1 Haptics Augmented NASA Data Sets ONline - HANDS ON
1.1 Basic Proposal Information

	Title: 
	Haptics Augmented NASA Data Sets ONline - HANDS ON 

	Brief Description: 
	Commercial force feedback controllers will allow students to experience and learn through the sense of touch, accessing software and date via the Internet 

	Partners: 
	Ohio University, additional commercial partners 

	Center: 
	Langley Research Center 

	Endorsee: 
	Jeff Seaton 

	Primary Contact Name: 
	Jeff Seaton 

	Primary Contact Phone: 
	757 864 6687 

	Primary Contact Email: 
	j.m.seaton@larc.nasa.gov 

	Secondary Contact Name: 
	Dr. Robert Williams 

	Secondary Contact Phone: 
	740 593 1096 

	Secondary Contact Email: 
	bobw@bobcat.ent.ohiou.edu 


1.2 Milestones

1.2.1 MILESTONES:

At the conclusion of Phase I, the following milestones will be complete:

(1)
Alpha K-12 Haptics-Augmented Science Education Module

(2)
Alpha K-12 Haptics-Augmented NASA Simulation

(3)
Identify Commercial Partners

(4)
Finalize Commercialization Plan

(5)
Formative Evaluation

(6)
Quarterly Reporting

(7)
Journal Article Complete

(8)
Conference Paper Complete

1.3 Project Purpose

This project embraces the NASA Learning Technologies Program Immersive Technology Theme by creating an economical, haptic solution which will enable the maximum number of teachers and students to experience math, science, and NASA information using this emerging technology on a wide scale.  The proposed products will require only a standard PC, an Internet connection, and an $80 off-the-shelf haptic interface available in most computer or toy stores.  The eventual commercial cost of the interactive, immersive haptics-augmented science and NASA mission software is not known at this time, but we will strive to keep it affordable for all school systems across the nation.  We are proposing innovative, revolutionary, educational haptics technologies that have the potential to make fundamental improvements in science, math, technology, and related educational areas.  We will strive to focus on improvements in education at all levels by fostering more engaging, fun, compelling, and deeper teaching and learning, using the tools of haptics-based educational technology.  The specific technologies addressed by this proposal, as listed in the LTP Guidelines for Proposals, are the following:

1.
Virtual environments that extend models of the real world to the user.

10.
Events digitally re-created as a virtual event that surrounds the viewer with a visual, audio, and even tactile experience.

14.
Enhanced 3-D graphics capabilities.

17.
Haptic and olfactory data acquisition and broadcasting.

18.
Telepresence manipulation and utilization of systems over the Internet.

27.
Haptic data generation.

28.
Data acquisition for touch, texture, and temperature information.

In addition, we will explore the use of VRML as a tool that may tie in to the haptics-augmented software package.  We will include additional, low-cost haptic interfaces as they become commercially available over the course of the project.  The programming techniques that will be used are independent of the haptic interface used, so the final product does not require any specific haptic interface.  

The purpose of the Haptics-Augmented NASA Data Sets Online (HANDS-ON) project is to use innovative haptics-based educational technology to better teach K-12 science and provide remote experiential learning using real NASA missions and data sets through virtual presence with haptic feedback.  We will focus on the Space Shuttle and International Space Station NASA Missions.  Our goal is maximum accessibility for all populations, including under-represented minorities; this dictates the use of affordable, off-the-shelf haptics interfaces to be used in the PC environment, supported by the Internet.  We will focus on interactive environments where students may interact with the educational and NASA mission simulations to play what-if scenarios, leading to more compelling learning and deeper understanding.  The haptic force and tactile feedback will add a significant human sensory mode currently missing in educational environments, to augment high-quality graphics and audio feedback to provide a more immersive learning technology environment.

Haptics is the sense of touch and force in humans; haptic interfaces provide force and tactile feedback to the human from a computer.  Affordable off-the-shelf haptics interfaces are now available so most school systems could make use of project results to support science education and experiential learning in remote NASA missions (additional cost: less than $80 if the school already has a computer with joystick port and Internet connection).  Since humans rely on multiple input modes to synthesize sensory information from the real world, haptics greatly augments Internet-based education tools: feeling is believing.  This project will bring science education to life for school children by allowing students to fee” concepts presented in class and in actual NASA missions.  In this way, learning and retention will be enhanced.  Through experiencing haptics, it is hoped that more students will be excited by and excel in science and mathematics and thus increase our technical base for the future.

