Project Summary





Present day information technologies, especially those developed with a view towards the World Wide Web, create opportunity for enhancing the lives of individuals with major disabilities. Contributing in relatively new ways to the develoment of assistive technologies for quadreplegics in particular, this proposal centers on a Syracuse high-school student, Eyal Sherman. Eyal became a quadriplegic at age 4, and has since been unable to speak or move his head.  In preliminary work as a member of our team during the past year, Eyal has been able to control a computer and external devices using only his limited range of facial gesturings. We have isolated these as signals using photocells and other sensors interfaced to a computer serial port via a custom module. Our own gesture recognition software is then configured and calibrated to discriminate signals and provide some desired control effect (s).  Accomplished outputs thus far include:  a) limited text generation with a simple yet novel arrangement; b) playing a Java-based Tetris game; c) ‘driving’ a remote-controlled car; and d) playing Pacman( using a modified game controller connected to the parallel port of a PC. For the proposed work, we intend to apply and extend these approaches to science education applications. In close cooperation with teachers at Eyal’s high school, we plan for him to succeed in the following areas: 





mouse control and typing


completion and electronic submission of homework assignments


lab activities (given prior set up by aids) both with and without partner


participation in annual sholastic science fair 





From the outset, our research has been structured along two foundational axes: 1) an  interdisciplinary approach to specific problems, and 2) an economic model necessitating that produced software be free and our hardware devices be cheaply and easily rendered by interested parties. The latter has indeed separated us from the larger community of assistive technology providers.  Our objective remains long term social rather than economic.  A desire to create opportunities for the disabled user to become proactive, well-educated, and productive members of society fuels our ongoing efforts.  These projects and resources are described on our World Wide Web site (http://www.pulsar.org). Finally, we have the added privilege of integrating this work with advanced computational and web-based resources from the Northeast Parallel Architectures Center at Syracuse University. These include parallel database servers, video servers, and a sophisticated Web-based collaboratory system. Such “high end” technologies will likely become inexpensive and commonplace in a matter of years. Our efforts will also relate to (benefit from?) existing NSF-supported educational projects using these technologies.





***********************************************************************


Project Description 





Difficulties with Quadreplegic Assistive Technology  





In the field of assistive technologies for the disabled, the quadreplegic user is one of the more challenging to access developers.  Medically conceived, quadriplegics are grouped into several categories depending upon how high up the spinal column their original injury is located.  Neurologists have classified spinal chord trauma into the following ratings: C4-C1 [explain].  Relative to the rating, an individual’s remaining neural abilities are usually determined.  As high as C1, head movement is typically possible as well as speech.  However, because C1 patients generally require mechanical breathing support, speech is made difficult by their ventilator, thus rendering access techniques like voice recognition improbable.  There is one final grade of paralysis beyond which is death:  the brain stem quadriplegic.  Like the others, injury or disease has stopped brain stem function (what is its function).  Eyal Sherman, the ostensible focus of this proposal’s offering to the disabled is a brain stem quadriplegic.  In Eyal’s case, access to a computer is thus wrought with  additional technical challenges beyond those addressed by current assistive systems.





General Context of Current Assistive Techniques For Quadriplegics 


Literature Background


The importance and challenges of Web access for persons with disabilities has been pointed out by Laux et al. (1996), who estimate there are over 26 million Americans with physical and sensory disabilities and over 23 million others with cognitive and literacy disabilities. For additional disability statistics, see ________UCSF site_______. Although Web technologies have been developed to date with inadequate attention to the access needs for disabled, it nevertheless offers excellent resource information. Our own Pulsar Project Web site (http://www.pulsar.org/) offers a sample of sites (as well as a number of comprehensive “lists of lists”) offering research and services to people with disabilities and their families. 


The World Wide Web Consortium (W3C; �ref  HYPERLINK http://www.w3.org/pub/WWW/Disabilities/ ��Error! Reference source not found.�) is giving special attention to disabilities issues. The W3C position statement (�ref  HYPERLINK http://www.w3.org/pub/WWW/Disabilities/Activity.html ��Error! Reference source not found.�) includes the following text: “All the protocols and languages we issue as Recommendations should meet or exceed established


accessibility goals. In addition, we will actively encourage the development of Web software and content that is accessible to people with most disabilities.” 


Our approach is anticipated by the following assertion from the early 1990s: “… interdisciplinary efforts between medicine, education, biomedical engineering, physical and occupational therapy, and other fields are long overdue in designing devices that take students’ complex motor, sensory, and behavioral skills and needs into consideration. Particularly needed are adaptations and devices that are simple and affordable, and thus readily available to schools with few resources.” (Orlove, 1991). 


