 Innovation

Innovative Aspects: The 3-D streaming environment proposed here will be the first of its kind and builds upon the groundbreaking LTP LEARNERS funded effort, EventScope, which is one of the first (if not the first) 3D telerobotic virtual environments designed for education.  

With this 3D streaming portal, new data will arrive from the Mars Exploration Rover mission and/or the FIDO field tests.  Both educators and scientists will be able to add their own commentary and knowledge directly into the virtual environment to provide progressive learning opportunities for students.  The annotated virtual environments will then be streamed to students logged on to the EventScope Portal to Mars, bringing the Mars Exploration Rover mission into classrooms nationwide.

The EventScope Portal to Mars consists of a server, which will receive data products from the Mars Exploration Rover mission on each downlink.  The EventScope Portal to Mars Server then integrates these data products (imagery, spectra, rover telemetry) into a multidimensional, hyperlinked virtual environment.  

To date, NASA has made excellent use of the Internet as a medium for disseminating mission data products.  The Mars Pathfinder landing in 1997 is just one of many examples of when the public logged on en masse to experience Mars.  Additionally, NASA’s LAPIS project, part of the Athena Science Payload education and public outreach, has allowed students to participate in telerobotic field trials using the science planning tool software for rover operations  (Arvidson, et al.  2000).  Athena is the payload on both Mars Exploration Rovers.  The Principal Investigator and Deputy Principal Investigator are involved in this proposal as scientific advisors and reviewers.  The EventScope Portal to Mars will build on these precedents but work to increase the scope of the educational impact.  Our system will automatically generate 3-D martian virtual environments and stream them to school students nationwide in a way that supports standards-based science and technology education.  

The EventScope Portal to Mars represents an innovative new streaming virtual environment medium.  However, from an educational standpoint the most innovative aspect is the medium’s ability to support more interactive, exploration-based curricula.  We seek to enable guided exploration that allows a student to test the virtual environment as he or she would a real environment.  Following the constructivist theory of learning, a highly realistic martian virtual environment eases the task of mapping new planetary science concepts to a student’s prior experience.  This realistic comparison is key to our telepresence- and virtual environment-based curriculum approach.

Compare with other similar projects: Several groups at NASA use 3-D virtual environment software for telerobotics research and mission operations.  Viz at NASA Ames (http://ic.arc.nasa.gov/projects/intelligent-robotics/3d/) allows scientists to explore 3D photorealistic representations of NASA mission sites.  The WITS/ SAP interface at JPL (http://wits.jpl.nasa.gov/) allows rover operators to visualize various kinds of data for rover control and lander operations.  Our approach is enabled by the same technologies (VRML, Java3D), but our application focus is geared for teacher and student use.  Similarly, distributed education applications (JASON Project, Globe, etc.) are becoming popular, but none automatically stream 3-D virtual environments to students in a way that enables personal scientific exploration experiences and none add progressive learning activities and lessons to the virtual environments as does the EventScope Portal to Mars.

1.5 Diffusion Potential

Elements of project that enable its replication: As an Internet-based application, the EventScope Portal to Mars is easily distributed.  The EventScope Portal to Mars Server must be based on scalability to support the number of hits predicted based on figures from popular NASA mission web sites.  The EventScope client software is based largely on existing software developed and deployed to schools throughout Pennsylvania by Carnegie Mellon University.  It has already iterated through three design phases and has proven to be intuitive for both students and educators authoring curriculum.  The visually engaging and intuitive interface will further enable distribution and acceptance.

How common and prevalent are the problems we address to other communities: Providing technology to all Americans is not only one of the nation’s goals, but is essential for preparing our future workforce for the skilled, high-tech jobs of the 21st century.  The need for exposure to technology and the way it is used is an essential need for teachers and the students with whom they work.  The ability to give students a real opportunity to see the potential of technology in scientific discovery and the way that they can use it to learn and enhance their own personal understanding can make a fundamental difference in the way students perceive themselves and their futures.  

Cost-effectiveness and simplicity of our approach: Our approach is cost-effective because it is based on 3-D virtual environment navigation and curriculum-authoring technology developed at Carnegie Mellon University and Platform Digital, LLC.  Educators with no computer programming experience have become expert curriculum creators with Platform Digital’s curriculum authoring tool.  Curriculum authors at Arizona State University will create lessons based on the science and technology of the Mars Exploration Rover mission and Athena Science Payload before and during the mission and incorporate them into the EventScope Portal to Mars using this tool.  Leveraging their work, funded out of the Mars Public Engagement budget, allows us to build an extensive library of lessons and activities that are firmly grounded in the mission.  Our cost-effectiveness to LTP is also increased as we simultaneously work to secure funding from multiple sources.  