Throughout our work, the National Science Standards will guide our developments.  This step is crucial to ensure that our work and products are meaningful and attractive to practicing teachers.  We will map all of our interactive haptics-augmented software products to specific elements of the National Science Standards; also, we will connect to as many individual state Science Standards as possible.

The proposed innovative haptics-augmented educational technology is not mature.  We already have two years’ experience in the project in programming and evaluating haptics-augmented high school physics and elementary school interactive software activities.  These products are currently in the Alpha version and we have some teacher and student feedback for improvements during Phase I.  The haptic feedback from remote NASA missions aspect of the project is entirely new for Phase I.  Our Phase I goals are to establish the technical and educational merit and feasibility of our haptics-augmented immersive remote NASA missions and science education.  Professional testing and evaluation of project products will be performed with students and teachers.  At the end of Phase I we will have the final Alpha versions of our products (haptics-augmented interactive software activities and Internet-based HTML tutorials).  The Phase I results will provide the basis for commercial development in Phase II.

1.4 Innovation

This proposed project in immersive, interactive, haptics-augmented science and NASA mission simulations is unique and promises to be an innovative educational vehicle for science, technology, and related areas.  Haptics-augmented education can be more engaging, fun, and compelling and thus lead to deeper understanding and learning.  Also, through touch and forces, students can learn advanced concepts intuitively before they have the complex mathematics required to study many advanced topics.  

As evidenced by our thorough literature review (partial one given below) and patent/copyright search, no other groups are working in the area of haptics-augmented science education, at any level (the exception is medical education, see below).  We propose to transfer project results to customers via commercialization, aided by the first and one of the best Technology Transfer Offices of any university in the nation.  Furthermore, our team is unique in applying haptics toward remote NASA missions for mass educational purposes.  This combination of factors will pose our team for success in the proposed innovative Phase I and II projects.

Brief Literature Review

The literature regarding the use of haptics in K-12 and undergraduate education seems to be non-existent.  M.I.T.  haptics expert J.  Kenneth Salisbury is quoted in a recent Discover magazine article (Lemley, 2000): - I’ve often wondered if you could teach (college-level) physics more effectively if your students could feel molecular attraction or planetary motion.  - Existing papers relating haptics and education are in the medical training field: the Interventional Cardiology Training Simulator (Shaffer et al., 1999) links technical simulation with specific medical education content, and a virtual reality-based simulator prototype for the diagnosis of prostate cancer has been developed using the PHANToM haptic interface (Burdea et al., 1999).  The Immersion corporation  (www.immersion.com) has developed haptic interfaces for injection training and sinus surgery simulation; these interfaces are relatively expensive and are special-purpose.  The GROPE Project (Brooks et al., 1990) has developed over 30 years a 6D haptic/VR simulation of molecular docking.  The SPIDAR haptic interface has been adapted to serve as - the next generation education system - (Cai et al., 1997), although the authors do not elaborate on the type of education intended.

A group at the University of Ioannina in Greece is involved with virtual learning environments including a Power Glove with tactile feedback to - build a theoretical model for virtual learning environments, expanding constructivism and combining it with experiential learning.  - (Mikropoulos and Nikolou, 1996).  A research group at the Ohio Supercomputing Center has applied haptics in virtual environments to improve tractor safety by training young rural drivers (Stredney et al., 1998).  Their results show haptics increases training effectiveness, but access to their unique training system is a problem.  Haptics has been applied to make virtual environments accessible to blind persons (Jansson et al., 1999).  Also, the effectiveness of virtual reality (without haptics) has been demonstrated in the learning process (North, 1996).
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1.5 Diffusion Potential

1.5.1 Commercial Diffusion

Along with technical developments for the haptics-augmented science education and NASA mission simulations, commercialization of project results is the most important work element.  We will accomplish this through the Ohio University Technology Transfer Office and our commercial partners.  A particularly strong vehicle for commercializing project products is as CD supplements to existing, commercially-successful K-12 science textbooks; we will pursue this avenue and other dissemination vehicles as commercial partners.

