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Vision and Mission: Overview of the GRC Program 


The NASA Glenn Learning Technologies Project (GLTP) consists of two aspects.  They are Educational Technology Applications Development and the Distance Learning Technologies Project. 
Educational Technology Applications Development – This effort involves the development of educational applications that utilize emerging computer and communications technology and provide tools to enhance educational experiences.


Distance Learning Technologies Project – This effort uses distance learning technologies to share with students and teachers programs developed by NASA scientists, engineers and educational specialists. 

The NASA GLTP includes a series of activities based on propulsion and aeronautics incorporating emerging Internet technologies (i.e., Java, 3-D, and Flash applications).  These activities will pair educational technology applications with distance learning technologies to stimulate students’ enthusiasm in essential mathematical, science and engineering concepts.

The educational technology applications are developed by NASA Glenn Research Center to simulate aeronautics related concepts leading students to discover basic scientific principles by engaging in problem solving activities.  These web-based activities can be used alone or in conjunction with videoconferences originating from NASA Glenn Research Center.

The programs developed for the Distance Learning Project are based on current NASA missions.  NASA employees describe the project they are working on, while emphasizing the relevant mathematics, science and technology concepts.

In the next five years the NASA GLTP will participate in activities centered around the 100th anniversary of flight by the Wright Brothers.  This milestone anniversary will be celebrated by web-based activities and corresponding videoconferences centered on the historic first flight and the process the Wright Brothers used to become the world’s first test pilots.  The steps in this process will be correlated to current NASA research projects. 

Pre- and post-assessments by both students and teachers will be evaluated for continual improvement of both content and the distance learning medium.  EDCATS will measure learner outcomes and metrics gathered through these assessments, and changes and improvements will be incorporated.

Need or Problem the Center Program Addresses


According to the National Center for Educational Statistics (Educational Outcomes section of "Mini-Digest of Education Statistics 1997"), in 1994 the majority of high school students took only 2 academic credits each of mathematics and science.  And the minority took college preparatory curriculums consisting of 3 academic credits each of mathematics and science. Clearly these statistics indicate a need for increased interest and proficiency of mathematics, science, and technology. Additional statistics show that the percentage of public schools connected to the Internet has increased each year from 35% in 1994 to 95% in 1999.  The NASA GLTP seeks to utilize the popularity and increased prevalence of Internet access to stimulate student’s enthusiasm for mathematics, science, and technology information. By making available educational enhancement products and services that incorporate the excitement of airplanes and flight, students are given an enticement to learn and use mathematics, science and technology skills.   

The NASA GLTP conducted a needs assessment for its videoconferencing project in the spring of 1998. A report on the results of this study is located at http://www.lerc.nasa.gov/WWW/K-12/CoE/Report_on_Glenn_LTP_Distan.htm. The results of this study found that there is a significant need for the establishment of a videoconferencing program. The NASA GLTP began to offer videoconferencing workshops to students in February of 1999. Within a month, the requests for these videoconferences rose to over one conference/day, indicating an enormous interest and need for content providers of science, math & technology subjects to be a part of videoconferences within the educational community.  Videoconferences and web-based activities are the mediums used to disseminate the GLTP products and services.

Center Program Objectives

Customer Impact Performance Goal & Indicators



The goal of the NASA GLTP is to make available, to the target audience, educational enhancement products and services that use NASA’s mission in aerospace as a theme, and that are delivered through the use of computing and communications technology, focusing on mathematics, science, and technology principles.  The target audience, or customers, are the educational community, specifically students and teachers but also lifelong learners.  Performance indicators include the metrics in Appendix A.

Customer Usability Performance Goal & Indicators



Customer usability is assured through users being involved not only in the design process but also extensive beta testing before the product is put in production.  Actual users of the product are asked to evaluate appropriateness and effectiveness to their educational setting.  Their feedback is carefully considered in revisions of existing products and design of new products.

Content and Learning Goals

  The content that the NASA GRC LTP will focus on will be aerospace propulsion, and research programs at the NASA GRC will be highlighted. The goals for the NASA GRC LTP are to have learner outcomes that are aligned with the national educational content standards and will be measured through the use of EDCATS, as well as user feedback and continuous assessment. 

Software Simulations

1) FoilSim v1.0 is a package that simulates the air flowing over an airfoil and over a baseball. Contained within the package are slider bar controls, graphical outputs, and ready-made lessons. In FY01 work will continue on FoilSim v2.0. This version will incorporate a stall model and the atmosphere of Mars with other suggestions received during the field testing of FoilSim v1.0.

2)  EngineSim is a software package that simulates a working aircraft engine. This package also contains slider bar controls and graphical outputs.  EngineSim contains rate and distance problems.  During FY01 EngineSim will be revised as a result of a field test, and an updated version of EngineSim will be completed.   Modifications include changing the Design/Test mode to model ramjet engines as well as turbine engines.  Ramjets are used for speeds above Mach 2 and below Mach 6 and are being considered as part of the propulsion system for hypersonic cruise and for re-usable launch vehicles.  A hypersonic missile will be added to the Range mode.  The missile will be powered by a ramjet, so that students can study the operation of this type of engine.  In FY02, two additional engine types will be added, afterburning turbofans and turboprops.  Additionally, online instructions and background information on propulsion will be revised based on feedback from a field test.

Web-Based Educational Material

1) Beginner's Guide to Propulsion The Beginner's Guide to Propulsion (BGP) is web-based reference material created in FY99 to provide background information on basic propulsion principals such as thrust and Newton's third law of action and reaction.  The BGP is designed for secondary mathematics and science teachers and lifelong learners. The pages were prepared as teaching aids to support EngineSim. In FY00 problem sets that were created during the FY99 summer workshops to accompany the BGP, were field tested along with the EngineSim program.  Revisions will be made in FY01 based on the feedback from the field test.  See Appendix B for a sample problem.

Teacher Videoconferencing Workshops
1) Introduction to Aerodynamics and FoilSim demonstrates how grades 7-12 mathematics and physics teachers can use basic aerodynamic theories, incorporated into interactive lessons, to enhance classroom instruction. It includes understanding the forces that affect an aircraft. The slides used in the presentation are available at the Beginner’s Guide to Aerodynamics (BGA) (http://www.grc.nasa.gov/WWW/K-12/airplane/bga.html). The workshop also introduces the basic classroom uses of FoilSim.  See Appendix E for National Mathematics Standards met by FoilSim.


