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Telescience Resource Kit Educational Tools and Pilot Testing Project

C. Overview of the program

Abstract

The Telescience Resource Kit (TReK) is a software package developed at NASA Marshall Spaceflight Center (MSFC) to allow researchers at their home sites using standard personal computers to operate experiments on-board International Space Station.  The MSFC Education Programs Department with the support of the MSFC Ground Systems Department proposes to develop a configurable and reusable set of teaching materials and Internet-based software tools that utilize TReK telescience tools for education and public outreach.  This set of tools, the Space Experiment Education Kit (SEEK), utilizes inexpensive commercial-off-the-shelf (COTS) products, “piggybacking” on the telescience tools and NASA resources used by remote ISS researchers.  SEEK will allow schools, science centers, museums, and other informal educational institutions to create interactive space science applications in an educational, exciting, and cost-effective manner.

Program Description

International Space Station (ISS) is an ideal facility to support a long-term science education and public outreach (E/PO) program.  The public Internet provides the means to connect researchers and their experiments with students and the science-interested public, creating a virtual space science school (Figure 1).
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Figure 1. Space Station" Virtual School".

MSFC will be testing TReK software and connectivity with the assistance of the 1999 NASA Education Workshop (NEW) participants.  These teachers are a geographically dispersed group of educators from 26 schools in 20 states.  The NEW schools have received TReK workstations to be connected to the NASA Payload Operations and Integration Center via the Internet (Figures 2, 3).  This "TReK in the Classroom" (TIC) network will be used to test the TReK software and connectivity capabilities in Fall of 1999.  

[image: image2.emf]
Figure 2.  Remote Experiment Operations with TReK

[image: image3.wmf]
Figure 3. "TReK in the Classroom" Participating Schools

Beginning in Spring 2000, the TIC network will become available for educational applications that allow the schools to participate in ISS experiments.  The MSFC Learning Technologies Project (LTP) proposes to develop TReK educational tools, the Space Experiment Education Kit (SEEK), that will make participation in Space Station experiments accessible to teachers, students, and the science-attentive public.  SEEK tools and educational material will be tested utilizing "TReK in the Classroom" schools.

SEEK makes live interaction among students, scientists, and space experiments possible via inexpensive Web browsers.  Students can observe experiment status (e.g., solution temperatures, microgravity disturbances) and video (e.g., microscopic views of growing crystals, crew operations).  Internet voice-conferencing capabilities allow students to participate in discussions among the researchers, ISS operators, and possibly the crew.

D. Need Or Problem The Program Addresses

NASA-related organizations utilizing TReK include an estimated 125 concurrent, active ISS experimenters by 2004.  It is anticipated that a large percentage of these experiments will include educational/public outreach activities utilizing cost-effective tools such as SEEK.  Many of these experiments will operate for years, providing repeatable E/PO opportunities for multiple school years. "TREK in the Classroom" provides an initial testbed for SEEK educational software development and evaluation.  With the use of SEEK tools and Web browsers, access to experiment E/PO activities can be made universally available. The MSFC LTP project anticipates that SEEK products will eventually be used in hundreds of classrooms/museums and thousands of homes around the world that have Internet connectivity and common personal computers.

The SEEK environment will meet the following needs:

· Promotes enhanced student learning through visualization and virtual experimentation.

· Provides live interaction with Space Station experiments and researchers. Not only do the schools view Web page displays developed by experiment personnel, but they can develop new displays that analyze and view the science data in different ways using a Visual Display Builder.

· Provides new innovative learning tools and new learning environments to be used by the educator and by the learner.

· Provides inexpensive Web-based tools that facilitate and promote educational collaboration across distances connecting educators and students to scientists, mentors, and experts.

· Enables distance learning utilizing NASA, corporate, and university personnel and resources not locally available to schools located far from a NASA center or research area.

· Many ISS experiments fly for years, making related educational programs very repeatable and cost-effective.  ISS experiments have standard telemetry interfaces and telescience support tools, which increases cost-effectiveness.  When the experiment is over, or not operating, courses and Web sites can utilize archived or simulated data sets and video.

· Promotes learning through real-world experimentation. Teachers and students become active participants in the scientific method, seeing progress, successes, and failures as the experiment proceeds.

· Supports development of scalable educational material useful for formal courseware as well as for mass-media public science web sites.

· Provides excellent, cost-effective sources of mission science educational content.  Educational material can be derived directly from experiment documentation, software, and personnel.  For instance, a basic display used for experiment operations can be modified to be more graphical and intuitive, and it can be integrated with a supporting set of Web pages, school lab experiments, handouts, etc. 