We agree 100% with the new thrust towards commercialization of product results.  Ironically, we believe that it will be easier to reach a larger number of students and teachers across the nation in the dissemination of project results if we charge for the product, rather than give it for free as we currently do.  The reasons for this are varied: i.e Charging will require commercial partners and polished, professional products; ii.  We can piggyback on successful commercial textbooks; iii.  We must ensure that our commercial product will fit the National Science Education Standards so school systems are willing to invest in our products; iv.  Funding for technology products to augment and enhance education is available in most states; in both Ohio and Virginia, this funding is often under-utilized.

In addition, the inclusion of real, remote, interactive, immersive NASA missions will pique the interest and excitement of many students and teachers across the nation which will enhance the commercial value and desirability of our products.

1.5.2 Ohio University & NASA Langley Dissemination

In addition to commercialization of product results, Ohio University will be joined by members of NASA Langley’s Learning Technologies Project to disseminate project results to the national community of educators in technical and education arenas via conference papers and journal articles.  These will detail project developments and evaluations; at least one national or international conference paper and journal article will be submitted per project year, during both Phase I and II.  This process has already started in early project, evidenced by the reference list below.

Related Publications and References

R.L.  Williams II, M.-Y.  Chen, and J.M.  Seaton, Haptics-Augmented K-12 Science Education , presented at the Ohio SchoolNet State Technology Conference, February 2001.

R.L.  Williams II, R.R.  Conatser Jr., J.N.  Howell, and D.L.  Cade, Virtual Haptic Back Software , Copyright Application, Ohio University Technology Transfer Office, December, 2001.

R.L.  Williams II, M.-Y.  Chen, and J.M.  Seaton, Haptics-Augmented Simple Machines Educational Tutorials, submitted to the Journal of Science Education and Technology, September 2001, under review.

K.L.  Holland, R.L.  Williams II, R.R.  Conatser Jr., J.N.  Howell, and D.L.  Cade, Implementation and Evaluation of a Virtual Haptic Back , Virtual Reality Society Journal, accepted, to appear.

R.L.  Williams II, M.-Y.  Chen, and J.M.  Seaton, 2001, Haptics-Augmented High School Physics Tutorials, International Journal of Virtual Reality, accepted, to appear.

R.L.  Williams II, Cable-Suspended Haptic Interface , Ohio University Technology Transfer Office, March, 1997, Provisional U.S.  and International Patent.

1.6 Project Feasibility

Ohio University development personnel have significant experience in programming virtual, remote, interactive, and immersive environments on the PC using commercial haptic interfaces and high-quality graphics.  Existing expertise includes C++ programming with OpenGL graphics and the DirectX SDK for interaction (motions with and force/touch feedback to) the haptic interfaces.  Students can change parameters via pull-down menus and see and feel the effects for improved, deeper learning.

There is a proven track record of producing haptics-augmented software products at Ohio University, so the project feasibility is good to start with.  However, during the proposed Phase I HANDS-ON project we will demonstrate the technical and educational feasibility of several key items: 1) Audio feedback must be added for more complete sensory information; 2) The graphics, must be improved to the level of a commercially-viable product, on par with the video and computer games many of our students are accustomed to; 3) Our current Alpha haptics-augmented software versions must be improved in a polished, professional manner to produce Beta versions that are suitable for near-term commercialization; and 4) The proposed remote haptics-augmented NASA Missions are all new in Phase I - we must demonstrate and evaluate their technical feasibility and educational merit.

Current Project Progress:

The haptics-augmented science education project is currently in its third year of development.  We are using commercially available (<$80) haptic interfaces which connect to a PC in order to give the student the sense of touch and forces from a virtual environment.  Force is central to many science concepts and we believe our products will make learning more engaging, fun, and lead to better retention.  It is important to note, we DO NOT want to replace teachers, textbooks, or experiments, rather we wish to augment these resources in education with innovative educational technology.