From a larger perspective, the EventScope Portal to Mars will increase the cost-effectiveness of NASA’s public outreach efforts by founding a scalable, extendable, educational medium for dissemination of NASA mission data products.  Rather than constructing new outreach channels for each mission, existing EventScope Portal to Mars infrastructure can be easily extended to a new mission by:

1.Integrating mission databases with the EventScope Portal to Mars server

2.Deploying curriculum servers to mission science teams

3.Authoring new curriculum based on mission-relevant concepts

How this project builds upon existing approaches: Our project is based on a curriculum-delivery framework developed in the EventScope Project at Carnegie Mellon University.  EventScope is currently focused on delivering geoscience curriculum through 3-D virtual environments displayed on classroom computers.  Using Viking MDIM 2.0 and Mars Global Surveyor MOLA data, EventScope has developed a curriculum aimed at teaching geology and general science concepts to middle and high school students.  The curriculum is based on approximately 13 lessons covering:

· An introduction to the history of Mars exploration

· Comparisons and contrasts between features on the Earth, Moon and Mars including orbital paths, sizes, crater distribution, polar caps and water

· Concepts and interactive exercises about crater formation, distribution and classification

Important geoscience tools such as the principle of superposition and its use in relative age dating 

· Principles of how wind and water affect landscapes on Earth and Mars through material transportation and erosion

Current EventScope technology is used in many Pennsylvania classrooms.  EventScope uses photorealistic terrain models constructed from archived (Pathfinder, Mars Global Surveyor, Viking) data in combination with National Science Standards-based curriculum to provide students with an immersive science-learning experience that can be used in stand-alone modules or as a longer-term curriculum.

Currently in its final year, EventScope is focused on deploying into 36 schools in and around Pennsylvania.  So far EventScope has served over 1800 students in 27 schools, over 500 of which came from underserved environments, both urban and rural.  After each phase, curriculum and technology enhancements have been made to increase the educational value of the lessons, improve interface usability and optimize the software to run smoothly on the types of computers used in both high- and low- income school districts.

Needs of other ongoing Mars Public engagement efforts are integrated into the Mars Public Engagement vision and are supported by this proposed project.  These include the Mars Student Imaging Project (MSIP) and the Mars Robotics Education Partnership (Mars REP).

The Mars Student Imaging Project (http://msip.asu.edu/home.html) allows students to take their own pictures of Mars using data from Mars Odyssey orbiter, currently in Mars orbit.  The EventScope Portal to Mars’ updating 3D virtual environment will allow MSIP educators to craft experiences where students explore the 3D worlds based on Mars orbital data in order to apply scientific concepts.  It will enable their ability to analyze their own data and share it with other students.  The Mars Robotics Education Partnership will use robotics to enable students to understand the technology of planetary exploration and the important link between technology and science.  For Mars REP, students will be intimately involved in exploration and discovery by experiencing the mission via the rovers’ data.  EventScope will provide single immersive interface that will link the two projects, allowing students to understand planetary exploration science (MSIP) and exploration technology (Mars REP).  The resulting infrastructure will provide a coherent framework for both planetary science and robotics-related, standards-based education associated with future missions.

Through the unique qualifications and immersive nature of the EventScope Portal to Mars, students can be trained to use cognitive skills and problem solving to engage in a real science exploration.  Furthermore, because it represents a new interactive medium to experience Mars, the EventScope Portal to Mars has the ability to become programmatic – that is, to extend from one mission to the next, avoiding the problem of “reinventing the wheel” for each mission.

Plans for sharing information about our project: We will publish academic papers describing our work in popular education, computer graphics and robotics conferences and publications.  We will leverage the large number of grass-roots school district contacts made by our university partners (Wash U, ASU, Cornell, CMU) to get school districts from around the country representing diverse communities on board.  We will make use of NASA’s press release mechanisms to publicize the project’s work.  The most important aspect, however, will be workshops held by ASU.  ASU Mars education workshops already take place multiple times a year in cities around the country.  In partnership with us, ASU will incorporate information about and training on the EventScope Portal to Mars.

Additionally, the workshops will allow participating educators to help evaluate the product (see Evaluation section, below).

