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A Note from the Editor 

 

Dear SIGACCESS member: 

Welcome to the June issue of the SIGACCESS 
Newsletter. This issue contains three articles. The first 

paper by Anna Cavender and Richard Ladner gives 
a comprehensive review of the 2010 International 

Symposium on Technology and Deaf Education. The 
second paper by Matt Huenerfauth describes the 
educational outreach activity of a NSF supported 

project that provides research opportunities for deaf 
and hard-of-hearing high school and undergraduate 
students. The third paper by Yao-Jen Chang presents 

a system that aims at assisting individuals with 
cognitive disabilities who deviate from their normal 

routes. 

 

Jinjuan Heidi Feng 

Newsletter editor 
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Who we are 
 

SIGACCESS is a special interest group of 
ACM. The SIGACCESS Newsletter is a regular 
online publication of SIGACCESS. We 
encourage a wide variety of contributions, 
such as: letters to the editor, technical 
papers, short reports, reviews of papers of 
products, abstracts, book reviews, 
conference reports and/or announcements, 
interesting web page URLs, local activity 
reports, etc. Actually, we solicit almost 
anything of interest to our readers. 

Material may be reproduced from the 
Newsletter for non-commercial use with 
credit to the author and SIGACCESS. 
Deadlines will be announced through 
relevant mailing lists one month before 
publication dates. 

We encourage submissions as word-
processor files, text files, or e-mail. Postscript 
or PDF files may be used if layout is 
important. Ask the editor if in doubt. 

Finally, you may publish your work here 
before submitting it elsewhere. We are a 
very informal forum for sharing ideas with 
others who have common interests. 

Anyone interested in editing a special issue 
on an appropriate topic should contact the 
editor.
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NTID International Symposium on Technology and Deaf 
Education – A Review 

Anna Cavender and Richard E. Ladner 
University of Washington 

Seattle, WA 98195 
{cavender, ladner}@cs.washington.edu 

 

The International Symposium on Technology and Deaf Education at the National Technical 
Institute for the Deaf (NTID) at Rochester Institute of Technology is a bi-yearly (occurring 
once every two years) conference that attracts professionals, educators, technologists, 
and researchers who are interested in, developing for, and affected by technology for the 
education of deaf and hard of hearing students.   This mixture of professionals leads to 
many interesting discussions, presentations, and exhibits with the purpose of dissemination 
of full research projects and best practices.  This year the symposium, June 21-23, 2010, 
accepted 64 papers each with presentations 45 minutes long, 15 minutes of which were 
devoted to question and answer, and discussion.  Presenters were chosen to reflect the 
current issues and solutions in both educational and access technologies.  The symposium 
is also a great venue to share works-in-progress, current trends, and state of the art 
technology shown by 28 posters and 11 commercial exhibits.  Over 300 people attended 
from 17 different countries including presentations by participants from Japan, Thailand, 
Canada, China, Czech Republic, Russia, Philippines, Poland, and Rwanda. 

The symposium is chaired by E. William Clymer, Associate Director of PEN-International and 
Associate Director of the NTID Center on Access Technology. 

Papers, powerpoints, handouts, transcripts, photos, and presentation recordings can be 
found on the symposium webpage: http://www.rit.edu/ntid/vp/techsym/ 

Plenary Addresses  

Plenary addresses were given by Yohei Sasakawa, Chairman of The Nippon Foundation, 
and Mark Leddy, Program Director for Research in Disabilities Education (RDE) at the 
National Science Foundation (NSF). 

Dr. Sasakawa gave a powerful talk that highlighted the work of the Nippon Foundation in 
Vietnam and other parts of the world.  He expressed strong support for bilingual education 
for deaf children and self-determination for deaf people generally.  He stressed that a 
strong educational system is a key to success for the deaf and hard of hearing population 
in the developing world. 

Dr. Leddy reviewed data on deaf and hard of hearing students in higher education 
programs and highlighted various projects supported by NSF that impact the success of 
deaf and hard of hearing students. 
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Paper Presentations and Posters  

The symposium represents many different types of solutions and approaches to the use of 
technology to enhance or improve the education of deaf and hard of hearing individuals.  
We have created the following categories that we believe exemplify the main intentions of 
technology solutions at this year’s symposiums: 
 
•    Information Presentation 
•    Student Engagement 
•    Language Use 
•    Remote/Online Learning 
•    Remote Services 
•    Mobile Phones 
•    Development of Teaching and Learning Resources 
•    Preparing Students for the Workforce 
•    Trends in Deaf Education Internationally 

Information Presentation  

Students who are deaf or hard of hearing require all spoken and auditory information in the 
classroom to be presented to them visually.  This is often accomplished through sign 
language interpreters or real-time captioners.  Also, alternative visual ways of displaying 
information may benefit deaf and hard of hearing students and make key concepts more 
clear.  The following papers addressed technological solutions for enhancing the ways that 
information is presented to deaf and hard of hearing students. 