Assistive technologies, including alternative input systems (keyboard, mouse, etc.) are described in books (Lazzaro, 1993; Alliance for Technology Access, 1996). Many and ingenious are the ways in which the challenge of giving the quadriplegic access to the computer has been approached.  Below, I list these [and include scholarly as well as corporate references to] them.  





Head Pointer Sticks


3D Tracking Systems (e.g., Origin)


Eye Trackers (e.g., Eye Tech Digital Systems)


Eye Mouse


Joy Mouse (e.g., Semco)


Visual Keyboard (e.g., Adaptive Computer Systems)


Tongue Touch Keypad (e.g., New Abilities)


Voice Recognition (e.g., Dragon Dictate)





Eyal is unable to use any of these technologies.  As a brain stem quadreplegic he cannot breathe, move his head, speak, or move his tongue; he is literally a mind trapped in a useless body.  As a representative of the socio-economic status of many persons in his physical situation, he is unable to use visual manipulation technologies as these are exorbinantly expensive and as of yet imperfect. Speaking of the ocular based assistive technologies, Dr. Robert Jacob of Tufts University Department of Electrical Engineering and Computer Science and leading investigator into this method says, “Eye tracking has been used for quadreplegics, but it is fairly cumbersome and performance is still not perfect, so if the user has other alternatives, they are often preferable.  It is also relatively expensive.” Our proposal is based on an economic model which makes the resultant technology affordable and deployable at any point of need.  


************************************************************************


Pulsar’s Context for Addressing the Problem and the whole system 





Pulsar Project — NeatTools and SmartDesk (GrokBox later for now—below)


This section will put Eyal’s project into the greater context of our research on interface design and cybernetic systems architecture. This multidisciplinary collaboration has its roots in work undertaken by proposal Co-PI, Dave Warner, in the early 1990’s. In fact, the antecedents of our approach/solutions were not even born in the realm of the physically disabled. Warner, began using high performance supercomputers and 3D graphical software as a first year medical student to collect and innovatively render data coming from such clinical tools as the electroencephalograh (EEG), magnetic resonance imager (MRI), electromyograph (EMG) and the electrocardiogram (EKG).  Experiments were performed on fully functioning participants (i.e., Warner and fellow students). Initially important was their learning that bio-electric signals coming from numerous somatic processes (e.g., cortical alpha burts, heartbeat, flexed muscles) could be measured and then rendered to generate medical data in ways far more clinically effective than had been produced ever before (e.g., isosurfaces vs squiggles: parkinson’s etc).  This became evidence of vast and untapped capacties of the human body to output signals. It was but a step away to notice the correlation between willful expressional behaviors and specific somatic signallings.  By casting the entire body as an expressional media, more enabling and as yet unforseen frontiers of interface develoment were promised. The emerging vision sought radical innovations in how human beings purposefully and functionally interact with computers in the processes of perception and expression of information. Enter the disabled.





Around the same period as Warner’s work, engineers at Stanford University (Lusted & Knapp, 1992) had been working with EMG signals as a form of computer signal input.  Spring of ’93 saw a technology coming from their labs which they asked Warner to test.  Biomuse was a new device for transducing flexed and relaxed muscle signals into synthesized musical tones.  Following extensive interaction with the Biomuse, it dawned on Warner: what if we put some kind of sensor on the head/face of one of the quadreplegic children from Pediatric Rehab, and then connected those live signals to the computer?  Hence the first qaudrepeligic child to ever control a computer with facial gestures occurred.  So began the inquiry into and development of new methods for translating facial movements into input commands.  The process of sensing some movement of the face and making that an input is, as Warner accomplished it, in fact, quite unique in the culture of assistive technologies. This work has received national attention, including news coverage on ABC and CNN.  We have presented our work at several conferences, including Telemedicine: Reality and Virtual Reality (Syracuse Convention Center, May 1996) SIGGRAPH (New Orleans, August, 1996), Supercomputing (Pittsburgh, November 1996), Medicine Meets Virtual Reality 5 (San Diego, January 1997), and Association for Computer Machinery annual conference (San Jose, March 1997. We sent a team of about six team members to most of these conferences for ample coverage of our exhibit areas; often there were associated platform presentations. In addition, Warner has presented our work at numerous international conferences in the U.S. and Europe and Asia.





************************************************************************





Historically speaking, as extreme progress was being made in all other areas of informatic performance, the interface was suffering; mice, keyboards and joysticks were the standards. This dimension of the technology seemed practically invisible to developers.