During the first year, we developed and evaluated high school physics haptics-augmented software activities and Internet-based tutorials to supplement these activities.  Feedback from high school students and teachers was valuable to make one round of improvements in the second project year where we developed and evaluated elementary school simple machines haptics-augmented software activities and Internet-based tutorials to supplement these activities.  Again, feedback from elementary school students and teachers was valuable to make one round of improvements.  Despite this initial evaluation and subsequent improvements, these products can only be considered to be at the Alpha level and significant effort is required to upgrade them to produce Beta versions at the end of Phase I.

Currently we are in the middle of the third project year where we are developing middle-school-level science (pre-physics with Newton’s Three Laws, compound simple machines, motion and energy, among others) haptics-augmented software activities and Internet-based tutorials to supplement these activities.  We have a quarter-long evaluation planned with local middle school students and teachers; our internal deadline is end of March 2002 to finish the initial Alpha version for evaluations.  The elementary and middle school levels are crucial to reach students to get them excited about science, math, and technical educational opportunities for the future.  All products are designed to fit within National Science Standards to ensure that they will be useful to practicing teachers.

We plan to improve our existing products and pursue commercialization of results with an industrial partner.  We will also explore more general education, branching out beyond science education into more experiential learning areas, including actual NASA missions simulated in an interactive, immersive, remote, haptics-augmented educational environment.  Also, haptics-augmented training and education for vision-impaired persons will be investigated.

To date, our high school and elementary school products are available for free from the project homepage (developed for Internet Explorer):

http://www.ent.ohiou.edu/~bobw/html/NASAHap/hasehome.htm
Alternatively, go to: http://www.ent.ohiou.edu/~bobw and then click: NASA Haptics-Augmented Science Education

Our middle school haptics-augmented educational products (Alpha version) will soon be available from the same website.  All of these products will be transformed into Beta versions during Phase I for extensive commercialization during Phase II for maximum dissemination of project products.

1.7 Partnerships

This section briefly presents our teaming arrangement to perform the proposed work.  In Phase I, Ohio University will work directly with the Learning Technologies Project of NASA Langley Research Center; one of the chief action items in Phase I is to identify the appropriate programming and textbook publishing commercial partners who will be very important in Phase II development and commercialization efforts for the project.  This section concludes with a subsection describing another Ohio University interactive haptics-augmented education development project, funded by the National Science Foundation.

NASA LaRC LTP

Jeff Seaton, Regional Project Manager of the NASA Learning Technologies Project at Langley Research Center will provide project oversight and programmatic direction.  NASA Langley LTP will also provide experience regarding what works well in K-12 educational technology application and dissemination and will facilitate working with NASA researchers to obtain data for use in the haptic simulations based upon NASA projects and missions.

Ohio University

There are three Ohio University organizations involved in the proposed project, listed below.  To date, Ohio University has provided approximately $30k in matching funding (PI academic year release time and graduate student tuition) for two years for the haptics-augmented science educational development funded by the NASA LTP.

Haptics Laboratory

Dr. Williams, manager of the Ohio University Haptics Laboratory, will lead technical, educational, and NASA mission developments.  This laboratory has space and networked computer and software resources for project developments.  The Haptics Laboratory is involved in haptics-augmented educational development projects and owns all of the major commercial haptic interfaces.

College of Education: Instructional Technology

Dr. Franklin of Instructional Technology will lead the project testing and evaluation efforts according to accepted and state-of-the art methodologies.

Technology Transfer Office

The Ohio University Technology Transfer Office will lead commercialization efforts during Phase I, passing this responsibility to our commercial partners during Phase II.  This office is the first of its kind in any university in the nation (formed in the mid 1980s).  Though Ohio University is not near the top ten research universities in terms of total funding, we are always in the top ten of patents, invention disclosures, and royalty payments divided by total grant funding! This is due to leadership from this office, which has significant experience in moving Ohio University intellectual property, products, and software to the marketplace.

Commercial Partners

A critical element of the work plan for Phase I is to identify two commercial partners, discussed below, who can aid the team in commercializing project results in Phase II.  During Phase I we will recruit these commercial partners and enter into formal agreements for sharing the intellectual property and future profits of the commercial products.  Again, the Ohio University Technology Transfer Office has extensive experience in landing and negotiating such deals.