2) Introduction to Propulsion and EngineSim demonstrates how grades 7-12 mathematics and physics teachers can use basic propulsion information, incorporated into interactive lessons, to enhance classroom instruction. It includes understanding the reasons for different types of engines. The slides used in the presentation are available at the Beginner’s Guide to Propulsion (BGP) (http://www.grc.nasa.gov/WWW/K-12/airplane/bgp.html). The workshop also introduces the basic classroom uses of EngineSim.


3) Using NASA Educational Internet Sites in the Science Classroom shows science teachers of grades 3-8 and 9-12 how to use NASA Internet sites to enhance their curriculum. Online interactive projects and exercises are included, and time is allotted for questions and answers. 

Student Videoconferencing Workshops (See Appendix C for complete descriptions, See Appendix D for Standards Addressed by Student Videoconferences)

1) Virtual Icing Research Tunnel Tour

2) Aeronautics 

3) Aircraft Safety and Icing Research 

4) High Speed Flight 

5) History of Humans in Space 

6) History of Rocketry 

7) The Incredible Lever 

8)  Introduction to EngineSim

9)  Introduction to FoilSim

10)  Topics in Aerodynamics and Propulsion 

11)  Meet a NASA Employee Involved in Aerospace Research 

12)  Propulsion 

13)  Tours of NASA Glenn Research Center Facilities 

14)  Human Exploration and Development of Space 

15)  Human Exploration of Mars and the Solar System 

16)  Mission to Planet Earth 

17)  Exploration of the Solar System 

18)  Mars 

19)  The Moon 

20)  Number Perspectives 

21)  Space Questions 

22)  Space Science 

23)  Travel to Distant Stars 

24)  The World of Robots

25)  Comets

26)  Elements of Space

27)  Energy from the Sun

28)  Space and the Solar System

29)  Exploring Mars:  Parts 1-5

30)  Mars Millennium Project

Uses of Technology



The NASA GLTP creates educational enhancement products in an html format. These products are housed on the GLTP web server and are available to the educational community via the Internet.  Additionally, other educational enhancement products, such as the software simulations, are created in Visual Basic, 3D and Flash applications, and in Java, allowing for users of both PC's and Macintoshes to access the programs. These programs are also available on CD-ROM and can be downloaded from the GLTP web server via the Internet.   




The NASA GRC Learning Technologies Program uses the Integrated Design and Analysis Center and the NASA GRC videoconferencing facility to conduct videoconferences with schools with compatible videoconferencing equipment. NASA's videoconferencing system is compatible with the following video protocols: H.320 (most equipment meets this standard), H.CTX, H.CTXP, CTX, and CTXP. Conferences can be viewed with PictureTel, VTel, or CLI equipment. The NASA GLTP also has the capability to use CUSeeMe desktop conferencing technology for conducting workshops.



The NASA GLTP participates in the NASA Learning Technologies Channel project, managed by the NASA Ames Research Center. The technology used by the LTC includes Internet based Real Media applications and web chats.  This technology is used to achieve GLTP's goal by establishing delivery mechanisms for both the products and services GLTP offers the educational community.

The Multipoint Conferencing Unit (MCU) Project is being conducted in order to contribute to the LTP goal, which is "To research and develop products and services that use NASA content and that facilitate the application of technology to enhance the educational process for formal and informal education and life long learning."  The MCU Project has set two objectives in order to establish a measurable contribution to the LTP goal. The objectives are to increase the customer base for the videoconferencing element of the GRC LT Project and to be able to easily set up and conduct videoconferences from anywhere at the Glenn Research Center, including inside test facilities. This will allow remote participants of videoconferences the ability to view the areas at Glenn in which NASA research is conducted.


In order to increase the customer base for the videoconferencing element of the GRC LTP and achieve the first objective, the MCU Project will establish the ability to videoconference to schools that use the H.323 Videoconferencing standard. Currently, the NASA GRC LTP connects only to schools that are using the H.320 Videoconferencing standard. The H.320 standard uses dedicated data transmission medium and direct dialing to establish the connection between sites. The H.323 standard uses non-dedicated Internet transmission medium and uses Internet Protocol Addresses to establish the connection between sites.  A needs assessment will be done before the purchase of an H.320/H.323 Bridge, which could be used to facilitate videoconferencing with schools that use either of these two standards.  


The second objective will allow the Glenn LTP to expand its videoconferencing capabilities to the GRC facilities. Being able to show remote participants the equipment and facilities will add a lot to the structure and content of the videoconferences. The videoconferences are structured to provide remote viewers with an interactive, real-world experience though exploration of a particular NASA research topic. The MCU Project will establish this ability through the use of a H.323 equipped workstation and a 330 NetConference Server.


The MCU Project will be conducted over a period of two fiscal years (FY01 & FY02) to establish these two capabilities, part of the equipment for the MCU Project was purchased in FY00. Four milestones have been established which mark significant accomplishments towards completely implementing the objectives of the MCU Project. Each milestone signifies a step in the process of establishing the complete Multipoint Conferencing Unit that can be used as described above. The four milestones are as follows and are illustrated in Appendix F:

1. Demonstration of H.323 to H.323 connection within GRC, with a target completion date of 12/31/00. 

2. Demonstration of H.323 to H.323 connection between GRC and a school, with a target completion date of 6/30/01.

3. Demonstration of the H.320 to H.323 bridge (Conference from the IDAC room H.320 technology) to a school using H.323 technology, with a target completion date of 12/31/01.

4. Demonstration of a videoconference from a GRC facility to a school - both using H.323 technology, with a target completion date of 6/30/02. 

Upon meeting milestone number 4, the GRC LTP will have met its objectives for the MCU Project.

Center Program Design 

Program Products:

Software Simulations


A team of NASA employees, contractors and summer interns, creates the Glenn LTP software simulations. Requirements for new versions of the software are gathered through feedback from the field testing of previous software packages, through needs assessments, at meetings with the end users (teachers and students) and consultation with NASA engineers. Members of the NASA GRC Office of Educational Programs (OEP), who possess expertise with the National Mathematics and Science standards, are consulted regarding the National educational content standards. These requirements are incorporated into the design and development of the software. Several internal review meetings occur throughout design and development to assess technical progress. Review meetings are also held with teachers to assess relevance and usability. Review meetings are also held with the NASA GRC OEP for review of alignment with the National educational content standards. 


