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Program Overview

The ROVer Ranch (R2) is a fully interactive, Web-based robotics workshop for assembling the hardware and instructions required for a robot to perform a mission in a virtual environment.  R2 gives students and educators an opportunity to learn and apply basic math and science concepts and to observe the behavior of a system they design.  The first R2 simulated mission environment is centered on the International Space Station (ISS) and the mission goal is to navigate to various locations on the ISS and perform video reconnaissance.  This mission and prototypical robot are based on the Sprint AERCam
, a small spherical free-flying camera platform used for outside inspection of spacecraft which has been placed within the context of an ISS VRML model backdrop.

The R2 experience starts by presenting the learner with fundamental information about robotics, mission goals and facts about the orbital environment.  Based on this information, the student builds and programs their virtual robot to accomplish its task.  They design the robot by selecting parts needed for various functions such as propulsion, electric power, navigation and inspection. Selection of parts relies on application of basic principles from mathematics and science to the goal of designing a successful robot.  The idea is to involve students in a simplified design and programming task that exercises skills in mathematics and science, not as learning abstract facts, but as tools that effect an outcome that they can explore interactively.  The connection of the R2 virtual world with curricular goals is reinforced by providing teachers supporting information and activities tied to state and national standards.  These resources explain how to apply the knowledge from a standardized curriculum to making design choices.  

Once the robot is constructed, students enter an interactive simulation that places their robot in a 3-D virtual environment centered on the ISS.  Commands available in the simulation depend on the design of the robot, and the various systems interact with each other and the environment in ways that reinforce instructional content.  Students gain an understanding and appreciation for science and mathematics by having to apply the concepts in order to design and control their virtual robot, and by seeing the results of their choices play out before them in the simulation.  

Because the project is entirely virtual, it scales to an enormous audience over arbitrary distances.  R2 is not intended to be a detailed simulation of space hardware, but rather is designed to emphasize educational concepts related to robotics and the environment of the mission. For example, the complex task of navigating through the ISS will be idealized as a path planning activity that emphasizes spatial visualization and coordinate geometry rather than specific knowledge about the structure of the ISS.  Sizing lights and batteries will reinforce simple electrical concepts such as electrical units and Ohm’s law.  The mass of the vehicle (determined by the design choices of the students) will impact fuel consumption for a given maneuver.  

Students will monitor the progress of their robot through an instrument panel and the VRML display.  The VRML display is driven from the navigation module of the robot so that it allows the student to “fly” through the ISS with their robot.  Gauges on the instrument panel show consumables such as propellant and electric power as well as environmental information such as lighting, temperature and time.  The elapsed time in the simulation world is different from wall clock time because many actions require significant time to complete in the real world.  These times are reflected realistically in the simulation, but only as “sim time” so that the effect of commanding a time consuming maneuver is to see it played out as if by time-lapse photography.  Consumables that depend on time are depleted realistically, but the student doesn’t have to wait on the simulation to see the results.

Our plans for this year are to include additional robot functions and two more mission/environment scenarios.  The added functions will be centered on ways to demonstrate concepts from science and mathematics with hands-on interactive activities.  A first step in this direction is the inclusion a path planning module for students to program the path and actions of the robot.  The initial beta release provides an interactive “fly through” capability that serves the basic purpose, but we see the opportunity to illustrate fundamental concepts of coordinate geometry by allowing the students to plan their robot’s movements in a grid world. In middle and high school math classes, students are repeatedly drilled on the concepts of locating objects in a coordinate system, but these exercises frequently lack an application, thus students often learn the material without knowing why.  The path planner will provide a focused application and allow a complex maneuver to be built from simpler pieces.  This introduces the concept of programming in a natural way while significantly enriching the behavior of the robot.

A related module is the inclusion of a scripting capability, which permits a sequence of commands to be specified in advance.  Creating a script for your robot that results in mission success is a significant activity that provides a gentle introduction to computer programming.  The third and most ambitious enhancement will be to introduce intelligence into the robot’s behavior. This intelligence will take the form of rules which will specify an action based on conditions in the environment.  For example, before taking a picture, the student’s script would check the light sensor and only turn on the light if the target were in shadow.  Similar logic will be applied for avoiding obstacles and path planning.  All of these activities are rich in the cognitive skills required for the modern world.  Unlike traditional exercises for teaching these subjects, R2 provides a way to learn and apply these fundamental skills and see the results as they happen.