E. Program Goals

The primary goal of this project is the development of a "kit", a reusable set of teaching materials, technology/science models, and software tools that can be easily applied to a variety of educational settings and experiments over the multi-decade ISS lifetime.  The Space Experiment Education Kit (SEEK) will provide an open platform based on the TReK capability that any organization can use to develop educational content and additional tools.

The SEEK project goals include:

· Making NASA missions and experiment content directly accessible to the educational community and the science-attentive public in a cost-effective manner

· Promoting the enhancement of the knowledge, skills and abilities of educators and students in the areas of science, math, technology and engineering

· Reutilizing experiment telescience tools, displays, and science content in an educational setting

· Enabling teachers and experimenters to develop standards-based learning products that offer interactive learning activities and experiences, and go beyond putting static information on web pages

· To explore new ways in which NASA mission and experiment content and information technologies can be utilized and integrated into the educational curriculum and then evaluated for effectiveness

· Using TReK in the Classroom as a springboard to reach hundreds of ISS experiments and thousands of schools across the country over the next decade

F. Technology Used And How It Helps To Achieve The Program’s Goals

The TReK telescience capability was designed for use by experiment developers and operators.  The MSFC LTP project proposes to "piggy-back" inexpensive web-based telemetry data, collaboration, video, and visualization tools on top of TReK for use in educational applications.  These tools will allow non-programmers to develop educational "live" content for ISS experiments.  NASA, experimenters, schools, and science centers will be able to create exciting, interactive science applications.  

These new and innovative interactive Internet-based technologies will add a new dimension to science education.  The tool categories include:

· Web-based real-time telemetry data distribution

· Web-based collaboration among mission/experiment scientists, teachers, students, and potentially ISS crew

· High-resolution Space Station and payload experiment video

· COTS visualization and animation tools

1. Web-Based Real-Time Telemetry Data Distribution 

The initial telemetry data tool to be integrated with TReK will be the TeleOPerations System (TOPS).  TOPS turns a TReK PC into a web server, streaming live telemetry data to Web browsers (Figure 4).  TOPS Web pages are similar in concept to the popular J-Track Web pages (http://liftoff.msfc.nasa.gov/realtime/jtrack) that update periodically.  If J-Track was updated based on data coming directly from the satellites/spacecraft, it would use the TOPS approach. TOPS uses Web browsers to display experiment science and status data (Figure 5).  An important feature of TOPS is that it allows developers without programming to select which telemetry parameters to display in Web pages. 

Long-term enhancements to the telemetry data distribution capability would include integration of TOPS with non-ISS telemetry streams such as balloon flights (Figure 6).

[image: image4.emf]
Figure 4.  Education and Public Outreach with TReK
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Figure 5. Protein Crystal Growth Experiment Browser Display
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Figure 6. Conceptual Browser Display Showing Live Experiment Status

2. Web-Based Collaboration

The MSFC LTP project will tailor ISS program developed tools for use in web-based collaboration among mission/experiment scientists, teachers, students, and potentially ISS crew.  Our initial tool will be web-based voice conferencing software to support periodic "voice chats" among mission/experiment scientists and the "TReK in the Classroom" program (Figure 7).  The voice conferencing capability allows teachers and students to have "Ask Dr. Science" voice chats with experimenters and mission personnel.  Voice conferencing allows Principle Investigator narration and student Q&A while real-time data and video is being displayed. (Visit the Demonstration Mission Voice System at http://issdemo1.hosc.msfc.nasa.gov.)  The initial system will support up to one hundred locations in one to twelve simultaneous two-way conferences.  

Long-term enhancements to the voiceconferencing system would include:

· Utilizing COTS tools and possibly other NASA E/PO facilities to also allow public one-way broadcasts to thousands of users.  This would allow the Principal Investigator to narrate an experiment event to large groups in parallel with the display of video and science data.  

· Enhancing collaboration by adding multi-point videoconferencing capability as COTS prices fall and Internet bandwidth increases over time.

[image: image7.wmf]
Figure 7. Student Real-time Interaction with Scientists via Internet Voice Conferences

3. High-Resolution Space Station And Payload Experiment Video Channel Distribution

TReK PC's can directly receive experiment video (e.g., microscopic view of crystals) utilizing optional inexpensive satellite dishes very similar to those used for satellite television (e.g., DirecTV).  

Long-term enhancements to the video distribution capability would include conversion of the 6 Mbps MPEG format channels to low-rate (e.g., 20 Kbps) format for distribution via COTS products (e.g., RealServer, RealPlayer) to web browser users

4. COTS Visualization And Animation Tools

The MSFC LTP project will integrate COTS visualization and animation tools for use in illustrating experiment events and the underlying experiment science. SEEK will include tools that allow a Web page author and mission team to quickly develop graphical Web pages to display "live" experiment status and animations as well as "play back" mission timelines.  A variety of visualization and animation tools will be reviewed for incorporation into SEEK.  