1.6 Project Feasibility

Technical approach: The EventScope Portal to Mars system architecture is shown at http://occipita.cfa.cmu.edu/eventscope/ltp_jpl/figure2.gif.  Data downlinked from a rover mission will be reviewed by mission scientists and released to the EventScope Portal to Mars server, where it will be integrated into a virtual environment.  The new virtual environment would be pushed to a number of curriculum servers, from which educational content would be added to the latest mission data.  When updated mission data arrive, curriculum authors may use software to add annotations, additional models and lesson text to the new data.  When curriculum authors release new lessons, they are pushed to all connected clients.  A classroom using EventScope clients log into a curriculum server and commence guided exploration of the martian virtual environment.

Rationale for system design: The EventScope Portal to Mars architecture exhibits important system-level features.  First, it is a customizable medium for dissemination of information from NASA missions to classrooms and the general public.  A key to the cost-effectiveness of our approach is the ability to support many NASA missions without re-engineering the entire system.

Because the users of the EventScope Portal to Mars connect to different curriculum servers rather than to a single host, it has scalability similar to that of proxy servers.  This is a critical component for widespread participation anticipated during high-profile NASA Mars missions.  

Rationale for component selection: For purposes of displaying the 3-D virtual environments, we will use software developed by the EventScope Project at Carnegie Mellon University.

First, we have selected this component for its compatibility with standard networked classroom computers.  The EventScope Project has focused on serving all types of school districts.  The software has been extensively optimized so that the user has a satisfying experience even on computers with limited memory, storage and performance.  Data for 3-D models are compressed to reduce memory and storage requirements.  The 3-D display is optimized dynamically at run time, based on the software’s own measurements of the hardware’s performance.  This optimization allows the software to scale to a wide range of hardware.  For example, when the user moves a 3-D model on screen on a slow computer, the model is replaced with an optimized, less detailed version that can be quickly animated.  As soon as the user stops moving the model, the original, full-detailed version is displayed.  On faster computers, the full-detailed model is always shown.  Furthermore, the EventScope client requires no special visualization or interface hardware.

The EventScope client software is also well tested.  Currently under development at Carnegie Mellon University, the client software has achieved a Technology Readiness Level (TRL) of 5 through deployment to over 25 schools.  Feasibility studies within CMU have outlined a clear migration path to support the EventScope Portal to Mars’ dynamic 3-D virtual environments.  As such, some components of the EventScope Portal to Mars architecture have been designed and tested, therefore receiving a TRL of 3 – 4.  We believe the EventScope Portal to Mars system as a whole can achieve TRL 5 during FIDO field trials carried out in August 2002 and afterwards (see Implementation Schedule, below).

How components and partners will be organized: The first phase of our work will involve implementing an EventScope Portal to Mars server compatible with FIDO telemetry downlink mechanisms.  Existing education and outreach efforts at JPL, ASU and CMU will operate prototypical curriculum servers at their home institutions.  These institutions will deploy EventScope Portal to Mars client software using their existing school district contacts.

Applicant Qualifications to Succeed: The proposed team integrates groups that for years have produced groundbreaking learning and telepresence/ telerobotics technologies.  Members are from the Mars Public Engagement Office, Mars Student Imaging Project, Mars Robotic Education Partnership (Mars REP), Athena Science Payload and LAPIS, CMU’s EventScope, the CMU Robotics Institute and Platform Digital.  Together this team has impacted the experiences of thousands of students.  

For modifications to telemetry and images through the Multi-Image Processing Laboratory (MIPL), Dr. Eric De Jong is the Principal Investigator at MIPL for the EventScope Portal to Mars project.  He and his team are responsible for the design and operations of the Mars data server.

The EventScope Project at Carnegie Mellon University includes PI Peter Coppin and a team that have produced public telerobotics projects since 1997.  These team members are widely published on the topic of telepresence and

telerobotics in national and international texts.

Platform Digital includes Peter Coppin, other team members from CMU and the Pittsburgh business community.  They formed Platform Digital, LLC to develop and commercialize telepresence and virtual environment technologies, such as the Remote Experience and Learning tool funded under the NASA SBIR program.

Sheri Klug, Keith Watt, and Paige Valderama manage the ASU Mars Education Program (10+ years of heritage) and the Mars Student Imaging Project, and all have extensive teaching experience and education credentials.  