Program Need

A needs evaluation of the education community by the NASA Education Division has identified several areas of challenge for LTP activities which are:

1) to develop standards-based products that extend learning opportunities beyond what can already be offered with traditional instructional media

2) to provide resources and processes to enable educators to be situated as learners and to select and use products in ways that help students meet high standards

3) to ensure resources, products are designed to target specific learning objectives and curriculum standards, along with consideration for the research on how students/adults learn and how they use technology tools

4) to provide inquiry-based, technology rich content to classrooms through data analysis, network science, and telecollaboration for teachers and students

To meet these needs, the proposed ROVer Ranch implements a set of standards-based, NASA related science activities within an interactive Web environment which reaches beyond traditional instructional media by incorporating 3-D VRML browsing capabilities, innovative Web techniques, and the unique perspective of the NASA mission.  R2 is designed to emphasize the educational concepts related to robotics and it’s related space mission while situating the educator as a learning facilitator.  As the teacher and student progress through the software simulation, their scientific inquiry presents many opportunities for solving problems related to robotic engineering, analyzing conditions to produce solutions, planning, testing, execution, collaboration and reporting of results to peers.  To ensure that the R2 product is accessible to a wide range of teaching styles, activities will be included that encompass more traditional forms of curriculum delivery in which the students are given input, demonstrations, guided practice and then allowed to perform independently.  This mix of learner-centered and traditional teacher-led activity will provide a useful product for multiple teaching modalities.   

The rationale for the need to offer a mix of cognitive and traditional styles is based on the tenet that there is no single philosophical consensus in the education community regarding traditional fixed curriculum strategies or learning as a process as a best practice
. The types of teaching practices a learner might experience over the course of a school day depends largely on the instructor and can range from traditional drill and practice worksheets, reinforcement and reward systems to more complex, project-based environments where the learner is the active generator of knowledge.  It has been noted that the development of successful instructional technology materials is dependent on the availability of  “several options for teachers to use materials given the realities of the classroom environment, content and teaching practice”
. 

The program need for inquiry-based instructional products is supported in a recent presidential report
 which points out that educational technology has the potential to support fundamental pedagogic changes in education by focusing on the activities that promote the acquisition of higher-order thinking and problem-solving skills.  These activities are often associated with the constructivist paradigm in education which emphasizes complex, student-initiated projects, inquiries, and problem-solving activities and it is within this context the panel suggests that information technology would be suited to present:

· environments for the simulation of any wide range of devices and machines 

· environments for domain-specific problem-solving 

· a vehicle for various forms of interactive exhibits and demonstrations 

· user-friendly environment for the acquisition of basic programming and system design skills

These information technologies describe a core element of the R2 simulation in which students build, test and perform robotic missions in remote environments. 

Concurrently, while R2 supports the constructivist, project-based model it also incorporates fundamental elements from traditional behavioral styles of teaching to obtain measurable goals and objectives which are a mainstay of the education community’s standards-based curriculum.  As noted by Rand, complete reliance on project-based learning may pose a risk to education reform and that “…a partial alternative to this use of technology, is content software that incorporates some of the structure of current textbooks but does so in a manner that engages students in a far more effective way.  Such software would be sophisticated in pedagogy and rich in the imagery required to motivate the attention of today's adolescent student.”
  Information collected from a recent focus group
 at JSC supports the observation that there is a wide range of teaching practice in schools today and the need to support multiple teaching modalities is an important aspect of a successful project.

JSC LTP Program Goals

The highest level program goals of the Johnson Space Center Learning Technologies Project (JSC LTP) are derived from the direction NASA takes from the National Education Initiative
 as outlined by the U. S. Department of Education and NASA’s Implementation Plan for Education 1999-2003
.  The JSC LTP directly supports the National Education Initiative foundation pillars to develop innovative learning tools and strategies and to provide teacher training and support to help students utilize computing technology and the Internet.

The JSC goals are aligned with NASA’s policy regarding educational technology to research and develop products and services that facilitate the application of technology to enhance the educational process for formal and informal education. Specifically, the NASA/JSC program supports and meets the educational technology objectives of the NASA Implementation Plan for Education 1999-2000 which are to:

1. produce technology-based teaching tools derived from the NASA mission  

2. use emerging technologies as applied to an educational program

3. utilize technology to facilitate communication within the education community 

4. involve educators in NASA missions through innovative use of technology, and 

5. conduct research into new teaching practices made possible through NASA mission-derived technology.

Additional complementary, internal program goals set by the JSC LTP are to:

1. provide innovative Web-based applications which advance learning by hands-on exposure to design, synthesis and critical thinking activities in the areas of science, engineering and mathematics, 

2. exploit the scope and scalability of the Web to provide interactive, student-centered activities focused on NASA’s mission, 

3. develop and disseminate unique and innovative Web-based content and applications which leverage NASA mission and technologies to promote learning in science and mathematics

4. disseminate NASA information, particularly science and math materials

The JSC LTP program goals also align where applicable with external education body standards such as those put forth by the National Science Teacher Association
, technology guidelines being developed by the International Technology Education Association
 and the Texas Education Agency Standards as outlined in the Texas Essential Knowledge Skills (TEKS)
.