The ideal aim of an interface is to maximize meaningful informational structures to human perceptual systems and simultaneously permit maximal expression, and so on. A quadreplegic child still is able to generate intentional output in accord with cognitive expressional content.  Active facial motor and sensory capacities were captured.  I3 was founded to meet this need for new interfaces.  Beginning with quadreplegics, our interface designs extend to the cognitively and physically impaired and all the way up to fully functioning physicians conducting medical consultations and treatments at a distance, over the web in real time.  Below is a table of these elements.  As an entire system, these elements are all part of a functionally linked whole any single part of which may be removed for some specific purpose, in our case Eyal.  Pulsar is the name of the collaboratory project to bring this thinking and technology to functional and social fruition





Somatic Sensory Structures:�
Head; Facial; Body pliant devices [URL]�
�
Signal Transduction Hardware:�
TNG 1 & 2�
�
Gesture Recognition Software:�
Neattools�
�
Perceptual and Expressional Learning Environment�
Smart Desk�
�
Perceptualization Chamber�
GROK BOX�
�
Web-based Collaborative Dynamical Emergent Cyberstructure�
TANGO �
�
	In 1996, we adopted an umbrella name for this effort: “The Pulsar Project” and set up a Web-based resource under this banner (http://www.pulsar.org). The Pulsar project philosophy is to provide enabling technologies that are accessible to individuals in need. The project is increasingly Web based and accordingly is open to collaborators and participants. Our approach is to provide free downloadable software,  inexpensive hardware (interface modules, sensors, and mounts), and access to local, regional, national and international resources. The electronic and mechanical components and sensors are designed to be modular and flexible. Education is one of our major thrusts a) to maximally enrich the lives of users and b) to maximize their opportunities for partial independence, productive work (in some cases by telecommuting), and general fulfillment in their lives. The one thing the project has lacked to date is stable funding. We are hoping that this project can serve as a foundation for continued and expanded support.





Grok Box Project and TANGO


We have recently received a limited grant from DARPA for developing a human-computer interface system for a sophisticated perceptualization environment. DARPA’S specific scenario involves a battlefield commander who is suddenly coping with a biological warfare attack and who therefore needs to rapidly access and process pertinent scientific, clinical, and military research information available on electronic databases. In this compelling scenario, entirely new modes of human computer interaction and database mining must be developed. Grok Box overlaps significantly with our NeatTools and SmartDesk projects, and the general results obtained may be applied nonexclusively to these and other projects. 





The Grok Box project in a sense is the primary system of Pulsar.  Pulsar’s essential mission is that of envisioning and creating new forms of human computer interaction: interfaces.  A “task-centered” and “person-centered” orientation to systems is how we conceive of the challenges.  The former is that interface design which is built with a view to the actual information processing requirments of a specific task for which that interface has been commissioned.  The latter is that interfface design which is built with a view to the total set of sensory and motor abilities of a particular user.  The foundation for our total approach to interface design is perceptual psycho-physics:  the interface should be constructed in resonance with the actual properties and abilies of the human nervous system’s ability to perceive process and render to consciousness information and then, having perceived, the nervous system’s ability to modulate behavior so as to express contents of mind.





Foundational to this work is some very powerful new web-based Java software and fucntionality being developed by a gifted team at NPAC under the project TANGO, directed by Marek Podgorny (Podgorny et al., 1997).  A Web-based collaboratory is one wherein a specific group of expert personnel, their support staffs, institute resources and all related on-line databases comprise the collaborative. The collaborative, then, is a networked aggregate of expert knowlegde and skill resources deployable as an entity, as needed. “TANGO is an integration platform which enables building Web-based collaborative environments. The system provides the means of fast integration of Web and non Web applications into one multi-user collaborative environment" (Walczak et al., 1996).





Grok Box [URL] is our high-end interface system module which is composed of all the individual separately functional sub-modules (e.g., HEAD MOUNT, TNG, NEAT, SMART DESK). The graphic we have provided intends the whole system of what we are creating.  The World Wide Web is the general platform; TANGO is the capacity to spontaneously and emergently generate a  subset of linked web participants around a specific goal with diverse kinds of linked resources; Grok Box is a complete interface node linked into the collaboratory, Smart Desk is a special subset of Grok Box; Neattools is the software connection between sensory perception and expressional input/output, TNG is the singal transducer which take sensor ouput and makes it intelligible to Neat.  