The Athena Science Payload Principal Investigator, Steve Squyres, from Cornell University and the Deputy Principal Investigator from Washington University lead the Athena Science Team overseeing scientific operations of the Mars Exploration Rover 2003 - 2004 mission.  Recognized as leaders in planetary science, members of the Athena Science Team will contribute to Mars REP, MSIP and Mars Public Engagement in general before and during rover landing.  They will specifically be involved in reviewing materials for scientific accuracy and providing science-specific information.  

Plans for protecting privacy of end users: While assessing the impact of the EventScope Portal to Mars requires logging system activity, all information collected will be anonymous.  Users’ names will never be entered into the EventScope client software.  Curriculum assessment will be performed on a “per login” basis, seeking to quantify how a user navigates through the curriculum.  As such, clients will be identified only by their Internet address, which may change from login to login.  This further aids anonymity.

Furthermore, the EventScope Portal to Mars client software is not web browsing software.  It only contacts an EventScope Portal to Mars server.  Therefore traditional web privacy issues such as cookies need not be addressed here.

Plan for achieving non-federal sustaining funds: In the past, the CMU-based EventScope project has gained numerous kinds of non-federal matching funds for NASA funded programs.  For example, 2/3 of the cost of the NASA LEARNERS funded EventScope project was financed by philanthropic foundations (Heinz Endowments, the Buhl, Grable, Richard King Mellon and Laurel foundations).  In addition, Platform Digital, LLC, the commercial spin-off from the CMU EventScope project gained finances from the NASA SBIR program and is in continued discussions to gain additional matching funds.  Platform Digital will provide royalty-free licenses to CMU EventScope in 2002.

For this proposed effort, Platform Digital is coordinating financial support with Innovation Works, a Pittsburgh based investment group with a mission to revitalized entrepreneurial efforts in Western Pennsylvania.  Additionally, CMU Eventscope has a proposal under review by the Richard King Mellon Foundation, which would place a $100,000 contribution towards this effort.  Other resources include future SBIR opportunities and the Pittsburgh Digital Greenhouse, a state-financed organization founded to revitalized business in the Pittsburgh area.

1.7 Partnerships

How partner roles integrate: Each partner plays a role in the EventScope Portal data pipeline.  First, JPL downlinks telemetry from FIDO or the Mars Exploration Rovers and filters data as necessary.  These raw data are placed on a public server, making them accessible to an EventScope Portal server.  The EventScope Portal server software is to be written by CMU along with aid from JPL to integrate raw and processed mission data types.  The server software will integrate downlinked data into a format usable by curriculum authors and EventScope clients.  Curriculum authoring will be done with software developed at Platform Digital, LLC.  The ASU assessment workshops will allow users to provide insight into how to make the authoring tool more accessible and user-friendly.  The EventScope client software will be an augmented version of software developed on the EventScope Project at CMU.

CMU and ASU will author curriculum based on the updating virtual environments provided by the FIDO or Mars Exploration Rover operations.  Washington University and Cornell University will review the products for scientific accuracy.  This curriculum will then be published via the Internet to EventScope clients in classrooms throughout the country.  Our project will leverage the existing infrastructure of JPL, CMU and ASU to deploy EventScope clients and curriculum frameworks throughout the country.

Breakdown of partner responsibilities:

1.7.1 JPL:

· Source and filter mission data products 

· Set up and maintain servers with the capacity to serve users

· Dissemination through NASA press releases

· Maintain a web site that supports the downloading of EventScope Portal software CMU:

· Develop EventScope Portal Server software

· Install EventScope Portal Server software on JPL servers

· Augment EventScope client software to support server streams

· Help develop curriculum

· Maintain curriculum server

· Deploy to schools in Pennsylvania, Maryland, Virginia and Ohio Platform Digital, LLC:

· Provide EventScope Portal curriculum authoring software ASU, Washington Univ., Cornell:

· Integrate existing curriculum into EventScope Portal

· Author new MER-specific curriculum

· Oversee scientific content of curriculum

· Maintain curriculum servers

· Deploy to schools (nationwide other than CMU schools, build on existing student activities)

Partner financial, equipment, personnel or other contributions: Platform Digital, LLC will contribute the use of its current virtual environment curriculum authoring software.  Carnegie Mellon University will contribute the use of a PC to operate a curriculum server during the FIDO field trials.  ASU will contribute the use of its facilities for assessment workshops.  JPL will offer the time of Mars Public Engagement staff to assist participating educators and students during the FIDO field tests as well as educational expertise for reviews of materials produced.  JPL will also contribute rover data servers and space (estimated value, $50,000).