Programmer

We will identify and team with a company that specializes in state-of-the-art graphics and audio programming for immersive, interactive, dynamic environments.  Haptics programming experience would also be a plus, but not required since Ohio University can lend this technology in the final products.  They will require the bulk of the Phase II funding allotted to the commercial partners, for technical developments of the final, polished, professional software products.

Textbook Publisher

One or more common K-12 science textbook publisher will be recruited as a commercial partner.  A powerful vehicle for commercial dissemination of project results is via CD supplements sold with existing successful textbooks.  This is the route we are using for the NSF project (below).  Other formats may be pursued at the discretion of this partner.  The publisher will not require much Phase II funding (applied to marketing) since they will have profit motive as their incentive.  However, this partner is very important to ensure that project results will be self-sustaining after the NASA LTP funding ends.

National Science Foundation

The National Science Foundation recently awarded to Ohio University a one-year, $75k, Educational Materials Development project under the Course, Curriculum, and Laboratory Improvement program.  The Ohio University Pis are Dr. Williams (Haptics Laboratory) and Dr. Franklin (Instructional Technology).  The project objective is to develop haptics-augmented interactive software activities for undergraduate engineering education.  Project evaluation is a key focus and commercialization of project products as CD supplements through textbook publishers will be pursued.

The reason this NSF project is listed in the current Partnership Section is that many of the NASA and NSF activities will be common and thus can be leveraged for enhanced technical and commercial success.  Also, this demonstrates that our haptics-augmented educational technology efforts currently cover K-12 and undergraduate education.  In the future, this could be extended to graduate education, distance learning, and life-long learning (all of which are priorities in the Ohio University mission).

1.8 Evaluation

Perhaps the most important aspect of this proposed project is evaluation of the resulting haptics-augmented science and general educational software programs and tutorials.  The aim of evaluation is to ensure the commercialization potential of our products.  Project testing and evaluation in both Phase I and Phase II will be led by Dr. Teresa Franklin of the Ohio University College of Education, Department of Instructional Technology.  Dr. Franklin is an expert not only in Instructional Technology curriculum development, but especially in testing and evaluation methodologies for Instructional Technology.  This subsection discusses the proposed evaluation vehicles to measure project success, to ensure alignment with National Science Standards and teacher/curriculum needs, and to ensure commercialization potential of our products.  

This section discusses the proposed evaluation vehicles to measure project success.  The major project deliverables that must be evaluated are the haptics-augmented science and NASA-mission software activities and the associated HTML tutorials.  This evaluation will form an important component of our commercialization plan, including selection of commercial partners, for Phase II work.

We will initiate our project in a focused manner by a Planning Evaluation exercise.  This will include video of existing

student work in the proposed courses before the haptics augmentation.  During both Phases of the project, we will use Formative Evaluation techniques to improve project results.  Formative evaluation will include examination of student work captured on video to determine if students are developing concepts conducive to their courses in science with the aid of the haptics technology.  This will be applied to the NASA mission activities as well.  Dr. Franklin has successfully applied such video evaluation in other instructional technology settings.

At the end of both Phases of the project, Summative Evaluation will provide necessary information to give us future direction for commercialization of project products.

For the one-year feasibility project proposed in Phase I, additional major formative and summative evaluation vehicles will be special online student and teacher evaluation forms.  The nature of these vehicles will be outcomes-based assessment.  Dr. Williams of the Ohio University Haptics Laboratory has demonstrated outcome-based assessment success, having been recognized by Ohio University in 1998 with a $25k award for excellence in this activity.  The evaluation forms will ask for detailed feedback for each separate item (each software and tutorial activity) and for the integrated product as a whole.

Student and teacher feedback will be used to improve the project deliverables, towards the end of both Phases of the proposed project.  Experience in the first year’s evaluation will lead to the development of a detailed, long-term evaluation plan for commercialization purposes.  

Part of the assessment procedure will be the commercialization study, to be led by the Ohio University Technology Transfer Office in Phase I and our commercial partners in Phase II.  This Ohio University office has many contacts and evaluation procedures in place to determine the commercial feasibility of Ohio University intellectual property.  Feedback from this study will guide the commercial development and also contribute useful technical changes to implement.