Once the development of the code is complete, initial testing is conducted by a wide range of teachers and students to provide feedback on usability.  For example, students participating in the Explorers Scouts, a GRC OEP sponsored program, are sometimes asked to perform this testing to provide feedback.  After initial testing is complete, a beta test is completed to further refine and debug the program. When the revision based on beta testing is complete, the code is sent to teachers who have agreed to participate in field testing. During field testing, teachers use the software program and relevant reference material within their classrooms with their students. Further feedback is collected during field testing, which is documented into a field testing report. The feedback is analyzed to determine what, if any, immediate changes should be made to the software package. OEP will be asked to review the evaluation feedback form created for collecting feedback, and also to identify schools that would be good candidates for field testing the software.

Web-based educational material


Web-based educational material is created by a team of NASA employees, contractors, summer interns, K-12 in-service teachers, K-12 pre-service teachers and college professors.  Reference material on scientific concepts, designed to accompany the software simulations, is created by NASA engineers. The material is internally reviewed for technical and grammatical accuracy. Problem sets are created to provide teachers with ready-made problems for their students to solve using the software simulations or the reference material. These problem sets are created either by pre-service teachers during pre-service workshops within a college educational department class or by in-service teachers during summer workshops, hosted by the GLTP. The problem sets are reviewed internally for technical accuracy, grammatical correctness, and by the GRC OEP for alignment with the National Science and Mathematics standards. These problem sets are then field tested by teachers with their students. The feedback collected is documented into a field testing report. The feedback is analyzed to determine what, if any, immediate changes should be made to the problem sets. OEP will be asked to review the evaluation feedback form created for collecting feedback, and to identify schools that would be good candidates for field testing the Web-based educational materials.  BGA additions will include 3-D animations and applets utilizing the latest web technology of Interactive sound waves, Interactive shock waves, and an interactive rocket simulator.

Dissemination Mechanisms:
Videoconferencing Workshops


Videoconferencing workshops are coordinated by a NASA contractor and are presented by NASA employees and contractors. A schedule of teacher workshops and registration information is posted on the NASA GLTP web site at http://www.lerc.nasa.gov/WWW/K-12/CoE/Coemain.html. Videoconferences are conducted from the GRC Integrated Design and Analysis Center (See the section Technology Used for information on the type of videoconferencing equipment that is compatible.)


Guidelines for participation in student videoconference workshops and registration information are also located at http://www.lerc.nasa.gov/WWW/K-12/CoE/Coemain.html. These videoconferences are conducted from the GRC Integrated Design and Analysis Center.  (See the section Technology Used for information on the type of videoconferencing equipment that is compatible.) For many of the student videoconference workshops, preliminary information consisting of pre-activities or background information is sent in advance or accessed online.  In addition, during FY00, the NASA Glenn OEP assisted in selecting existing NASA educational material that can be used as pre-conference activities.  During FY01, these will be linked from the distance learning Web site.

Practice sessions are held for the presenters with members of the GLTP, the GRC OEP, and teachers and coordinators of K-12 distance learning associations. The presenters receive feedback and helpful hints. The presenter is then able to incorporate these suggestions prior to their presentation to the students.  Additionally, a list of guidelines for videoconference presenters is located at http://www.lerc.nasa.gov/WWW/K-12/CoE/Guidelines.html.

Evaluations of the presentations are collected through EDCATS. NASA GRC OEP will be asked to review the evaluation form used to obtain feedback from the videoconferencing programs. Feedback from EDCATS is also provided to the presenters in order to promote continuous improvement of the presentations. A summary of feedback collected on the GLTP videoconference project is available through the EDCATS reporting tools. 

Learning Technologies Channel


The NASA GLTP will encode one or more of the above videoconferences and schedule the programs on the Learning Technologies Channel, a collaborative effort of the NASA Learning Technologies Project, lead by NASA Ames Research Center.  The programs will consist of streaming an encoded videotape of a videoconference at a scheduled time, with the videoconference presenter in the web chat room, available for answering questions.


In addition to the above-mentioned implementation and partnerships, the following summarizes a portion of the partnerships and collaborations the GLTP is a part of:

Integration with NASA GRC Office of Educational Programs (Center Education Office)


The NASA GRC Office of Educational Programs (OEP) will be asked to provide national standards expertise during the creation and modification of the GLTP products, along with any other input from an educational expert standpoint.  OEP will be asked to participate in the review process of the educational products. OEP will be asked to review the EDCATS evaluation feedback form created for the products.  Students participating in the Explorer Scouts, an OEP sponsored program, will be asked to test GLTP software products. OEP will be asked to identify schools that would be good candidates for field testing educational material, to identify existing NASA activities to accompany the distance learning workshops and to assist with the distance learning practice sessions. The GLTP will provide in service training for GRC OEP staff, the ERC coordinator and Glenn Aerospace Education Specialists on GLTP products at an OEP coordinated in-service training session. GLTP will participate in two Glenn OEP sponsored events, a workshop at NASA on the North Eastern Ohio Educators Association (NEOEA) Day and the NASA booth at the NSTA Midwestern Area Convention. GLTP will provide two training sessions on GLTP products during OEP's workshops on NEOEA Day and will provide, at a minimum, literature and disks to hand out at the NSTA Midwestern Area Convention.  

Another area of collaboration/integration will be the development of the assessment process for the GLTP series of activities.  Meetings will be held between GLTP& OEP to develop a strategy for how this series of activities will be assessed. The outcome objectives will be identified, a way to determine if the objectives were met decided upon, a method/instrument to collect the information necessary to determine if the objectives were met developed, and the assessment process implemented and refined as necessary based upon review of the validity and value of the collection methods.

A recent area of collaboration/integration will be centered around the Wright Brothers Centennial of Flight Project, led by the Office of Educational Programs.  The GLTP will provide, within present budget constraints, web-based material and a videoconference to start this celebration in FY01.

High Leverage Partners and Collaborators

GRC Aeronautics Directorate



Experimental Aircraft Association (EAA)

GRC External Programs Directorate


Northern Ohio Teacher’s Association

GRC Ultra Efficient Engine Technology (UEET)
Wright Patterson Air Force Base

GRC Aerospace Power & Propulsion R&T Base
University of Akron

GRC Computer Services Division


Ohio Distance Learning Association

WVIZ-TV





COSI-Toledo

Collaboration with Other LTP Centers

             Learning Technologies Project Office

INMARSAT Satellite Terminal Project

In FY99 GLTP purchased an INMARSAT portable Satellite terminal and constructed a setup to allow for remote Internet access at 64kbs speeds. The equipment needed to make the connection consists of a laptop computer, a 2514 Cisco Router at the remote location, the INMARSAT portable terminal, and a 4500 Cisco router at the NASA Glenn Research Center. The setup allows for two-way data communication through the use of a satellite link between the remote terminal and a ground station and through the use of an ISDN link between the ground station and the NASA Glenn Research Center.   