Deaf and hard of hearing students often have to juggle the many visual sources of 
information in the classroom which may cause information lose.  To minimize this juggling 
act, Raja Kushalnagar created a system that uses laptops and webcams to bring visual 
sources of information together on one screen.  His presentation "Empowering 
Mainstreamed Deaf Students with Multiple Video Perspectives" highlighted this approach 
and showed an added benefit of indexing the recorded videos by audio as well as 
overhead and whiteboard captions.  Recording class lectures appears to be an effective 
way for students to review, catch missed information, and study for exams.  Marsha Young's 
presentation "Experimentation with Classroom Capture" discussed her work assessing the 
use of capture technologies and their impacts on student learning.  The visual juggling act 
experienced by deaf and hard of hearing students makes taking one's own notes an extra 
burden.  Michael Stinson and colleagues have created a notetaking alternative that 
combines a Tablet PC and real-time captions (in this case using C-Print technology) and 
showcased their work in a poster on "Effectiveness of Notetaking and Captioning for Deaf 
or Hard-of-Hearing Students with Tablet PCs."  Students' notetaking may also be enhanced 
with graphics, as presented by Ben Rubin in "Enhancing the Notetaking Support Process: 
Utilizing Graphic Notes and New Technologies." 

Presenting the spoken word as text is of key interest to technologists.  Speech Recognition 
systems are gaining both in popularity and in accuracy, and evaluating them for 
educational uses is important work.  Peter Lalley presented on "Enhancement of 
Educational Access Through Emerging Technologies: Real Time Text Generation and 
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Unified Information Display Methods" where he discussed an evaluation of automatic 
speech recognition and three different methods of presenting text and non-text content in 
close visual proximity: a laptop, a heads up display, and a handheld device.  Also, 
Sharaine MSW Rawlinson Roberts noted that veterans often come back from battle with 
hearing loss and so may also benefit from speech-to-text technology in her presentation 
"CART: Bringing the Spoken Word to Veterans and Others with Hearing Loss." 

One of the many goals of the symposium is keeping up to date on current technology and 
how it can be used to better present information to deaf and hard of hearing students.  
Chas Johnstone presented "Demonstration of the Presentation and Access Technologies in 
Classrooms, Conference Rooms and Labs at NTID" where he showed access technologies 
being used at NTID in smart classrooms, conference rooms, and labs.  Mari Liles presented 
"Creating 21st Century Classrooms, Students, and Teachers" showing innovative uses of 
technology at the Texas School for the Deaf. 

Because spoken and written languages are often second languages for deaf and hard of 
hearing students (signed languages are often first languages that come more naturally to 
deaf learners), written exams may not be an effective measure of actual content 
knowledge.  Chirapa Niwatapant discussed presenting exams in Thai Sign Language for 
deaf and hard of hearing students in Thailand in the presentation "Assessing Computer 
Knowledge Using Video-Based Signer Compared with Examination Text-Based."  Math 
concepts can also be difficult as much of mathematics relies on English or other 
written/spoken languages.  In Nicoletta Adamo-Villani's presentation on "Accessible 
Mathematics for Young Deaf Children" the Mathsigner® 3D ASL animation software 
package was presented which contains sets of activities, with implementation guidelines, 
designed to teach K-4 math concepts, signs, and corresponding English terminology. 

Outside of the classroom, access to appropriate information can be crucial for accurate 
data collection.  Vincent Samar's poster "An Interactive Computerized Sign Language 
Health Survey for Deaf Adults: Interface Design and Functionality" showcased an 
innovative computerized health survey in sign language for The National Center for Deaf 
Health Research (NCDHR).  To ensure that language choice does not hinder the testing for 
ADHD, Ila Parasnis developed a sign-language-based test for ADHD in deaf and hard of 
hearing adults and presented the work in a poster along with an interactive computer 
interface demo in "The First Sign Language-Based Test for Attention Deficit Hyperactivity 
Disorder."  This work is the first sign language-based test for ADHD in deaf and hard-of-
hearing adults and test items can be presented with captions, viewed in ASL, English-based 
sign language with or without voice, or in print. 