Technology Use

The ROVer Ranch was conceived to extend NASA’s support of inquiry-based instructional paradigms by broadening traditional content with elements of synthesis, design and simulation.  NASA has led in the application of high technology virtual environments and simulations for internal training; however barriers of cost, platform dependency and distance have limited the spread of such applications.  R2 exploits emerging technology and exponential growth in desktop computing power to bridge the gap between the laboratory and the classroom.  

Specifically, the R2 robot builder, simulation engine and orbital environment are computer programs written in Java, a cross platform solution that runs inside the clients’ Web browser.  In addition to the novel Web-based delivery mechanism, Java supports a mature, capable object programming paradigm, which is near ideal for implementing simulation applications with reusable, cost-effective, and maintainable objects.

While Java provides the intelligence, R2 requires a low-cost, 3-D graphical capability.  Traditionally, such capabilities have been expensive to create, platform dependent, and difficult to maintain.  The solution for R2 is the Virtual Reality Modeling Language (VRML) standard.  VRML is a platform-independent standard for the delivery of 3-D content over the Internet.  Finally, since NASA has already developed a VRML model for the ISS, we are able to focus our resources on developing the builder, simulation, and environment modules.

R2 leverages advances in Web and network technology to bring simulation code and a 3-D viewer to the desktop in the classroom, library or home.  Students and teachers do not just see information, but are able to manipulate it, synthesize strategies, and ultimately record successful sequences in the form of expert system rules, which incorporate the knowledge we are trying to convey.  NASA and other high-technology organizations have long exploited these advanced software capabilities for training, design and mission planning.  Inexpensive, powerful desktop computers, along with advances in Web technology, make it practical to bring these tools out of the lab and into the home and classroom.  Interactive simulations provide students and educators a means to bring factual content to life in a way that affords opportunities for learning through experimentation and application.  Learners can use the concepts from their textbooks as tools that they can test, apply and see in action.  Moreover, the potential for interactive collaboration on the Internet is unlimited.  R2 capitalizes on these capabilities by encouraging learners to record their results and observations and share them with others in the form of e-journals.

The Internet is an ideal vehicle for making these applications available on a global basis.  As a practical consideration, software and content can be updated and enhanced from a central server bypassing the cost and installation issues of traditional distribution media.  The scale and global scope of the WWW is erasing barriers of cost and distance and will ultimately make these tools, once the exclusive province of the highest of high tech, available to everyone. 

NASA Content

The content of the ROVer Ranch is based on the NASA mission as it relates to robotics engineering.  The first R2 mission scenario is a virtual inspection of the International Space Station (ISS) by a teleoperated robot.  The goal of the mission is to navigate the virtual robot to a specified location on the ISS and perform visual reconnaissance.  This robotic mission is based on the AERCam Sprint, which permits astronauts to inspect a location without an EVA, or view locations not visible, by an EVA crew member or remote manipulator system.  While the final goal of the mission is to inspect the ISS, students must build the robot to do the inspection from the ground up, test its capabilities, plan the mission steps and then execute the reconnaissance mission.  Other planned mission scenarios will incorporate ground up planning and development of robotic exploration by the student.

Program Design and Learning Goals

The R2 program is designed as set of interconnected Web pages that lead and instruct the learner in activities related to robotics engineering.  The instructional goal process
 and learning activities of the ROVer Ranch are as follows:

Proceed from the known to the unknown - Robot stereotype to robotics as a concept

     Activities: 

        1.  Describe and write about examples of robots in popular culture in student e-journals. 

        2.  Define the vocabulary words. List examples of the items in student e-journals. 

        3.  Reading selections listed to enrich the students understanding of fictional robotic literature. 

Proceed from the simple to the complex - Robot as a tool to a more complex definition

     Activities: 

        1.  Review and illustrate the history and development of robotics. 

        2.  Examination of the definition and traits of a robot. 

        3.  Analyze and distinguish different categories of robots. 

Proceed from the concrete to the abstract - Known examples of robots to requirements to build a robot

     Activities: 

        1.  Inventory of systems required to build a category of robot. 

        2.  Compare and contrast elements of each category requirement. 

Proceed from the particular to the general - Specific robot task to other robot tasks

     Activities: 

        1.  Design and construct a ROVer model based upon mission selected. 

        2.  Examine and appraise systems of ROVer for compliance with characteristics for success. 

        3.  Investigate other potential robot tasks in this mission environment. 

Proceed from observation to reasoning - Carry out robot task and measure "success" by observing, measuring, recording, analysis, and synthesis

     Activities: 