All of the equipment was purchased in FY98. In FY00 NASA GLTP tested and configured the equipment for the setup described above. In FY01 NASA GRC will continue to serve as the backup Internet service provider when the remote terminal and/or the NASA GRC ISDN network is used for various NASA educational and collaborative events.

Digital Audio Network 
            The GLTP will continue to support the Digital Audio Test Bed project, led by the Learning Technologies Project National Office.  During FY00, GLTP has been helping with the dissemination of real media broadcast over the Learning Technologies Channel and will continue to do so during FY01. 

Ames Research Center

Aero Design Team Online

In partnership with various NASA GRC researchers, GLTP will provide biographies of the NASA GRC researchers and will schedule the researchers' participation in Web chats for the Aero Design Team Online Project.  

Learning Technologies Channel

The NASA Glenn LTP will supply at least one encoded video file for the Learning Technologies Channel. In addition, a web chat with the presenter of the video will be arranged.


Langley Research Center


CONNECT

The NASA Glenn LTP will offer assistance to the NASA Langley LTP, as needed, to incorporate the use of materials from the BGA into a CONNECT program. 

Assessment/Evaluation

For the NASA GRC LTP, three types of feedback will be collected: 

1. Feedback on the participants’ overall experience. (An example would be if participants’ not only had an enjoyable experience but felt more comfortable with an aeronautics principle as well.)

2.  Assessment of how well the objectives of the pre-conference activities and videoconferencing events were met. The method and implementation of this will be developed along with the pre-conference activities in collaboration with NASA GRC OEP. (See section on Integration with OEP).

3. General comments and stories that arrive via e-mail and other means will be collected through EDCATS.

EDCATS 


EDCATS will be used to evaluate all of the videoconference programs. The short event feedback form will be used to collect the data. When teachers do not have access to the Internet to complete their evaluations on line, a hard copy of the evaluation form will be sent to the teacher’s school.  The teachers will be asked to complete and return the form to NASA GRC, where it will be entered online by one of the GLTP staff.


Customer Feedback/Pilot Testing


Customer feedback will be gathered on the software simulation programs and the web-based educational material.  Information such as ease of use, value as a science supplement, effectiveness in teaching concepts and any other feedback will be sought.  The feedback forms will both be in hard copy format, distributed with the software package, and online through EDCATS. In addition, e-mail testimonials are collected from the end users of the GLTP products and services. 

An online customer feedback form will be placed on the NASA Glenn LTP Web site. Information on quality of information available, ability to find information, content, presentation of material and other feedback will be sought.


Within EngineSim, a feature is available that tracks the student's responses to the problems within the program which can be made available to the teacher in the form of a report. The teacher can easily see from the student's responses the areas in which the student is having difficulty. During field testing, a select group of teachers will be asked to collect reports of their student's answers while working with EngineSim, to include in their feedback. In addition, select teachers who are field testing EngineSim, will be asked to assign their students to write a paragraph summarizing "what they have learned while using EngineSim." Extra credit or some other type of incentive will be given for this assignment. These paragraphs will also be included in the feedback received during field testing.    

Milestones

Center Milestone #
Milestone
Date

4.2.2.GRC.1
Produce 3-Dimensional Modeling Software: 

1)EngineSim V.2 Requirements Identified & Prototype Designed

2)Wright Bros. Celebration Web-based Kite Design Contest

3)Web-based Educational Materials-Interactive Sound Waves

4)Pre-Videoconferencing Activities

5)Videoconferencing Workshops-ongoing

6)Videoconference Assessments-Identify Objectives

7)Learning Technologies Channel-Videoconference Encoded

8)Conferences and Papers-Distance Learning Paper
6/30/01

6/30/01

1/31/01

6/30/00

9/30/01

6/30/01

6/30/01

12/31/00

4.2.3.GRC.2
Produce Simulation Software for Education: 

1)FoilSim on Mars Requirements Identified & Prototype Designed

2)Wright Bros. Celebration-Flying With Kites Videoconference

3)Web-based Educational Materials-Interactive Shock Waves & 

   new Java applets to change parameters in FoilSim & EngineSim

4)Videoconferencing Workshops-GRC Facility Virtual Tour

5)Videoconference Assessments-Develop Method/Instrument

6)Learning Technologies Channel-Broadcast Encoded Videoconf.

7)Conferences and Papers-Conference
3/31/01

6/30/01

3/31/01

9/30/01

10/30/01

2/28/01

6/30/01

4.4.7.GRC.3
Develop 3-D Applications for Education:

1)EngineSim V.2 with RamJets and FoilSim on Mars Developed & Beta Tested

2)Wright Bros. Celebration-Wind Tunnels & Flight Control Segments

3)Web-based Educational Materials-Interactive Rocket Simulator

4)Videoconferencing Workshops Presented

5)Videoconference Assessments-Implement Process

6)Learning Technologies Channel-Rebroadcast Facility Tour

7)Conferences and Papers-Paper on Educational Tech. Apps.& Conf.

8) Pre-Videoconferencing Activities
1/31/02

6/30/02

6/30/02

9/30/02

9/30/02

9/30/02

9/30/02

6/30/02

6.4.1.GRC.4
Establish Impact of Prototype Technologies:

1)EngineSim V.2 Developed & Beta Tested, FoilSim Assessment 

   Completed

2)Wright Bros. Celebration-Wind Tunnels & Anniversary of Flight

3)Web-based Educational Materials- Web-based Educational Materials-Define Requirements for Multisensory & Immersive Capabilities in FoilSim & EngineSim

 4)Videoconferencing Workshops Presented

 5)Videoconference Assessments-Implement Process

6)Learning Technologies Channel-Rebroadcast Facility Tour

7)Conferences and Papers

8) Pre-Videoconferencing Activities
1/31/03

6/30/03

3/30/03

6/30/03

9/30/03

6/30/03

9/30/03

3/31/03

6.4.6.GRC.5
Integrate Prototype Technologies & Establish Impact:

1)Initial Multisensory Capability Demonstrated in EngineSim

2)Wright Bros. Celebration-Flight Controls

3)Web-based Educational Materials-Web-site Assessment

4)Videoconferencing Workshops-Evaluation & Assessment 

5)Beginner’s Guide to Model Rocketry Developed

6)Learning Technologies Channel-Rebroadcast Facility Tour

7)Conferences and Papers

8) Pre-Videoconferencing Activities
1/31/04

9/30/04

9/30/04

9/30/04

9/30/04

6/30/04

6/30/04

3/31/04

7.3.3.GRC.6


Authenticate schools using LT Technology:

1)Multisensory Assessment Success Completed, Results Incorporated

   Into FoilSim & RocketSim

2)Wright Bros. Celebration-Flight Controls

3)Web-based Educational Materials-Web-site Assessment

4)Videoconferencing Workshops-Evaluation & Assessment

5)Immersive Technology Needs & LTP Integration Assessment

6)Learning Technologies Channel-Rebroadcast Facility Tour

7)Conferences and Papers

8) Pre-Videoconferencing Activities
1/31/05

9/30/05

9/30/05

9/30/05

9/30/05

6/30/05

6/30/05

3/31/05

FY 2001


4.2.2.GRC.1-1
$18,750

4.2.2.GRC.1-2
$18,750

4.2.2.GRC.1-3
$12,500

4.2.2.GRC.1-4
$15,000

4.2.2.GRC.1-5
$25,000

4.2.2.GRC.1-6
$10,000

4.2.2.GRC.1-7
$5,000

4.2.2.GRC.1-8
$5,000

4.2.3.GRC.2-1
$18,750

4.2.3.GRC.2-2
$18,750

4.2.3.GRC.2-3
$12,500

4.2.3.GRC.2-4
$25,000

4.2.3.GRC.2-5
$12,500

4.2.3.GRC.2-6
$12,500

4.2.3.GRC.2-7
$10,000

     Total ROC costs (2001):
$220,000

FY 2002


4.4.7.GRC.3-1
$37,500

4.4.7.GRC.3-2
$37,500

4.4.7.GRC.3-3
$25,000

4.4.7.GRC.3-4
$50,000

4.4.7.GRC.3-5
$20,000

4.4.7.GRC.3-6
$10,000

4.4.7.GRC.3-7
$10,000

4.4.7GRC.3-8
$30,000

     Total ROC costs (2002):
$220,000

FY 2003


6.4.1.GRC.4-1
$37,500

6.4.1.GRC.4-2
$37,500

6.4.1.GRC.4-3
$25,000

6.4.1.GRC.4-4
$60,000

6.4.1.GRC.4-5
$20,000

6.4.1.GRC.4-6
$20,000

6.4.1.GRC.4-7
$10,000

6.4.1.GRC.4-8
$10,000

     Total ROC costs (2003):
$220,000

FY 2004


6.4.6.GRC.5-1
$37,500

6.4.6.GRC.5-2
$37,500

6.4.6.GRC.5-3
$25,000

6.4.6.GRC.5-4
$60,000

6.4.6.GRC.5-5
$20,000

6.4.6.GRC.5-6
$20,000

6.4.6.GRC.5-7
$10,000

6.4.6.GRC.5-8
$10,000

     Total ROC costs (2004):
$220,000

FY 2005


7.3.3.GRC.6-1
$37,500

7.3.3.GRC.6-2
$37,500

7.3.3.GRC.6-3
$25,000

7.3.3.GRC.6-4
$60,000

7.3.3.GRC.6-5
$20,000

7.3.3.GRC.6-6
$20,000

7.3.3.GRC.6-7
$10,000

7.3.3.GRC.6-8
$10,000







     Total ROC costs (2005):
$220,000

Milestone Timeline - FY01 
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Appendix A

GRC LTP Target Metrics

Metrics are collected on the NASA GLTP. The metrics collected are those that are specified as required within the NASA LTP Project Plan. The metrics will be analyzed and the future direction of the program will be based on a combination of the analysis and the other assessments described in the preceding narrative. 

Conferences 

The NASA GLTP staff will attend and present at two major educational conferences in FY01 in order to provide information and training on GLTP products.  

Papers


Two technical papers about the educational software and the distance learning program will be prepared and submitted for publishing. Where publishing agreements allow, the papers will also be posted on the GLTP Web site.


Awards


Two awards recognizing the impact of the GLTP on the educational community will be given.


Web Hits


A minimum of 220,000 web hits will be reached.

Schools Served

The GLTP will seek to serve the educational community of at least 66 schools.

Appendix B

Beginner's Guide to Propulsion (BGP) Problem Set Example


The first page of each of the teacher versions of the BGP Problem Sets contain information about which Mathematics, Science and Technology Standards the problem sets meet. This first page also contains the objective of the lesson and assessment and evaluation information. Following is an example from the "Boyles Law" Problem Set. There are 23 other problem sets located on the Web site. An index of the problem sets is at http://www.lerc.nasa.gov/WWW/K-12/BGP/BGPindex.html 


Beginner's Guide to Propulsion

Boyle's Law
Subject Area: Chemistry, Physics, Integrated Science, Algebra I

Grade Level: 10-12

National Standards:

Science 

Unifying Concepts and Processes - Systems, order, and organization.

Physical Science - Properties of matter.

Science and Technology - Understandings about science and technology.

History and Nature of Science - Nature of scientific knowledge.

Mathematics

Mathematics as Problem Solving - Use problem-solving approaches to investigate and understand mathematical content.

Technology

Technology Research Tools - Select and apply technology tools for research, information analysis, problem-solving, and decision-making in content learning. 

Technology Problem-Solving and Decision-Making Tools - Routinely and efficiently use on-line information resources to meet needs for collaboration, research, publications, communications, and productivity.

Objective:

After reading the Web page Boyle's Law and using the Animated Gas Lab, you should understand the inverse relationship between the pressure and volume of a gas. 

The Beginner's Guide to Propulsion is a Web site of information prepared at NASA Glenn Research Center to help you better understand aircraft engine propulsion. Click Beginner's Guide Index to access the list of slides. Open the slide called Boyle's Law (with text) and read the explanation. Next open the Animated Gas Lab Web page and use it to complete the activity.

Assessment:

You, or you and your partner(s), will be evaluated on the accuracy or feasibility of your answers.