The initial data visualization program to be integrated with TReK will be a Visual Display Builder based on Java Studio from Sun, Inc.  In many ways it is a simplified version of National Instruments’ LabView for engineers. Java Studio has been successfully used by heterogeneously grouped 7th and 8th grade students in New Jersey to enhance problem solving skills.  

The Visual Display Builder is designed for use by non-programmers such as graphics artists for use in adding interactivity to Web pages.  “Telemetry JavaBeans” have been incorporated into the Visual Display Builder to provide direct access to experiment telemetry.  The Visual Display Builder is an ideal science visualization tool for both researchers and students.  Students will not only be able to view displays built by researchers, but also build their own displays and computations.  For example, students may write simple visual programs to average temperatures and convert from degrees Fahrenheit to degrees Celsius. A display utilized for an STS-87 experiment is shown in Figure 8.  It was developed without programming in less than an hour.
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Figure 8.  STS-87 Experiment Display (Left) and its Visual Design (Right).

Long-term enhancements to visualization and animation tools would include:

· Integration of virtual reality modeling language tools with TReK, so that  live and archived telemetry streams can drive animations.

· Incorporation of web developer animation tools to illustrate experiment operation or scientific principles.  For example, the “Make A Medicine” computer program (Figure 9) from the New York Hall of Science challenges users to make a medicine to prevent the common cold.  The program illustrates the importance of understanding the structure of a virus in order to develop medicines to combat it.  Researchers have used space research to work on the structure of molecules that are highlighted in the program.
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Figure 9.  New York Hall of Science Exhibit:  “Make a Medicine” Interactive Program.
G. Content And Learning Goals

5. SEEK Tools Focus on Space Station Education and Public Outreach

This project provides education and public outreach opportunities for all NASA Enterprise experiments that utilize International Space Station.  In addition, non-ISS experiments such as balloon flights can utilize SEEK tools such as TOPS, but a "bridge" to the ground systems and telemetry formats utilized by the experiment platform is required.  

The focus of the early stages of this LTP project will be the development of SEEK tools for use in educational applications.  In addition, a proof-of-concept distance learning course will be incorporated into the project as an example of the dozens of courses that could be developed for ISS experiments over the next decade.  A variety of content and learning goals could be established for SEEK courses.  A detailed course outline for our initial course is included in Appendix A.

6. "Early" Space Station Experiment Candidates

Experimenters from several NASA Enterprises and Centers (Table 1) are utilizing TReK for experiment operations on early Space Station utilization missions.  Several have been contacted, including ADVASC, SAMS, and SpaceDRUMS, who have expressed interest in developing applications for the "TReK in the Classroom" network.

Table 1.  Early-flight ISS Experimenters Utilizing TReK

EXPERIMENT
FLIGHT
LOCATION

Advanced Astroculture
5A.1,6A,7A.1
University of Wisconsin

Protein Crystal Growth-Single Locker Thermal Enclosure System
5A.1,6A,7A.1
MSFC Telescience Support Center (TSC)

Protein Crystal Growth
5A.1,6A,7A.1
University of Alabama-Birmingham

Physics of Colloids in Space
5A.1,6A,7A.1
Glenn Research Center, Harvard

Space Acceleration Measurement System II
5A.1,6A,7A.1
Glenn Research Center TSC

Avian Development Facility
UF-1
Ames Research Center TSC

Biomass Production System
UF-1
Ames Research Center TSC

SpaceDRUMS
UF-1
USOC-Colorado School Of Mines

ZCG
7A.1
USOC-NE Univ-INTEK

Burn Time Remaining
7A.1
JSC TSC

MSG
UF-1
MSFC TSC, Iowa State, ESTEC

H. Program Design (Structure And Components) 

7. Program Structure

The MSFC Education Programs Department will coordinate this project.  We plan on partnering with the MSFC Ground Systems Department, which is responsible for developing remote ISS payload operations capabilities such as TReK.  Our departments are already working closely together to establish the TReK in the Classroom network, which will be key to testing and verifying educational materials.  

The MSFC LTP project objective is to coordinate and nurture the development of a large catalog of SEEK teaching materials and tools that can be readily applied to a variety of educational settings and experiments over the multi-decade ISS lifetime.  The SEEK program model will be an "open standards-based platform" in the spirit of the Internet and protocols such as TCP/IP.  The goal is to allow any organization to develop cost-effective educational and public outreach programs based on the TReK and SEEK capabilities.