Summarily, we have created a set of technologies which function as a comprehensive system.  Eyal’s module is the head mounts, TNG, Neat and with these he plugs into a particular collaboratory infrastructure.  In this case his hight school physics group which will be a web-base collabrotory allowing Eyal to electrocially submit his assignments and access educational information on once he has logged onto and done work on his local system.  This will then hook him up to the collaboratory. We intend to integrate this system into the project so we can interact with educators, disabilities experts, and others. In addition, we want to experiment with this as a means for Eyal to accomplish part of his work in a distance-education mode. Looking ahead to his college years, this would offer him convenient access to tutoring and support services as well as allowing for other interactions (with classmates/partners) and homework submission. 





************************************************************************


Our Background


Winter 1996 — Eyal Sherman Joins Team


Finishing his program, Warner began the Nason Fellowship at Syracuse University.  Work with Eyal began immediately. In late 1995, proposal PI Edward Lipson introduced David Warner to the family of Eyal Sherman (ref. Eyal’s home page), now 15-years old still living in Syracuse. The Sherman family, in fact, had seen Warner’s work on a national TV newscasts but—noting that he was then in California and in medical school—they assumed his “interventional informatics�” approaches would be unavailable to them. It was a pleasant surprise when Warner was brought to their doorstep and that he was now a Nason Fellow at NPAC for the next year or two spearheading a research project that could involve Eyal. This initial meeting has indeed led to an ongoing collaborative effort in which Eyal has been enlisted as a member of our research team to help us develop and test technologies that can enable him and many others to lead richer lives. Our work has been largely focused on his needs with the understanding that our modular� approaches are eminently extensible to others.  


Eyal’s home page


TNG-1 & 2


In early 1995, we conducted a number of evening and weekend sessions  at the Sherman’s home and began evaluating Warner’s methods, mainly using the TNG-1 myoelectric interface module (EMG) (see _______; mention in caption “myoelectric signal processing”) connected by clip-leads to self-adhesive electrodes applied pairwise to Eyal’s face.  Using Neat software, we were able to have him drive a radio-controlled car with a wireless video camera aboard while he observed a video monitor. In this way, he was able to reach areas of the home that were well out of his view, a phenomena known as  telepresence. The handheld controller for the car was modified to interface to the parallel port of the computer (Shmidt, 1994) which was controlled by the readily configurable Neat software. This method reproduced similar activities that Warner and his colleagues had done with quadriplegic subjects in California and elsewhere. However, we soon recognized some limitations of the method. Namely, that the electrodes were not sufficiently stable: their adhesion would diminish during a session; the surrounding skin had to be moistened frequently; and the Neat software had to be recalibrated often. 


	We also had Eyal generate some musical sounds using Neat software’s built in sound functions. Because of his interest in music, we plan to develop this capability further in this and other versions of the software.  Pulsar member Rik Rusovick is also a musician.  He is helping programmer Michael Chang put together a midi music module for the Win95 version of Neattools. 





 ***********************************************************************


Developmental History of Facial Mounts and Sensors 


Summer 1996 — NPAC REU Program 


In the summer of 1996, we attracted 4 of the 13 students who came for the NPAC summer REU (???) program �in computational science (?title & URL). One of these (Adrian _______) was from Syracuse University and had been working on our team already. The summer effort is summarized in the report of this team which is available online at ________________, as well as on active Web pages (____________). Briefly, the students were working in cooperation with their advisors (Warner and Lipson) and two graduate students (Guo and Lee) in the areas of software and hardware development. Hardware research focused on alternative sensors and mounting systems [pictures as perhaps contrasted to other interfaces for quads]. Some of these are shown in Figs. ___. The sensors that were tried out included photocells, Hall Effect transducers (magnetic sensors; Sci Am, 8/96 reference, include. circuit diagram), and potentiometers.  


	The software work included Web page development and Java applets (how are these actually related??) in conjunction with a new version of Neat software, called NeatTools, that was being developed to work in the Web environment. This package, written in Java, JavaScript, and native C++ code, is available (in a still incomplete version) online at ________________. One of these applets involved the “text triangle” (Fig. ______) for primitive typing, and another was the Tetris game that was downloaded and adapted from elsewhere.


	During this summer, we had our first demonstrable success with the Pacman game: Eyal first cleared the board, to the considerable excitement of all those present.  


Throughout this project we continually document our work, not only with laboratory records, but also with video recordings (usually in Hi-8 format), 35-mm photographs, and digital photographs). 