Partner benefits: Each partner in this project brings a piece that is an integral part of the whole.  Through the EventScope Portal to Mars, NASA has the opportunity to share the excitement of Mars exploration with virtually any classroom with a networked computer.  The EventScope Portal to Mars gets the data “out there” in ways that are engaging, coherent, and educationally sound.  For Carnegie Mellon University and Platform Digital, the project provides the chance to modify previously developed software to fit the ultimate remote experience—exploration of Mars.  Partnering with NASA will also increase the dissemination and reach of the EventScope product.  ASU benefits by increased dissemination of the Mars Odyssey data and related classroom activities.  The EventScope Portal to Mars will also enhance the teacher workshops currently held by ASU.  Cornell University and Washington University benefit by having Athena Science Payload information and data incorporated into a larger-scale, educational product that is disseminated so widely.  The biggest benefit of all, however, will be to the teachers and students who participate and for whom Mars exploration and scientific discovery becomes a very real and exciting process.

Collaborating with innovative entrepreneurs: Platform Digital, LLC is the commercial partner of this effort.  A spin-off of Carnegie Mellon University, Platform Digital has created software for authoring curricula within EventScope.  This software is easy to use and requires no computer programming experience to customize EventScope’s capabilities to teach a variety of concepts.  As a subcontractor, Platform Digital will provide and adapt their existing software to support the EventScope Portal to Mars.  The main advantage to Platform Digital involvement is the usage of the authoring tool, seeking applications and revenue streams from the educational world as well as similar efforts that can use the same technology.

1.8 Evaluation

Our project will be evaluated with two general criteria: its technological performance and its educational merit.  

Technological performance: The technological performance of the EventScope Portal to Mars will be based on enabling universal access and providing scalability.  We will optimize the CPU, memory and network efficiency of the EventScope software to provide access to a majority of classroom computers.  Support for slower school networks will be a key challenge.  Cases of classroom computers incompatible with our software will be documented.  Scalability of the EventScope Portal to Mars and curriculum servers will be evaluated through client latency.  Using network analysis tools we will investigate how client latency is affected by large numbers of users.

Educational merit: The potential educational impact of this program is considerable and, judging by the outcomes of the LAPIS program (Arvidson, et al., 2000), runs the spectrum from students simply developing a better understanding of Mars, to students whose career and life goals have changed to encompass a new-found love of planetary science.  With significant efforts put into extending the reach of this program through the use of distance-learning technologies, it is expected that the number of students impacted will continue to grow.  The outcome for teachers will be increased knowledge and skills that may be transferred to the science, math, or technology classroom.  

The call for national standards in science and technology education was brought about by concern for the scientific and technological literacy of the nation’s students.  Our efforts will impact students and teachers throughout the country due to our focus on National Research Council National Science Education Standards and the International Society for Technology in Education National Educational Technology Standards for Students.  Specifically, EventScope Portal to Mars curriculum will address the following standards:

Science:

· Content Standard A: Abilities necessary to do scientific inquiry; Understandings about scientific inquiry

· Content Standard B: Understanding Motions and forces; Interactions of energy and matter

· Content Standard D: Energy in the earth system; Geochemical cycles; Origin and evolution of the earth system

· Content Standard E: Understandings about science and technology

· Content Standard G: Science as a human endeavor; Nature of scientific knowledge Technology:

· Foundation Standard 3: Use technology tools to enhance learning, increase productivity, and promote creativity.

· Foundation Standard 4: Use telecommunications to collaborate, publish, and interact with peers, experts, and other audiences.

· Foundation Standard 5: Use technology tools to process data and report results.

· Foundation Standard 6: Use technology resources for solving problems and making informed decisions.

· Foundation Standard 6: Employ technology in the development of strategies for solving problems in the real world.

The EventScope Project will also employ both formative and summative approaches to evaluate its educational impact through ASU-led assessment and evaluation workshops that include typical user groups.  Formative evaluation provides the technology development team with student and teachers feedback that guides the design process.  Students and teachers will use the interfaces and training materials throughout their development and provide feedback about value and ease of use via online surveys, teacher workshops carried out by ASU, and participation in the empowerment evaluation.  EventScope also uses Internet-based tools to document student usage in terms of time per lesson page and student response time to track how students become familiar with a lesson module.  Summative evaluation assesses the effectiveness of a finished product.  Summative assessments will be carried out through the use of pre- and post-testing via online surveys.  Such assessment will allow us to understand the impact of bringing planetary exploration to a student’s desktop.
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