The MSFC LTP project will utilize a variety of experimenters and organizations to develop SEEK tools over several program phases.  Planned participants in Phase 1 will include:

· AZ Technology, Inc., Huntsville, Alabama, for SEEK educational software tools development

· Durham Research, Crofton, Maryland, educational curriculum developer

· University of Alabama-Birmingham Center for Macromolecular Crystallography, experimenter

· "TreK in the Classroom" schools

8. Component Phases

The program will be organized into four phases:

· Phase 1:  Initial SEEK Tool Development and Prototype Ground Experiment Course

· Phase 2: Going Into Space:  Utilizing Flight Experiments

· Phase 3: Expanding SEEK:  Additional Experimenters, Schools, Public Web Sites, Courses, and Development Tools 

· Phase 4: Self-sustaining Funding Through E/PO Experiment Budgets 

Phase 1:  Initial SEEK Tool Development and Prototype Ground Experiment Course

The MSFC LTP project will develop a prototype science education application based on a manifested Space Station experiment.  The application will be used and evaluated in Spring 2000 utilizing a laboratory prototype (Figure 10) since the earliest Space Station experiments will not be operational until the 2000-2001 school year.  
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Figure 10.  Phase 1 Lab-based Configuration.

"TreK in the Classroom" schools participating in the initial phase include:

· Dumas High School, Dumas, TX

· National Cathedral School: Washington, DC 

· C.W. Stanford Middle School: Hillsborough, NC 

· Hobart Middle School: Hobart, IN 

· Mackinaw Trail Middle School: Cadillac, MI 

· South Iredell High School: Statesville, NC 

· Central High School: Phenix City, AL 

· Redbank Valley High School, New Bethlehem, PA

· Ottawa County Juvenile Detention Center: West Olive, MI 

· Pottsville High School: Pottsville, AR 

· Lewis & Clark Middle School: Jefferson City, MO 

· Kelloggsville Middle School: Grand Rapids, MI 

· The Seven Hills School: Cincinnati, OH 

· Altheimer-Sherrill High School: Altheimer, AR 

· Rainbow Middle School 

· LaJunta Middle School: LaJunta, CO 

· Lexington High School: Lexington, NE 

· Upper Sandusky High School: Upper Sandusky, OH 

· Ruffin High School: Ruffin, SC 

· Klein Oak High School: Spring, TX 

· Appleton North High School: Appleton, WI 

· Providence Middle School: Richmond, VA 

· Fox River Middle School: Waterford, WI 

· Sherwood Middle School: Baton Rouge, LA 

· Missouri Valley High School: Missouri Valley, IA 

Phase 1 tool development by category will include:

· Web-based real-time telemetry data distribution

· Integrate TReK with TOPS, turning a TReK PC into a web server which streams live telemetry data to Web browsers

· Web-based collaboration 

· Utilize voice conferencing software to support periodic "voice chats" among mission/experiment scientists and schools. The initial system will support up to one hundred locations in one to twelve simultaneous two-way conferences.

· High-resolution Space Station and payload experiment video

· Utilize COTS video streaming products (e.g., RealServer, RealPlayer) for use in displaying low-rate ground-based experiment video to web browser users. (TReK video reception capability will still be under development by ISS program).

· COTS visualization and animation tools

· Integrate TReK with the Visual Display Builder

Collaboration with Learning Technologies Channel

The MSFC LTP project will work closely with other LTP projects in all phases.  Of particular importance is The Learning Technologies Channel (LTC).  LTC provides excellent web-based multimedia remote participation and learning capabilities for teachers and students. The MSFC LTP project will work with the LTC to utilize LTC tools and resources.  We will explore the potential usefulness of SEEK tools such as the two-way group voice conferencing capability for use with LTC.

Phase 2: Going Into Space:  Utilizing Flight Experiments

The Phase 2 effort will apply the lessons of a successful Phase 1 ground-based experiment to a space-based ISS experiment in the 2000-2001 school year.  A reusable, multi-payload SEEK will be developed suitable for supporting several experiments over many years.  Growth of the SEEK program will be stimulated by the increasing number of ISS experimenters over the next 5 years (Table 2). It is anticipated that a large percentage of these experiments will include educational/public outreach activities utilizing cost-effective tools such as SEEK.  Many of these experiments will operate for years, providing repeatable E/PO opportunities for multiple school years. 

Table 2.  Estimated ISS Experimenters and TReK Users (NASA, 1998)


2000
2001
2002
2003
2004
Total

ISS Experiments in Operation
12
25
50
75
125










TReK Workstations Purchases







Principal Investigators
12
25
50
75
125
287

Experiment Developers, Secondary Users
12
25
50
75
125
287

NASA
12
25
50
75
125
287

Universities/High Schools Associated with Experiments
20
40
60
80
100
300

Public Use – Space Camps, Museums, etc.
20
40
60
80
100
300

Total Per Year
76
155
270
385
575
1461

Phase 2 tool development by category will include:

· Web-based real-time telemetry data distribution

· Enhance of TOPS data processing capabilities as TReK matures.  Interface TOPS to other data manipulation programs, such as Microsoft Excel.