Understanding student's visual behavior is important for considering information 
presentation.  Min-Chi Kao's poster on "A Preliminary Study on Eye Movement between 
Expert and Novice in Learning Sign Language" work-in-progress study was to explore the 
relationships between Taiwanese sign language learners' sentence comprehension and 
their eye movement behavior. 

Tsutomu Araki's poster "Utilization of 3D Modeling for Mechanical Drawing Education" 
showcased a 3-dimensional drawing tool for better teaching of mechanical engineering to 
deaf students at Tsukuba University of Technology (NTUT) for the deaf and the blind 
students in Japan. 
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George Slack also had a poster showcasing his "Dynamic Keyboard" that uses tactile 
forces and timing values to determine a user’s mood, urgency, and perhaps stress level.  

Student Engagement  

Engaging students is the ultimate goal in any educational environment.  The following 
papers strive to engage deaf and hard of hearing students using clickers, social networks, 
blogs, vlogs (video blogs), wikis, and RFID technology. 

Clickers have been used in many classrooms as a quick way to engage students and 
assess understanding.  Miriam Santana-Valadez presented "Checking for Students' 
Understanding in the Math Classroom: From Clickers to TI-Navigator," and Angela Lee 
Foreman presented "Use of the iClicker in an NTID Biotechnology Course" to investigate 
student learning with clickers in math and biology courses respectively. 

Social networks are increasingly being used in educational domains and in many cases are 
great for reaching out to students.  Patrick Smith presented practical advice and tips for 
utilizing social networks such as Facebook, NING, Second Life, LinkedIn, and Twitter for 
educational purposes in "Social Networks: An Introduction to Social Networking and Your 
Accessible Web Presence."  James Mallory presented work from NTID in the social network 
Second Life for students to better learn selected hardware computer concepts and 
computer trouble-shooting in "Second Life® as a Learning Tool."  Cathy Clarke also 
presented a demonstration of social networking applications combined with an online 
course management system to encourage user interaction and informal discussion in 
"Using Social Networking Techniques to Enhance Learning for Deaf Students Online."  

Sharon Pajka-West presented studies showing that for Deaf students in English courses at 
Gallaudet University, blogging offered authentic opportunities to practice English and build 
a community of trust and respect among classmates.  Similarly, Rose Marie Toscano 
presented "Beyond Academic Writing: Web 2.0 Social Networking and Self-Publishing 
Technologies in the Writing Classroom" which highlighted a course at NTID specifically for 
self-publishing of blogs, vlogs, and mixed-media texts.  At the K-12 level, Kathy Tarello 
presented "Wikis and Blogs as Schoolwide Tools" showing that students at Rochester School 
for the Deaf are using wikis and blogs with both English text and ASL video for classroom 
discussion and information sharing, staff development, and resource management.  Using 
RFID technologies to create tangible vocabulary experiences for young students, Becky 
Sue Parton presented "LAMBERT Grant: First Year Results of Using RFID Technologies to 
Facilitate Tangible Learning Interactions for Deaf Pre-Schoolers."  

 

Language Use  

Language used in educational settings is often a topic of interest with regard to deaf and 
hard of hearing students.  Many students learn through signed languages, others learn 
using real-time captions, others may learn to lip-read and speak for themselves, while still 
others learn cued speech or other communication methodologies.  The following papers 
highlight the latest technology relating to language preferences of students, 
communication techniques of teachers, and method for teaching deaf and hard of 
hearing students the written language of their region.  Especially for signed languages, the 
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signs used affect understanding and there is great need for better access to signs for 
advanced, scientific terminology. 

Emily Whiteside presented "Signed Multimedia Storybooks: Interactive Vocabulary 
Instruction," which investigated elementary-aged hard of hearing students' vocabulary 
achievement, attitudes, and experiences with signed multimedia storybooks, interactive 
instructional tools that incorporate remixed, animated video, signed interpretation, games, 
and activities.  Eugene Lylak's poster also addressed vocabulary practice but for college 
students, especially for vocabulary with Latin or Greek word roots in "A Web Site for 
Independent Vocabulary Practice."  Giving students (especially those who are deaf and 
hard of hearing) print-only feedback can be limiting and non-motivating.  Kevin T. Williams 
presented work that uses video and multimedia to provide feedback in both ASL and 
English in "Student Assessment: Using CAIT (Communa Advanced Interpreter Training) 
Technology to Provide Visual, Audio and Print Feedback." 