Fall 1996 — Soling Program Students and Others


	In the fall semester, three bioengineering undergraduates from the Syracuse University joined our laboratory under the auspices of the Soling Program, in which students work on creative projects for academic credit (details). Their work, in collaboration with other members of the team (notably industrial design students), led to a new type of mounting system attached to the wheelchair headrest. This allows photocell sensors to be positioned flexibly near Eyal’s face with a mounting system, offering multiple degrees of freedom for positioning each of the four sensors (typically for cheeks, forehead, and chin) [photos]. 


Spring 1997 


	In the current semester, the?? ID students have refined this further into an eyeglass-based mounting system with flexible attachments (Fig. ____). This has the key advantage that it can be set up much more rapidly than the previous systems which for all channels might take most of an hour for setup and adjustment and were beyond the scope of what we would expect the family members to be able to do routinely. So now we are converging on a relatively simple quick-connect system. Current efforts are in minimizing the weight of the system for considerations of comfort and convenience. In the same time frame, we have received a generous gift of a two-channel differential variable reluctance transducer (DVRT) system as a gift from Microstrain, Inc. (http://www.microstrain.com), Burlington VT. This electromagnetic device allows precise position sensing by motion of a fine wire that slides in a small channel at the end of flexible tubing that houses the wiring. We have built an electronic interface to scale the output signals from this to match the input voltage range (0–5 V) of TNG-2.





*********************************************************************** 





Facilities (cross reference NSF section on this)


NPAC Interface Laboratory and “Center for Really Neat Research”


CRNR photo


	To date most of these efforts have been conducted in the NPAC Interface Laboratory, set up in 1996 specifically for this project (and centrally located next door to the NPAC conference room). Some of the work is now carried out in the new 12,000 square-foot leased facility across the street from the Center for Science and Technology building that houses NPAC. This former fraternity house, is called the Center for Really Neat Research (CRNR, a play on its location on a street CoRNeR, and yet another application of the word “neat” that has come to pervade our work). The house and the activities within have recently received publicity in the Daily Orange (student newspaper) and the February 13, 1997 Herald Journal (Syracuse newspaper), the day before our first community open house was held there. 


	In addition, PI Edward Lipson, who has significant lab space as an SU physics professor will be doing/hosting much of the physics work specfic to Eyal’s proposal in the lab (s).


Physics Laboratory Resources


The Physics Department has recently modernized its general physics laboratories recently with Pentium-class computers and interface software and devices from Vernier Software, Inc., notably the Sonic Ranger system for doing kinematics and other experiments. We will be able to contribute one of these setups to Nottingham High School for use on this project. We are also in the process of adding computer-interfaced apparatus to our upper division laboratories and will keep this project in mind for possible interactions and spin-offs suitable for high school level and particularly for Eyal and other students with disabilities.


*******************************************************************





Who Needs the Space Shuttle ?





VRML and Java are being used by SU physics professors to demonstrate physical laws in very selective and interesting ways.  Syracuse University Physics professors, David McNamara and Gianfranco Vidali have written several Java applets with which to demonstrate several physical laws: 


1)Explore the Kepler's laws of planetary motion [http://physics.syr.edu/courses/CCD/Solar/kepler_frame.html] 


2)Newton's gravitational law test the interaction between two celestial bodies [http://physics.syr.edu/courses/CCD/Solar/test_frame.html] 


3)Escape velocity from planets [http://physics.syr.edu/courses/modules/SETI/index_nn.html]�


    


In addition there is a growing presence of visualization simulations of physics subject matter.  Right here at Syracuse University, Physics graduate student Rob Salgado at [http://physics.syr.edu/courses/modules/SETI/index_nn.html], has done very good electromagnetism tutorials.  The what’s New in Physics Education page [ http://www-hpcc.astro.washington.edu/scied/physics/physnew.html]:  a hot list of links to myriad instances of physics education meets 3D graphical simulation technologies.  Microsoft’s own work in VRML world development is even incorporating acousitic prinicples which adds to the purely visual stockpile thus far created. 





Adaptation around a disability, given a novel ecological shift, in evolutionary mechanical terms, typically creates a superior ability—emergence of a superior trait


Eyal’s situation engenders a novel and powerful approach to physics education: we don’t need to go into real space for extraterrestrially based theoretical physics experiments;  With VRML, Java and a host of simulation technologies where you can simply turn off one force and with the others well intact have the historically proven equations generate a world result where something completely unnatural/physically irregular has occurred.  So Eyal in many ways faciliates a new vision on some areas of experimental and educational physics.  Such beautiful thoughts and possibilities are only possible if you guys shell us some cash 





Pulsar, then, is developing technologies which are utterly future compliant.  Our team is made up of highly creative and innovative thinkers who are concerned with present and future vision and not limited by specific object/method thinking of current and traditional existing devices and concepts.  In this way, providing Eyal with the proposed functionalities promises a systemic refinement which will be available to all quadreplegics for much cheaper than anything out there with even greater success than the only viable current and cumbersome controller:  eye trackers. 