· Web-based collaboration 

· Utilize COTS tools and possibly other NASA E/PO facilities to also allow public one-way broadcasts (e.g., experiment narration) to thousands of users.  

· Incorporate electronic whiteboarding and application sharing (e.g., PowerPoint)

· High-resolution Space Station and payload experiment video

· Convert MPEG format channels for distribution via COTS products to web browser users

· COTS visualization and animation tools

· Integrate virtual reality modeling language tools with TReK, so that  live and archived telemetry streams can drive animations.

The UAB CMC flight manifest (Table 7-1) illustrates potential experimenter E/PO opportunities in Phase 2 and beyond for one experiment. The first flight of the HDPCG system will be on ISS 6A, scheduled to begin with the launch of STS-100 in July 2000.

CMC Protein Crystal Growth Experiments Flight Manifest (5/99)

Flight
Launch Date
Flight Duration
Hardware

STS-100 to ISS 6A
7/27/00
89 days
HDPCG

STS-107
12/00
10 days
HDPCG 

STS-108 to ISS 8A
3/29/01
60 days
HDPCG

STS-114 to ISS 9A
11/15/01
60 days
HDPCG

STS-114 to ISS 9A
11/15/01
150 days
VCMS

STS-115 to ISS 12A
1/17/002
60 days
HDPCG

STS-117 to ISS 12A
3/21/02
60 days
HDPC

STS-123 to ISS 1J/A
10/24/02
450 days
VCMS

STS-123 to ISS 1J/A
10/24/02
120 days
HDPCG

STS-125 to ISS UF-3
2/20/03
90
HDPCG

STS-127 to ISS UF-4 
5/8/03
30 days
CPC-MM

STS131 to ISS UF5
9/25/03
Station Lifetime
XCF

VCMS

Video Command and Monitoring System

CPCG MM
Magnetic Manipulation of Protein Crystals in Microgravity

XCF
X-ray Crystallography Facility; complete crystal growth and diffraction system

Phase 3: Expanding SEEK:  Additional Experimenters, Schools, Public Web Sites, Courses, and Development Tools 

The MSFC LTP project anticipates that SEEK products will eventually be used in hundreds of classrooms/museums and thousands of homes around the world that have Internet connectivity and common personal computers.

Phase 3 tool development and enhancement by category will include:

· Web-based real-time telemetry data distribution

· Integration of TOPS with non-ISS telemetry streams such as balloon flights.

· Web-based collaboration 

· Multi-point COTS videoconferencing capability

· Feasibility of including the ISS crew in SEEK conferences

· COTS visualization and animation tools

· Incorporation of web developer animation tools to illustrate experiment operation or scientific principles.

Phase 4: Self-sustaining Funding Through E/PO Experiment Budgets 


A successful Phase 3 will establish SEEK and prove its viability to support E/PO programs.  SEEK will be marketable to schools, science museums, and public science Web sites such as Lou Dobbs' Space.com.  SEEK will provide an inexpensive educational supplement for hundreds of Space Station experiments because it uses the same telescience capabilities used by remote researchers.  SEEK tools will also be marketable to Space Station experiment operators for use by “secondary users” (e.g., someone who needs Web page access to review current status from a home computer).  Expansion of the program to additional schools, science museums, and corporate and university experimenters will follow upon the completion of the proposed Phase 3 project.  We foresee a virtual space science school with an extensive science curriculum.

I. Assessment Used To Determine The Program’s Effectiveness

The questions to be addressed by this effort are listed for the following categories: education, experimenting organization, technical, and cost/benefit.  The proof-of-concept course in Appendix A indicates the types of assessments proposed for Phase 1.

Education Questions

· Does the "real-time" experience highly motivate students to learn math and science using space scenarios as the backdrop?  Is SEEK educational, entertaining, and user friendly? 

· Can experimenters and students collaborate successfully in diverse, remotely distributed organizations? Will this help create beneficial relationships between schools and research facilities, promoting co-oping and engineering careers? 

· Can students learn to program in a graphical programming language such as the Visual Display Builder and actually manipulate the telemetry data to display it and calculate new values (e.g., convert raw to engineering units)?

· Is SEEK an effective way to educate the public about NASA's scientific benefit to the nation versus other media (e.g., television, stand-alone science kits like HASP)?

Experimenting Organization Questions

· Is the cost and effort to the experimenting organization worth the resulting student educational benefit and public involvement?

· Will  student involvement during the mission and experiment distract the experiment team?

Technical Questions

· Can the evolving public Internet handle the real-time communications load from the telemetry source to the SEEK clients?

· Could the system be vulnerable to accidents or attacks that would disrupt or damage the experiment?