Evaluation:

You will demonstrate the ability to use information found on the World Wide Web and apply what you have learned about Boyle's Law to describe pressure-volume relationships found in gases.

APPENDIX C

VIDEOCONFERENCE DESCRIPTIONS

1. The Virtual Icing Research Tunnel Tour was developed and conducted in FY00.  It consisted of pre-tour videoconference presentations on the icing research program conducted at the NASA Glenn Research Center and post-conference activities for students to complete.  The tour tied together the pre-conference presentations and the post-conference activities and allowed students to see firsthand where icing research is conducted. (http://www.grc.nasa.gov/WWW/K-12/IRT/index.htm)

2. Aeronautics has been and will remain a key focus in NASA’s research and development into the 21st century. This workshop utilizes a hands-on, minds-on approach to the topic of aeronautics and how technology has influenced our society. History and principles of flight, as well as new advances in aeronautics, are discussed and illustrated. In the workshop, aeronautical maps are used to teach mathematics skills and geography. Participants access NASA Internet resources or watch as the resources are demonstrated, then work as teams to produce effective products.

3. Aircraft Safety and Icing Research In an effort to improve aircraft safety by reducing the number of in-flight icing events, NASA Glenn conducts flight tests using their icing research aircraft. This workshop debriefs the audience on the results from one such program, the NASA/FAA Tailplane Icing Program. The presenter engages the audience in discussions of basic aircraft flight mechanics and the function of the horizontal tailplane, as well as the effect of ice on airfoil (wing or tail) surfaces. A brief video of actual flight footage is shown. The video illustrates the flow at the tailplane with and without an ice shape and provides a view of the pilot's actions/reactions and the horizon.

4. High Speed Flight When people think of supersonic flight, they think "really fast"! This workshop presents the history of flight and how an airplane and its engine "work." Emphasis is on "high speed" flight, including the difference between subsonic (or what everyone knows as today's airplanes) to supersonic and hypersonic flight. The presentation includes a short video called "Super Plane" and a brief history of the United States' supersonic programs, ending with the current High Speed Research Program at NASA Glenn Research Center.

5. History of Humans in Space This presentation traces the human exploration of space beginning with the single orbit flight of Yuri Gagarin in 1961. Problems to be overcome during launch, orbit, space walking, rendezvous docking, and reentry are discussed. American's Mercury, Gemini, Apollo, Skylab, and Space Shuttle programs are described, as well as the Russian Vostok, Voskhod, Soyuz, Salyut, and Mir programs. Current plans for the International Space Station are included. Video clips and scale models of the spacecraft and boosters are used in the presentation to provide a sense of scale.

6. History of Rocketry This presentation focuses on the early history, development, and future of rocket propulsion. The presentation covers rocket propulsion from the development of rocketry in China over 1000 years ago to the future of human exploration of the outer solar system. The verbal presentation is augmented with photo view graphs and model props of space vehicles such as the Space Shuttle. The presentation also includes demonstrations of rocket construction, using small paper rockets launched from soda straws and antacid powered rockets.

7. The Incredible Lever The workshop supports the Simple Machine, history, and mathematics curriculum areas. It includes a discussion and demonstration of the four forces that act upon an aircraft and the concept of mass vs. weight. This is an interactive workshop with the students constructing a paper airplane at the conclusion. A motivational element that requires an addition fifteen minutes can be added.

8. Introduction to EngineSim  is a software package that simulates a working aircraft engine. This package also contains slider bar controls and graphical outputs.  EngineSim contains rate and distance problems.  During FY01 EngineSim will be revised as a result of a field test and an updated version of EngineSim will be completed. Additionally, online instructions and background information on propulsion will be revised based on feedback from a field test.

9. Introduction to FoilSim  v1.0 is a package that simulates the air flowing over an airfoil and over a baseball. Contained within the package are slider bar controls, graphical outputs and ready-made lessons. In FY01 work will continue on FoilSim v2.0. This version will incorporate the atmosphere of Mars within the software package and other suggestions received during the field testing of FoilSim v1.0.

10. Topics in Aerodynamics and Propulsion  Presentations 8-10 demonstrate real world applications of mathematics and physics principles as applied to Aerodynamics and Propulsion. They show participants why they "have to learn" graphing, problem-solving using fractions or decimals, scientific notation, trigonometry, rate problems, geometry, algebra, and vectors. Newton's Laws of Motion, forces, moments, center of gravity, and some basic thermodynamics principles of energy, work, and power are also demonstrated.

11. Meet a NASA Employee Involved in Aerospace Research What is it really like to work on a NASA aerospace project? Who works on aerospace projects for NASA? What is their background and how did they become qualified for their jobs? These and other questions are answered during this presentation for students. Selected NASA aeronautical engineers, scientists, and project managers are available for this career exploration session. The Web page address of the presenters will be furnished as workshops are scheduled.

12. Propulsion This hands-on interactive session will step teachers or students through a lab on the basic concepts of propulsion. Newton's Third Law of Motion is presented as the governing physics concept of all propulsion systems. Participants will use balloons, string, and tape measures to conduct an experiment that demonstrates rocket propulsion. The air in the balloon will represent fuel for a rocket propulsion system, and the relationship between volume of fuel and distance will be examined. Participants will create a graph in order to depict this relationship. The aerodynamics propeller will also be described, and a handheld propeller will be used to demonstrate the concept of lift.

13. Tours of NASA Glenn Research Center Facilities The presentations explore research facilities at the NASA Glenn Research Center, including the history of the facility, how the facility works, the research conducted in the facility, and why the research is important. Each presentation consists of a 10-minute videotape about the facility followed by a 20-minute, question-and-answer session with the facility manager.

14. Human Exploration and Development of Space This workshop allows participants to become aware of the problems to be overcome in putting humans in space. Participants learn about the history of space flight and the significance of the Mercury, Gemini, and Apollo missions. Participants learn what it is like to live in space--the joys, the hardships, and the challenges--and about future missions. Participants are presented with a variety of activities to illustrate various elements of training humans for space.


15. Human Exploration of Mars and the Solar System With the moon landing having been accomplished and robotic planetary exploration under way, it is inevitable that humans will, sooner or later, return to space to set foot on the Moon, Mars, and elsewhere. These accomplishments are technological marvels; they are also filled with human pathos and triumph. The human element in space exploration is often lost in dazzling displays of technology. Mr. Kolecki reminds his audiences that the tasks of space exploration involve 'ordinary' people playing ordinary to extraordinary professional (and personal) roles. He also addresses such fundamental questions as: "Why explore?," "What do we hope to discover?," etc. Many writers, scientists, and poets have eloquently addressed these questions. There may be no final answer, but much can be learned from listening to what they have to tell us.