        1.  Test robotic design for functional integrity. 

        2.  Plan and diagram point to point program for mission goal. 

        3.  Experiment with alternate methods to accomplish mission goal. 

        4.  Execute ROVer mission in simulated environment. 

        5.  Collect and examine data on mission characteristics. 

Proceed from a whole view to a more detailed view - Share results of robot task and then analyze

     Activities: 

        1.  Observe and record success and failure of different methodologies. 

        2.  Engage in discussion with others regarding shared observations. 

        3.  Evaluate and record potential improvements to your mission planning and execution. 

        4.  Challenge yourself to build a better bot!

Assessment

The JSC LTP has a three tier approach to program assessment.  At the top Agency level, JSC utilizes the NASA-wide, Internet-based data collection and reporting systems EDCATS that is designed for use in the field by program managers and participants.  Monthly EDCATS reports are submitted by JSC to track basic data elements of the program, improve program quality, increase cost effectiveness and provide accurate reporting of program performance.

The information that is collected and entered into the NASA EDCATS systems is derived from the second tier of assessment, the LTP Management Plan
 and the metrics specified therein.  The LTP metrics include data such as major accomplishments, awards and recognition, Web statistics, public outreach, conferences, publications, and schools impacted.  Additional third level assessment activities that occur at the JSC field center level include periodic surveys of users, educator evaluations, evaluations of Web logs, technology transfers, and review of online feedback forms.  All of the data collected provides information regarding the quality of our products, the ability to find needed information, value of the content and comments on the presentation of the material.  The information collected also permits us to evaluate successful practices, identify areas for improvement and track participation levels.      

Milestones

These activities will be incorporated into the basic beta architecture of the ROVer Ranch.  The milestones for the JSC LTP FY00 are:

01/24/00 Path Planner – Incorporate a Web-based activity that applies the basic mathematical concepts of tracking objects through a coordinate system and then solving the problem of navigating a robot through its environment.

04/24/00 Scripting capability - Provide a means of capturing, recording, modifying and testing sequences of interactive commands inside the simulation.

06/05/00 Evaluation and assessment of product by education community 

08/07/00 New mission/environment scenarios

09/29/00 Interface for intelligent autonomous operation - Provide a means of making actions conditional on environmental parameters through a simple rule-base.

Budget

Labor

Contractor:  200K

Civil Service (0.75 FTE)

Travel

Contractor:  6 K (4 trips)

CS: (2 trips)

HW/SW

9K

�Autonomous EVA Robotic Camera (AERCam) Sprint Overview


http://tommy.jsc.nasa.gov/projects/Sprint/aercam-sprint-overview.html  


� “Internet Use by Teachers” Henry Jay Becker from Teaching, Learning and Computing 1998: A National Survey of Schools and Teachers  (last revised 2/99) Center for Research on Information Technology and Organizations (CRITO)  http://www.crito.uci.edu/TLC/FINDINGS/internet-use/


� Web-Based Instruction and Learning: Analysis and Needs Assessment  Barbara Grabowski, Marianne McCarthy, Tiffany Koszalka  Document NASA/TP-1998-206547


� Report to the President on the Use of Technology to Strengthen K-12 Education in the United States


President's Committee of Advisors on Science and Technology, Panel on Educational Technology.  March  1997.  http://www.whitehouse.gov/WH/EOP/OSTP/NSTC/PCAST/k-12ed.html 


� “Fostering the Use of Educational Technology: Elements of a National Strategy”  Thomas K. Glennan, Arthur Melmed  Document MR-682-OSTP, Rand, 1996 http://www.rand.org/publications/MR/MR682/contents.html


� Robotics and Life Science Focus Group Report  Debbie Brown, Rhonda Scholwinski,  Teaching From Space Program 1999  


� “Getting America's Students Ready for the 21st Century: Meeting the Technology Literacy Challenge”


A Report to the Nation on Technology and Education.  Richard W. Riley, Secretary. U.S. Department of Education.  Washington, D.C. 20202  June 1996  http://www.ed.gov/Technology/Plan/NatTechPlan/


� NASA Implementation Plan for Education 1999-2003.  Frank Owens, Director Office of Human Resources and Education, Education Division, NASA Document EP-1998-12-383-HQ


http://education.nasa.gov/implan/exec.html


� NSTA National Science Education Standards  http://books.nap.edu/html/nses/html/


� Technology for All Americans: A Rationale and Structure for the Study of Technology International Technology Education Association 1996.  http://www.iteawww.org/TAA/Taa_tech.pdf


� Texas Education Agency Standards for Texas Essential Knowledge Skills (TEKS)


http://www.tea.state.tx.us/teks/


� Instructional Technique  I.K. Davies  New York: McGraw-Hill, Inc., 1981


� Learning Technologies Project Management Plan Fiscal Year 1999 Mark Leon, Ames Research Center


http://learn.ivv.nasa.gov/ltpmgmt/overview/index.html