· What are some creative and interesting ways to manipulate the data?  What is the complexity of linking the telemetry streams to animations that show visually what is happening with the experiment or underlying science?

Cost/Benefit Questions

· Can the recurring capital/materials costs be kept low?

· Can the curricula, materials, and support software be easily utilized for many experiments, schools, museums, and web sites to spread costs and benefits over the long life expectancy of ISS?

· Can private companies and space science educators sell these educational services to schools, projects, NASA, and media organizations?

J. Milestone Timeline

Milestones are organized by phases:

· Phase 1:  Initial SEEK Tool Development and Prototype Ground Experiment Course

· Phase 2: Going Into Space:  Utilizing Flight Experiments

· Phase 3: Expanding SEEK:  Additional Experimenters, Schools, Public Web Sites, Courses, and Development Tools 

· Phase 4: Self-sustaining Funding Through E/PO Experiment Budgets 

9. Phase 1 Milestones

Phase 1 schedule is for 6 months:

· 12/1/99: Project start date.

· 2/1/00: SEEK Tool and Course Guidelines document delivered. SEEK team members will work together to develop the specification, which will provide guidelines/requirements for ISS experimenter, educational institution, and curriculum developer participation.

· 3/15/00:  Phase 1 TOPS, voice conferencing, COTS low-rate video, and Visual Display Builder tools integrated with TReK and delivered.

· 4/15/00:  Ground laboratory experiment configured to support telescience and prototype course delivered.  Prototype SEEK course training and presentation in TReK in the Classroom schools.

· 6/1/00: Complete evaluation of tools and course learning results.  SEEK lessons learned, evaluations, and recommendations delivered.

Monthly LTP progress reports and reviews will be supported.

10. Phase 2 Milestones

Phase 2 will be planned in more detail in the FY01 LTP Request for Proposals.

11. Phase 3 Milestones

· Phase 3 will be planned in more detail in the FY02 LTP Request for Proposals.

12. Phase 4 Milestones

· Phase 4 will be planned in more detail in the FY02 LTP Request for Proposals.

K. Budget 

13. Phase 1:  Initial SEEK Tool Development and Prototype Course


Proposed budget for the LTP project is specified in Table 3.

Table 3.  Phase 1 Proposed Budget


Civil Service
Support Service Contractor

Labor
$63,500
$ 70,000

Travel
$0
$ 0

Equipment
$70,000
$ 5,000

Total
$133,500
$ 75,000


MSFC Education Programs Department and Ground Systems Department support is included.  The TReK in the Classroom computers and network will be utilized for this project.  The cost-sharing value of the TReK in the Classroom equipment and software is included in Table 3.

Our primary candidate for our initial Space Station experimenter is the University of Alabama-Birmingham (UAB) Center for Macromolecular Crystallography (CMC).  NASA Ground Systems Department, CMC, AZ Technology, and Durham Research have a Phase 1 Small Business Innovative Research proposal pending with the National Science Foundation (NSF).  The NSF proposal has been recommended for funding by the technical reviewers with possible award in December 1999.  

The NSF project will develop a prototype distance learning course with Maryland Crofton Middle School science classes.  The project will use ground experiments running in UAB laboratories, remotely connected to the science classes via the Internet. The MSFC LTP project will collaborate with the NSF project to adapt the NSF courseware to the TReK in the Classroom program.  In exchange, The MSFC LTP project will provide SEEK software tools to the NSF project to enhance its telescience capability.  The value of the NSF contract includes:

· FY00:  $100,000 (Phase 1)

· FY01-FY02:  $400,000 (Phase 2, if successful Phase 1)

14. Phase 2: Going Into Space


Phase 2 will be planned in more detail in the FY01 LTP Request for Proposals Preliminary budget estimates for the LTP project is specified in Table 4.

Table 4.  Phase 2 Preliminary Budget Estimates


Civil Service
Support Service Contractor

Labor
$6,000
$140,000

Travel
$0
$0

Equipment
$0
$10,000

Total
$6,000
$150,000

15. Phase 3: Expanding SEEK:  Additional Experimenters, Schools, Public Web Sites, Courses, and Development Tools 

Phase 3 will be planned in more detail in the FY02 LTP Request for Proposals. Preliminary budget estimates for the LTP project is specified in Table 5.

Table 5.  Phase 3 Preliminary Budget Estimates


Civil Service
Support Service Contractor

Labor
$6,000
$65,000

Travel
$0
$0

Equipment
$0
$10,000

Total
$6,000
$75,000

16. Phase 4: Self-sustaining Funding Through E/PO Experiment Budgets 
Phase 4 will be planned in more detail in the FY03 LTP Request for Proposals.  Preliminary budget estimates for the LTP project is specified in Table 6.