The elegant feature of what we at SU are doing cannot be underestimated from the perspective of those appraising better and worse methods for enabling the disabled. We request a grant to develop an airtight and inexpensively deliverable kit for a specific individual with an unusully severe form of paralysis so as to create an assitive system for computer access more effective and generalizable to all quadraplegics than any to date. Our [proposed] solution to Eyal’s dilemma is one and the same as an inexpensive, highly effective, and generalizable (usable by all grades of quadreplegic) solution to the entire problem of assistive technology for the quadreplegic user.





. 





********************************************************************





Science for the 21st Century Course 


In 1992 the Syracuse University Physics Department began offering a modular integrated-science course as a pilot with about 16 students. The course, entitled Science for the 21st Century was conceived and initially co-taught by Marvin Goldberg (currently on leave as NSF Program Director for High-Energy Physics) and Edward Lipson (PI). The enrollment of this two-semester course has since increased to a level of 270 students. An important feature of the course is Web-based modules (see � HYPERLINK http://suhep.phy.syr.edu/courses/PHY106/; ��Error! Bookmark not defined.� reference two publications).  





NSF Educational Grants


We have been awarded two NSF grants for development of Web-based modules for science education. Both proposals are based in part on the Science for the 21st Century course (PHY105/106), but are to be made available on a national basis. The MRA grant (see Progress Report above) is for adaptation of four supercomputer simulations to undergraduate and K-12 learning modules using hybrid Web/CD-ROM delivery. Two of these are being developed at Syracuse University and two at Cornell University. The CCD grant is for development of three science education modules, all closely tied to PHY105/106: a) SETI, b) Mind and Machine, and c) States of Matter. 





Institute for Interventional Informatics (I3)


Dave Warner established this not-for-profit organization in California. It has provided partial support for our projects including that development of Neat software and TNG interface modules, and student travel. In addition, I3 has provided major funding, furnishings, and equipment for the CRNR house (above). 


Telemedicine


As mentioned above, this work relates to ongoing telemedicine activities in the Syracuse area and elsewhere in the Nation. Dave Warner is co-chair of the technology task force of the American Telemedicine Association. This task force is currently leading the process of establishing national standards for the implementation of telemedicine. A demonstration area for Web-based home health care will be implemented in the CRNR facility in cooperation with local healthcare companies and institutions. Several of us have participated (Fox, Lipson, and Warner) in the school CareWeb project in cooperation with the SU College of Nursing, the Syracuse City School District, and the State University of New York Health Science Center at Syracuse. This project is designed to provide sophisticated healthcare to inner city children who are presently underserved by the traditional school nurse resources. The Web-based Oracle database system for this project was developed by NPAC scientists and graduate students in cooperation with nursing faculty. The CareWeb project is based on the tripartite “Bridge” model developed by Warner and Balch (Telemedicine J. ref). We anticipate that the science education thrust of the proposed work will eventually dovetail with the CareWeb project once implemented in the city schools including Nottingham. These schools already have active inclusion programs for students like Eyal, and healthcare considerations are often a critical concern for students with special needs.  


Visible Human Viewer


Among the leading-edge Web based projects at NPAC is an award-winning (JARS) Java applet known as the Visible Human Viewer (VHV). This applet allows one to dynamically select three orthogonal sections from the Visible Man database, which is part of the National Library of Medicine’s Visible Human Project. {SAY MORE} The author of this applet, Yuh-Jye (Michael) is now a member of the Pulsar team (see below). We will include this VHV as part of the science education part of this project (PERHAPS SCIENCE FAIR???). MOVE THIS: Chang is currently writing a) Windows drivers for mouse and keyboard control (based on his extensive experience in Windows/C++ as well as Java programming) and b) a whole new visual application programming interface (API) that will become a Netscape plug-in. This should be ready in preliminary working form within the next month (April or May 1997) or two and will play a significant role in the proposed work. 


Nottingham High School Projects


Regents Physics


Regents Physics is a year-long survey of physics topics taught according to the New York State Regents syllabus.  Regents Physics is oriented to the student planning to attend college and is more rigorous than the non-Regents Applied Physics course also offered at Nottingham High School.  A student in Regents Physics will study such topics as mechanics, motion in a plane, energy, internal energy, wave phenomena, geometric optics, electricity and magnetism, electromagnetic applications, modern physics, nuclear energy, and solid state physics.  Before taking a rigorous exit exam on the physics topics, a student must qualify to take the exam by completing a minimum number of lab hours and by performing several specific labs.