16. Mission to Planet Earth Taking care of our environment will take on new meaning and relevance to participants as they participate in the NASA Mission to Planet Earth (MTPE) activities. The workshop allows participants to become aware of the factors that control the quality of air we breathe and some of the aspects we have come to understand as weather. Pictures of Earth taken from space illustrate different types of weather, and participants are able to relate this information to their everyday lives. Activities and models explain concepts related to weather and atmospheric pollution, as well as the process by which we transmit weather-related images.


17. Exploration of the Solar System The workshop covers the history of space exploration with descriptions of the spacecraft and pictures of the planets taken by the spacecraft. The pictures show the evolution of our understanding of the Solar System.

18. Mars This workshop allows participants to become aware of the conditions that exist on Mars. It also allows participants to demonstrate/work with the scientific method in exobiology as it pertains to Mars.

19. The Moon Exploring the Moon provides participants the chance to become aware of the outcomes of the Apollo program and the processes that come into play to create the surface we see when we view the Moon. Participants are presented with numerous activities to explain geological processes that shaped the Moon’s surface. 

20. Number Perspectives Mathematics may be thought of as a language. Just as we learn to speak and to relate words, phrases, sentences, etc., to the objects and events of daily life, we can learn to think similarly about and apply mathematics. Mr. Kolecki discusses a variety of topics that include interpreting the numbers of modern physics and astronomy, applying mathematics to a variety of everyday experiences, and understanding the symbols and equations of mathematics and physics as we understand words and sentences.


21. Space Questions The workshop is an open question-and-answer session on space that revolves completely around questions from the student audience. Canned questions are used, if needed, to stimulate audience questions.

22. Space Science The Space Science workshop allows participants to become aware of the exciting discoveries made through space exploration and research. Teams develop products in hands-on, minds-on activities related to Space Science. When possible, participants use the Internet to access NASA’s online resources related to Space Science or they watch demonstrations on how to access NASA’s Internet resources.

23. Travel to Distant Stars Have you ever wondered when we will be able to travel to distant stars as easily as in science fiction stories? NASA Glenn' Marc Millis, the leader of the new NASA Breakthrough Propulsion Physics (BPP) Program, discusses the prospects for achieving the propulsion breakthroughs that would enable such far-future visions of interstellar travel.

24. The World of Robots The presentation describes different types of robots and includes four working samples. The fields discussed are humanoid robots, industrial robots, telerobotics, and autonomous robots. The telerobot is driven by radio control and has a camera that transmits a video picture to any TV. This robot has a pair of electric squirt guns, which are demonstrated. The autonomous robot uses infrared light to detect and avoid obstacles while walking. There is also a small robot that the audience can move by clapping their hands. The presentation may also include a short video on robot competitions.

25. Comets  Comets have fascinated people throughout the ages. But only in recent times have we come to understand and appreciate the significance of comets. This presentation focuses on the history of thought about comets, the exploration of comets with the advent of the space age, and current models for a comet. Participants are shown how to make a model comet.

26. Elements of Space  Space is what most people perceive NASA is all about. The exploration of space has been the stuff of dreams for countless generations. This presentation addresses the elements that make up space. It includes: the history of space exploration, where space begins, what space is like in terms of microgravity, weather in space, and fabulous views from space.
27. Energy from the Sun  This presentation focuses on the sun as a source of energy. The solar constant is introduced, and the audience is led through a series of calculations that demonstrate the sun's energy output.  The discussion includes:

· harnessing the sun's energy 

· the solar cell as an energy transducer 

· basics of solar cell science 

· materials used in manufacturing solar cells 

· macroscopic characteristics such as efficiency 

· load lines 

· a basic pictorial explanation of how to solve a simple circuit with a nonlinear power-producing element 

· the wide ranging use of solar cells on Earth and in space

28. Space and the Solar System  The presentation on space and planetary exploration begins with images from deep space taken via ground-based telescopes and the Hubble Space Telescope. The audience is carried on a voyage of discovery that focuses on our sun and its family of planets as part of the Milky Way galaxy and ends with a photographic tour of the solar system itself. Pictures from a variety of NASA missions, ranging from the middle of the twentieth century to the turn of the millennium, are used to show and explain the dazzling panorama of worlds around the sun that await future discovery and exploration by robotic and piloted missions. The human element in space exploration is stressed with historical comments on Kepler, Galileo, Newton, and Einstein. NASA's role in and the future of space exploration are discussed. Audience participation is invited throughout.

29. Exploring Mars:  Parts 1-5  The Exploring Mars series presents Mars as an object of human interest and exploration from ancient times, through the present, and into the future. Each part may be requested as a stand-alone presentation, or the parts may be requested as a series.

 Exploring Mars Part 1: Beginnings discusses ancient Roman calendar history, in which Mars played an essential role; Schiaparelli and Lowell and their attempts to map the Martian surface via telescopic observations in the nineteenth century; and twentieth century Mars exploration by cameras and robotic spacecraft. The Mariner, Viking, and Pathfinder missions are introduced, including photographs of the spacecraft and the Martian landscape as seen both from orbit and from the surface. A discussion of the possibility of Martian life, including photos of possible Martian fossils, concludes with information on research to answer the question, "Was Mars at one time alive?"

 Exploring Mars Part 2: The Planet looks at Mars' tectonic history. Comparisons are made between Mars and other planets and moons from the inner solar system, including their relative sizes and colors. Mariner's Valley and Tarsus volcanoes are compared by size and terrestrial features. The Martian climate and the most recent Mars Global Surveyor finding on Martian planetary magnetism are discussed. The question of life on Mars is also raised.

 Exploring Mars Part 3: The Future presents a three-step approach to sending humans to Mars, one of several scenarios developed by NASA in the 1980s-90s. Step 1 is an Earth-orbiting space station, Step 2 is a return to the Moon, and Step 3 is the first piloted mission from Earth to Mars. The possibilities of colonization and living on Mars are discussed, as well as how astronauts might deal with Martian life.

 Exploring Mars Part 4: Pathfinder's Path I is designed for mathematics students and future astronomers. It begins with the observations of Tycho Brahe and the Laws of Planetary Motion developed by Johannes Kepler. Through the use of conic sections, a connection is made between the ellipse as a classroom entity and the ellipse as a planetary orbit with specific physical properties. Orbital terminology is introduced, and students are challenged to work through the equation of an ellipse as a follow-up activity.