Table 6.  Phase 4 Preliminary Budget Estimates


Civil Service
Support Service Contractor

Labor
$6,000
$0

Travel
$0
$0

Equipment
$0
$0

Total
$6,000
$0

Appendix A.  Prototype SEEK Course:  "Space Crystals"

17. Overview

A proof-of-concept course will be utilized for the LTP project and taught in participating TReK in the Classroom schools in Spring 2000.   Two potential missions/experiments for the course include:

· Cosmic ray balloon flight

· Protein crystal growth experiment

The LTP course will be adapted from the following NSF project course.  The NSF project will develop a prototype distance learning course with the University of Alabama-Birmingham (UAB) Center for Macromolecular Crystallography (CMC) and Maryland Crofton Middle School (CMS) science classes.  The project will use ground experiments running in UAB laboratories, remotely connected to the science classes via the Internet.  When the NSF Phase I project is finalized, the MSFC Education Programs Department will formalize cooperation between the two projects.  The cosmic ray balloon flight as well as the experiments listed in Table 1 provide alternatives if required.

18. National Curriculum Guidelines For Science Education


The Space Crystals course will meet national curriculum guidelines for science education.  National science education standards as set forth by the National Academy of Sciences for grades 5-8, specify that students are to identify properties and changes of properties in matter.  Students using SEEK will identify some of these properties, such as boiling point, in relation to the crystals.  Students are also required by these national standards to identify chemical reactions and changes of properties of matter.  SEEK will allow them to measure these properties in real-time from the experiment at CMC or on the ISS.  The visualization tool will allow them to make conversions such as Fahrenheit to Celsius in temperature readings, which demonstrate changes of the properties (e.g. will microgravity change the boiling point?)


National science education standards also specify that students identify motions and forces.  This can be accomplished using SEEK to identify motions and forces in different crystal shapes through real-time video and data transmissions from the Space Station.  In addition, the standards require students to study the transfer of energy, such as heat movement and light interaction.  This will be accomplished with SEEK using the real-time video to observe how light and temperature changes interact with the crystal growing process.  Finally, the national science standards require students to learn the concept of gravity. This will be accomplished by observing Space Station microgravity sensor data, and comparing the results from the ground-based experiments with the space-borne experiment (UAB lab experiment in Spring 2000) and observing and cataloging the effect microgravity has on the experiment.


The Space Crystals course will also meet state (designed for Maryland) curriculum requirements for grades 6-8.  Individual participating schools may wish to supplement the course for their state requirements.  Students are required to know that matter is made of atoms, has electrical properties, and that atoms combine in predictable ways, such as how they combine to form crystals.  In addition, the State of Maryland requires middle schools students to learn how to control variables, such as temperature, conduct an experiment, use statistical methods to analyze and display data, and to draw conclusions.  SEEK is the perfect tool to teach these methods.  Students will be learning about what variables are controlled during their voice conferencing with the researchers at CMC.  They will be conducting the same experiment that will fly on the Space Station, in their classrooms and will analyze and graph the results of both the ground-based and space-borne experiments (UAB lab experiment in Spring 2000). The students will draw conclusions as to the differences between the two experiments.  Finally, the State of Maryland requires the students to use knowledge of science and available technology to solve a practical problem.  The students, in their contact with the researchers, will discover the important pharmaceutical uses for growing crystals and their potential effect on our every day lives.  They will experience the on-going process of vital and professional experimentation.

19. Space Crystals Course Outline  


The core concept behind designing the Space Crystals course for CMS was to find a way to involve the entire eighth grade teaching team.  Team teaching and interdisciplinary coursework is the foundation of the eighth grade teaching method at CMS and a current trend in many schools around the country.  Within the science class itself, the idea is to build up to studying protein crystal growth as a biological and genetic model.  This is accomplished by first teaching the fundamentals of crystals beginning with rocks and minerals and working into sugars and proteins and the relationship to genetics and pharmaceuticals.  Students will progress toward performing lab experiments, which will then open the door to performing similar space-borne experiments to compare results to the ground-based lab experiments. Components of the Space Crystals course are illustrated in Figure A-1.
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Figure A-1.  “Space Crystals” Course Components (Left) and HDPCG in CMC Laboratory (Right).

20. Introductory Interdisciplinary Tasks - ”Beginning with a little research…”


Early in the school year, students in the eighth grade English class will research crystals and their background for a research paper, which will give them an introduction to technical research and writing.  This will also bolster reading and grammar skills.  To bolster the research paper assignment in the English class, the Social Studies class will learn a bit of history behind crystals and their usage, such as jewels and money, and their potential for creating historical conflict.  The future social implications of genetic research can also be discussed.  To reinforce understanding of the usage of crystals in society, local field trips will be organized, including one to the Smithsonian to view the Hope Diamond.  Once some of the basics of crystal structure are taught, art and special education students can draw or paint their own crystals.