Classroom Environment


The Regents Physics classroom is a spacious classroom outfitted for lab work.  Wheelchair access is excellent including access to the room, movement around the room, and use of a lab table.  Because some of the furniture can be moved, a student with disabilities would not stand out or be forced to locate themselves in an awkward location.  The room has several computers that are also accessible to a student with disabilities.  This light and airy physics room has been the scene of many cooperative and engaging science activities.


Eyal In Class


Because Nottingham High School has a very diverse student body and excellent support for students with special needs, Eyal will have an excellent opportunity to be fully integrated into the normal classroom setting.  Students at Nottingham are quite used to students, and their assistants, with special needs participating in class activities.  Every effort would be made to include Eyal in the day-to-day physics labs and studies in a manner that would maintain his dignity and encourage pursuit of his goal of becoming a contributing member of the school community.  Through the opportunities found in this high school and course and through the development of technologies proposed by the research, Eyal, and students with similar disabilities, will be allowed to reach their maximum potential.


Team and Individual Activities


A central focus of the Regents Physics course, as taught at Nottingham High School, is an emphasis on teamwork and cooperative learning.  While there is ample time and opportunity for individual work and achievement to be recognized, a student is given an opportunity to learn how to work well with others in the pursuit of complex physics assignments, labs, and projects.  This project-based curriculum allows for the application of physics concepts to real-world problems.


Several students at Nottingham are qualified by interest and background to assist in this project,  and will participate as appropriate.  For instance, one such student has already served as a consultant for creating school district Web pages and providing information and advice on other computer networking issues.


Lab Exercises


A student with disabilities, such as Eyal’s, may be expected to participate in a variety of Regents Physics labs with some modifications to the labs to accommodate the student’s needs.  The following is a selected list of labs that Eyal might be expected to do.


Velocity


	Students measure the velocity of a variety of objects including toy cars and rockets.  Students will use computerized timing systems (photogates and timing software) to accurately measure different velocities.  The equipment can be modified to accommodate devices that allow a student with disabilities to be an active participant in the lab.


Acceleration


	Students measure the change in velocity of a variety of objects as in the velocity lab.  Students will use computerized timing systems (photogates and timing software) to accurately measure acceleration and to do extensive graphing exercises coordinated with their calculus classes.  As in the velocity lab, the equipment can be modified to accommodate devices that allow a student with disabilities to be an active participant in the lab


Forces


The force lab allows a student to use a computerized force gauge to measure the forces created by a number of devices, some of which are radio controlled and/or controlled by a computer.


Friction


Students will measure frictional forces of a variety of surfaces using traditional tools.  They will then measure the static and rolling frictional forces of a wheelchair on a ramp.


Inclined Forces


	As in the force lab, a student will measure forces using a computerized force gauge.  However, the application in this lab is a variable angle wheelchair ramp.  Students will measure the force needed to move a wheelchair and patient up a ramp as the ramp angle and surface friction) changes.  The data collected via the computer will be analyzed using various graphing programs.


Current Electricity


	In addition to traditional hands-on electricity experiments, students collect and analyze data via computer monitors.  The data is then used to create control systems and monitors for other projects.





Many other labs which are done during the course of the year will be made accessible to the student.  Other Regents Physics labs developed during the course of this study will be shared via the Internet and physics teachers’ publications.


New Writeup


Introduction


Equipment will be designed and built so that a physically challenged individual or group will be able to perform many labs under with minimal intervention by the instructor or other aides. Current development and potential for this strategy is discussed under each suggested lab. The goal is to enable physically challenged students to become as independently productive as possible and to enhance their ability to work in teams as fully contributing team members.