Sometimes students and teachers do not know the signs for specialized science topics.  
Benjaporn Saksiri presented "Sign Language Terminology with Multimedia in Computers 
and Communication Education Context," a multimedia tool for sign language terminology 
in the topic areas of computers and communication.  Ka Yiu Cheng presented "Asian 
SignBank," an online platform supporting sign language teaching and materials, including 
over 3,000 Hong Kong signs. 

Often signs in American Sign Language (as well as other signed languages) are not well-
established for advanced science terminology.  Richard Ladner presented a community-
based, video-enabled, online forum for fostering a natural language growth by the users of 
the language in "ASL-STEM Forum: An Online Video Forum for Discussing ASL for Science, 
Technology, Engineering and Math."  In a similarly effort to encourage collaboration, 
Benjamin Cavaletto presented "In Our Hands: The Future of Translation of Frozen Texts to 
Sign Language" where he showed a prototype website for fostering the creation and 
sharing of translations of frozen texts (texts whose wording will not change, for example, 
famous speeches) between spoken and signed languages. 

Looking at sign language acquisition, Marie Dolezalova presented "Leonardo Project 
Transfer of Innovation, DSigns - Online Training System for British, Czech, Cypriot, Greek, Irish 
Sign Languages in the Workplace (Czech experience)" and showed how both deaf and 
hearing employees can benefit from enhance communication at work.  For those learning 
sign language, fingerspelling (spelling English words with alphabet hand shapes, often 
quite quickly) can be difficult for those new to the language to understand.  Jeffrey 
Cougler presented "American Sign Language Finger Challenge," an interactive software 
prototype that helps people improve fingerspelling reception. 

Artistic and literary expressions are an important aspect of deaf culture and deaf 
experience.  Two presentations, "The Heart of the Hydrogen Jukebox: The Evolution of 
Poetry in American Sign Language" by Miriam Lerner and "Visual Stories of Deafhood" by 
Patti Durr represent efforts to document deaf poetry, artwork, literary works, and films in a 
historical context.  
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Remote/Online Learning  

With the advent of video and multi-media technologies, implications for improving and 
enhancing education for deaf and hard of hearing students abounds.  Remote learning 
can be valuable for deaf and hard of hearing students because they are generally 
geographically distributed in mainstream schools and colleges. Remote learning could be 
either in real-time using video conferencing tools or simply online using asynchronous tools. 

The following presentations and posters explored real-time video conferencing.  In the 
presentation "Bilingual Web Conferencing with Multi-Party Videos," Cindy King reviewed 
current web conferencing options for bilingual meetings in signed and spoken languages.  
The presentation "Going Global, Locally with Cyberlearning: Lessons Learned for Accessible 
Cyberinfrastructure©:Enabled Knowledge Communities from a Decade of Cross-National 
Global Virtual Learning Teams" by Derrick Cogburn highlighted lessons learned in globally 
distributed learning environments in the US and South Africa and suggests that more needs 
to be done in terms of accessibility and universal design.  In addition, the presentation 
"OLPC (One Laptop Per Child)/Sugar Video Chat Enhancements for Deaf Communication 
and Education" by Stephen Jacobs described video conferencing for the XO Computer 
that is suitable for deaf students and educators. The presentation "Integrating Video 
Communications Processes in Online Courses to Enhance the Learning Experience of Deaf 
Students in Online and Distance Learning" by Simon Ting explored how video conferencing 
can enhance on-line learning in remote small-group web-based learning activities.  The 
poster "Remote tutoring: An Action Research Project" by Linda M. Bryant explored how 
using a combination of distance technology software and videophones with deaf students 
in writing classes affects typical tutoring practices.  Eric Pylko of CISCO reviewed the CISCO 
products TelePresence, WebEx, and Unified Communications for students and teachers to 
connect, communicate, and collaborate. 