In future project phases, international schools will become full-fledged participants in SEEK. To involve the foreign language classes, a sister school from an ISS partner country will be contacted and students will interact in live video-conferencing sessions regarding crystals and their usage.

21. Pre-SEEK Science Lessons


Pre-SEEK science lesson plans are designed to familiarize the students with the basics of crystallography primarily with respect to inorganic crystals, but allowing the students to move easily into understanding organic crystals when the SEEK lessons are taught.   

· A first lesson will deal with crystal structure models enabling the students to understand the various shapes crystals can take and to allow them to learn the basic terms used to describe them.  Such terms include crystal, crystal face, axes, cubic, tetragonal, hexagonal, orthorhombic, monoclinic, and triclinic.  Materials for this exercise include crystal shape cutouts of six mineral types including pyrite, galena, quartz, calcite, halite, biotite, and hematite.  In the lesson, the students will have completed a pre-reading activity based on crystal structures and will use distributed materials to construct a paper model of a crystal.  They will also use models and mineral samples to identify and describe crystal shapes of some of the minerals named above.  

· A second lesson introduces students to some common uses of inorganic and organic crystals.  Materials for this lesson include a Prentice-Hall activity handout, entitled “Rocks and Minerals: What’s the use?” as well as the CMC website, http://www.cmc.uab.edu.  Reference materials will also be provided.  The core of this activity is a written report and presentation by the students describing one mineral and including three color graphics, a model of a crystal system, and an original item of the student’s choice.   Reports will include information such as: where specific minerals can be found, chemical and physical properties of the mineral, value of the mineral, and examples of the mineral’s use in daily life.

· The final pre-SEEK lesson will be a laboratory experiment investigating crystal growth using “Sweet Crystals: An Investigation of Crystal Growth”.  In this experiment, students will demonstrate how cooling rates determine crystal size.  This laboratory experiment has students growing sugarized crystals.  Students will compare crystals formed at room temperature to those formed by rapid cooling.  Students will summarize their results in a written lab report utilizing the scientific method that will include a Purpose to determine how cooling rate controls crystal size, a Hypothesis to report students’ predictions, a list of Materials used in the experiment, a step-by-step Procedure describing how the experiment is to be performed, Data Results section, an Analysis section, and a Conclusion.

22. SEEK Lessons 

Students will learn about crystal growth experimentation by performing the Space Crystals experiments in school labs, by remotely observing HDPCG experiments being performed in CMC labs, and through voice conferences with CMC and NASA Space Station personnel.  

Introduce:

· Concepts of structure and function of important biomolecules (handouts, teacher lecture, voice-conference)

· Fundamentals of protein structure and function

· Tools for studying the proteins 

· Laboratory techniques for growing protein crystals  (voice-conference)

UAB CMC will provide laboratory kits and materials for protein crystal growth experiments (Table A-1). 

Table A-1. Space Crystals Kits for CMS

Item
Quantity
Provider

Linbro boxes and required materials for setting up crystallization experiments (one per student).
150
CMC

Solutions of Lysozyme and Thaumatin and all reagents for crystallizing these proteins.
150
CMC

Instructions for setting up crystallization experiments in Linbro boxes and in HDPCG Growth Chambers
150
CMC

HDPCG Growth Chambers
10
CMC

sets of polarizing film for visualizing crystals
10
CMC

Microscopy
10
CMS

Magnifying lenses (10-20X)
10
CMS


Monitor student experiments and conduct simultaneous experiments in the CMC laboratory.  CMC scientists will instruct the students on setting up protein crystallization experiments (by voice-conference), in standard laboratory protocol, and in the flight hardware prototype.  Simultaneous experiments will be set up in the CMC laboratory.  The CMC experiments will be visualized by video microscopy and digital still images.


Students will monitor the CMC experiments via the Internet and compare the results to the experiments conducted in the classroom.  Students will develop graphical programs with Java Studio (Figure A-2) to display and manipulate telemetry data. Approximately ten CMS personal computers will be made available for telescience use.  Computers will be Pentium-class running Windows 95 (or newer), with standard speakers and microphone, and having an Internet connection of 28.8/56 Kbps or greater.

Periodic voice conferences with CMC personnel to discuss pertinent topics including: Careers in scientific research, engineering, and space science; CMC microgravity experiments; Access to career development conversations with Dr. Larry DeLucas, NASA Flight Payload Specialist and Director of CMC.  Students author questions to be asked during teleconferences, such as these excellent questions already submitted: What materials and equipment are used in the space-borne version? What are the controls of this experiment? Why is this experiment being performed?  What will the crystals be used for?  Why is this important to be performed in space?
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Figure A-2.  Visual Programming with Java Sudio:  Celsius to Farenheit Converter
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