Velocity and Acceleration


A physically challenged student will be able to use an existing air track that has been altered so that the physically challenged student can reset the system and try out other variables. A simple tilt mechanism made from LEGO Dacta (http://www.lego.com/learn/about/scitech.html) parts, motors, and software will be used. An electromagnetic catch controlled by the computer will allow the student to catch and release the cart. Angular control of the cart track will be done using Dacta rotational sensors. Measurements can be repeated and recorded using appropriate software and photogates. We will evaluate the ICObotics software for controlling Dacta robots (http://www.micro.caltech.edu/icobotics/) using a pictorial interface and LEGO Dacta Control Lab serial interface unit. Note that a Dacta robot already exists in Dr. Stacey’s lab/classroom at Nottingham High School. Besides using the LEGO Dacta and LEGO Technic (http://www.pause.com/toys/lego/technic.htm) parts for building apparatus and robots, we expect to use these versatile construction elements for expressional interface devices for Eyal himself. In this work we will enlist not only our own university students, but also high school students (including Eyal) interested in designing and testing such interfaces for special projects. {See http://www.media.mit.edu/ for other ideas; also � HYPERLINK http://mas.www.media.mit.edu/mas/PCSection.html ��Error! Bookmark not defined.� on Perceptual Computing. — also “wearable computers” http://wearables.www.media.mit.edu/projects/wearables/workshop/index.html ; http://www.neurosystems.com/mobile/wearable_links.html  incl. “iGlasses” http://www.cs.uoregon.edu/~kortuem/htbin/download.cgi?/cs/www/home/research/wearables/Papers/AdvUIpaper.html ; http://www.cs.uoregon.edu/research/wearables/Hotlist/index.html ; http://lcs.www.media.mit.edu/projects/wearables/ }


Forces


Using digital force gauges, software, digital lab balances, and other devices, a lab system will be created whereby an individual will be able to detect and measure forces for a range of situations, including a classic force table lab, and to reset the equipment and software.


Friction


Using the lab systems from the previously discussed labs, the student will be able to measure and analyze frictional forces for a variety of surface combinations with minimal assistance.


Inclined Forces


A physically challenged student will be able to use the materials and equipment mentioned above to measure and analyze inclined forces. The student will then participate fully in a group project measuring the forces found in a variable-angle wheelchair ramp.


Current Electricity Lab


An electricity lab will be created where a physically challenged student will be able to manipulate, control, measure, and analyze different electric current situations.


Pendulum Lab


A pendulum lab will be created whereby a physically challenged student will be able to determine what influences the period of a pendulum and to determine the value of the gravitational acceleration g by the pendulum methods. The system will use electromagnetic devices to start and stop the pendulum and alter the length of the pendulum and the mass of the pendulum bob. Appropriate software and photogates will assist the student in recording and analyzing the data. The student will then use this experience to work on a group project to develop a simple timing device with which to measure various passages of music.


Summary


Each of these labs, while originally intended to assist a physically challenged student, will also benefit other students. Other students will be able to interact more productively with severely physically challenged students, to extend their knowledge of physics by using the lab systems, and to participate continuously in the development of some of the equipment. Students often learn better by developing the equipment they will use, rather than using prepackaged lab activities. A small set of labs will be reserved for “student development.” The general parameters, possible solutions, and potential problems will be explored by the developers before students do the lab as a developmental project. This prior work will be used to coach students, not to dictate the design or solution to their project. For instance, one major student project might be to develop the LEGO controls and system for the velocity lab mentioned earlier. This project could be repeated each year.





School Outreach and Interaction Programs


For most of the past decade, the Syracuse University Physics Department has hosted programs for local high school physics teachers to share ideas and resources. We have a loaner program for equipment. In addition to this general program, coordinated by Prof. Allen Miller, we also have an astronomy program funded by an extension to NASA (and NSF?) grant(s). This special program is run by Prof. Gianfranco Vidali (as an extension to his NASA grant on ____) and Prof. Peter Saulson (who works on the NSF-funded LIGO project). Several times a year the teachers come to the department conference room on Saturdays for lectures and demos by teachers and department faculty. In addition, teachers are invited to special sessions held after our evening Frontiers of Physics lectures held several times per semester. For the past couple of years, two retired Central New York high-school teachers, John Fitzgibbons and Joseph Drenchko, have been teaching on a part-time basis in the Physics Department. Both of them have been active for many years in the international physics education community and continue to attend conferences in the field. They have been involved in NSF funded educational projects. They assist us in general with or outreach and other educational activities, and will be valuable consultants on the proposed project, to which they have already provided significant input.  

















� Interventional Informatics: to introduce an information system (i.e., an informatic) into a human system such that the human may either enhance existing performance or perform actions otherwise impossible. Providing a disabled person an interface device which allows them to operate a computer is an interventional informatic. Prior to the intervention, the person had no control of an external system like a computer. The intervention heals a broken connection between the willful expressional capacities of a mind and a powerful tool for externalizing the contents of that mind.  


� By “modular” we mean to say any system component which can be removed and/or replaced with a zero degradation of the overall systemic integrity when altered.  In this way, functional components can always me modified and reintegrated without redesigninof the whole system.  Grok Box is the total system from which all of our individual and differing interface modules derived.  


� The development of these applets was partially funded by an NSF Course Curriculum and Development Grant.  Java interactive tutorials.
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