 Exploring Mars Part 5: Pathfinder's Path II allows students to become very familiar with the Hohmann transfer ellipse and with the basics of orbital calculations. It introduces the Vis-Viva equation (conservation of energy) and challenges students to work out some of the actual orbital parameters required for the Pathfinder spacecraft to travel from Earth to Mars.

30.  Mars Millennium Project (MMP)  The intent of the MMP videoconference is to provide access to NASA Glenn Research Center’s scientists in support of students’ participation in the MMP.  Information on the MMP is found at http://www.mars2030.org or http://www.grc.nasa.gov/WWW/OEP/MMP/about.html.  Students show and/or explain their projects to NASA Mars experts, answer questions from the Mars experts, and receive feedback and constructive suggestions.

Appendix D

Student Videoconferencing Workshops

Standards Met by Presentations

National Mathematics Curriculum and Science Content Standards for Grades K-4
1. Mathematics as Problem Solving
2.  Mathematics as Communication  
3. Mathematics as Reasoning
4. Mathematics as Connections
5. Number and Number Relationships
6. Number Systems and Number Theory
7. Computation and Estimation
8. Patterns and Functions
9. Algebra
10. Statistics
11. Probability
12. Geometry
13. Measurement
A. Science as Inquiry
B. Physical Science
C. Life Science
D. Earth and Space Science
E. Science and Technology
F. Science in Personal and Social Perspectives
G. History and Nature of Science
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Appendix D (Continued)
Student Videoconferencing Workshops

Standards Met by Presentations (Continued)

National Mathematics Curriculum and Science Content Standards for Grades 5-8
1. Mathematics as Problem Solving
2.  Mathematics as Communication
3. Mathematics as Reasoning
4. Mathematics Connections
5. Number and Number Relationships
6. Number Systems and Number Theory
7. Computation and Estimation
8. Patterns and Functions
9. Algebra
10. Statistics
11. Probability
12. Geometry
13. Measurement
A. Science as Inquiry
B. Physical Science
C. Life Science
D. Earth and Space Science
E. Science and Technology
F. Science in Personal and Social Perspectives
G. History and Nature of Science
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Appendix D (Continued)
Student Videoconferencing Workshops

Standards Met by Presentations  (Continued) 

National Mathematics Curriculum and Science Content Standards for Grades 9-12
1. Mathematics as Problem Solving
2.  Mathematics as Communication
3. Mathematics as Reasoning
4. Mathematics Connections
5. Number and Number Relationships
6. Number Systems and Number Theory
7. Computation and Estimation
8. Patterns and Functions
9. Algebra
10. Statistics
11. Probability
12. Geometry
13. Measurement
A. Science as Inquiry
B. Physical Science
C. Life Science
D. Earth and Space Science
E. Science and Technology
F. Science in Personal and Social Perspectives
G. History and Nature of Science
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Appendix E

FoilSim National Mathematics Standards
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Appendix F

Networking Technology Diagrams
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Demonstration of H.323 to H.323 Connection Between GRC and A School (Milestone 1)

Appendix F (Cont.)

[image: image5.jpg]Proposed Multipoint Conference System
H.323 to H.323 conference within NASA Glenn Research Center (outside firewall)
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Demonstration of H.323 to H.323 Connection Between GRC & A School (Milestone 2)

[image: image6.jpg]Proposed Multipoint Conference System
H.323 to H.323 conference from NASA Glenn Research Center to a remote K-12 school
bridged to the H.320 IDAC Video Conferencing Room

e A
> Y M=
N~

- Internet

N
GRC Firewall
_(.,A(‘—\’-V—\._‘

-~ N~

GRC Intranet
S -

H.323 Workstation in et
Classroom of Excellence

H.323 Workstation in
RAC Video Lab

H.320/H.323 Bridge 330 NetConference Server

IDAC Video Conferencing Room

8/17/2000 mb




Demonstration of H.320 to H.323 Bridge To A School Using H.323 Technology (Milestone 3)

Appendix F (Cont.)

[image: image7.jpg]Proposed Multipoint Conference System

H.323 to H.323 conference from NASA Glenn Research Center to a remote K-12 school
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Videoconference from A GRC Facility To A School Using H.323 Technology (Milestone 4)
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Overall Schematic of System

LT Management Plan Fiscal Year 2001-2005
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		FY01		10/31		11/30		12/31		1/31		2/28		3/31		4/30		5/31		6/30		7/31		8/31		9/30

		Foil Sim-

		Software requirements of FoilSim v1.4 identified								x

		Design of FoilSim v1.4 complete												x

		Development of FoilSim v1.4 begins														x

		FoilSim v1.4 Beta Version 50% complete																								x

		Engine Sim

		EngineSim v1.4 Software Requirements Identified								x

		Design of EngineSim complete												x

		Development of EngineSim begins														x

		EngineSim Beta Version 50% complete																								x

		Wright Bros. Celebration * Jointly w/Office of Educational Programs (OEP)

		Web-based Kite-Design Contest in 6-State Region								x

		Flying With Kites Videoconference-Location TBD																		x

		Web-based Educational Material

		Applets on Interactive sound waves						x

		Applets on Interactive shock waves												x

		Applets on an Interactive rocket simulator																		x

		Update web-based material from feedback received																								x

		Pre-Videoconference Activities

		Link pre-videoconferencing activities to web site								x

		Video Conferencing Workshops*Jointly w/OEP

		Videoconferences Presented		2		2		2		2		3		2		2		2

		Tour conducted from a GRC facility																		x

		VideoConference Assessment Process*Jointly w/OEP

		Identify Outcome Objectives						1/4						1/2						3/4						x

		Develop a method/instrument to determine if objectives met						1/4						1/2						3/4						x

		Implement Assessment Process						1/4						1/2						3/4						x

		Refine Process As Necessary																								x

		Method to collect email comments/testimonials within EDCATS																								x

		Learning Technologies Channel

		Encode a videoconference						x

		Broadcast on LTC										x

		Rebroadcast of the facility tour																								x

		Conferences and Papers

		Paper completed on Educational Technology Applications

		Paper completed on Distance Learning																								x

		Supercomputing, NECC, or other conference																		x

		NCTM, NSTA or other conference																x
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