Even in non-real-time situations remote education for deaf and hard of hearing students 
can be improved with visually oriented materials.  In Aaron Kelstone's presentation on "Use 
of Visual Communication Tools Inside of Distance Learning," he covered the inclusion of 
visual communication tools that can be used to enhance the typical discussion board and 
text-based assignments found in distance learning courses.  Simon Ting showcased the 
development of an online course-building system for creating online course content that is 
augmented with pictures, videos, video communications, and social networking 
capabilities in "IdeaTools: Building Online Courses with Integrated Video Communications 
and Social Networking Capabilities."  Those IdeaTools widgets were also used in an NTID 
Mater of Science in Secondary Education teacher preparation program and highlighted in 
Nora Shannon's presentation on "Structured Online Academic Reading (SOAR): Enhancing 
Reading Comprehension and Learning through Embedded Definitions, Pictures, Videos 
and Questions."  Showing the potential benefits of online learning for deaf students at RIT, 
Gary Long presented "Link Between Online Course Enrollments and Academic 
Achievement (GPA) of Deaf Students in Mainstream Settings" suggesting positive student 
perceptions, academic achievement, and communication ease in online settings.  To help 
students find online learning opportunities, Jane Nunes's poster "On-Line Resources 
Designed to Enhance Access and Support Services for Individuals who are Deaf or Hard of 
Hearing" covered resources and online learning opportunities available through the 
Postsecondary Education Programs Network (PEPNet) for individuals working with 
individuals who are deaf or hard of hearing.  Online learning also has great potential to 
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connect deaf students at an international level.  Becky Sue Parton presented "Foreign Sign 
Language Survey: Connecting Deaf Teens through On-line Learning" in which she discusses 
the results of a survey on Deaf high school students' knowledge and interest in foreign sign 
languages showing that seventy-four percent were interested in learning a second sign 
language and most felt that an on-line community of learners would provide the best 
environment. 

Distant learning may also benefit the indirect stakeholders in deaf education by 
connecting parents, education staff, and the community and informing them of student 
work, best strategies for teaching, and showcasing student capabilities and 
accomplishments.  Shelley Ardis presented these important topics and issues in "Using 
Distance Learning Tools to Connect Students, Parents, and Staff."  

 

Remote Services  

Similar to remote learning, video and multimedia conferencing is creating viable 
opportunities for remote sign language interpretation and remote captioning services.  This 
approach may allow better access to skilled interpreters and captioners, interpreters and 
captioners with specific domain knowledge, and may also add convenience for both 
parties in terms of transportation and scheduling. 

Remote services are exciting for rural areas where interpreters and captioners are more 
difficult to find, as highlighted in a panel discussion on "Remote Interpreting in Rural School 
Districts" led by Barbara Keefe.  Philip A. Hyssong presented some fundamental training 
steps and demonstrated a live comparison of verbatim captions and meaning-for-
meaning text services in "Remote Services -- What to Do and How to Do It!"  Tony Naturale 
talked about the technological details of setting up, maintaining, and assessing the 
technology needed for remote captioning and notetaking for students in mainstream 
educational programs in "Remote Captioning/Notetaking in NYC: Synergetic Use of 
Current Technologies." Video Relay Services (VRS) have been around for many years and 
are now playing a key role in the incorporation of remote services in deaf education.  
David Coco led a panel discussion with representatives from several VRS providers on 
"Video Relay Service (VRS) and Deaf Education: A Panel Discussion" mainly focused on K-12 
programs, but was also applicable to postsecondary programs.  Focusing on real-time 
classroom interactions, Anna Cavender presented "ClassInFocus: An Online Multimedia 
Conferencing Platform for Improved Access to Mainstream Classrooms for Deaf and Hard 
of Hearing Students" demonstrating a online multimedia platform for deaf and hard of 
hearing students to access remote interpreters and captioners, manage visual attention, 
and facilitate interaction in real-time, primarily for in-person mainstream classrooms.  

In order for remote services to exist and to benefit students, much advanced planning and 
scheduling is required.  Steve Nelson presented "myAccess: A Web-Based Data System 
Supporting Access Services at RIT," a data management system for requesting, scheduling 
and communicated with support service providers at the high-need level required for 
nearly 200,000 hours of access services at NTID/RIT.  
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Mobile Phones  

Mobile phones are increasingly able to provide communication needs "in the wild" for deaf 
and hard of hearing students.  Michael Stinson's work on "Supporting Students who are 
Deaf or Hard of Hearing in Mobile Learning Situations with Captioning" was presented and 
demonstrated a new mobile speech-to-text technology and service for communication 
access.  New mobile phones are also able to display and transmit video, which is 
especially exciting for sign language users, and Robert Hancock's poster displayed an 
overview of these technologies in "Overview of 3G Mobile Phone Video Conferencing 
Technologies."  Paul Carlson also reviewed smartphones, webcams/videophones, and 
assistive devices in his poster "Portable Alert/Communications Technology System for the 
Deaf/Hard-of-Hearing," but with the more general goal of informing design considerations 
involved in developing a smartphone specialized for deaf and hard of hearing use. 

Mobile phones also have the exciting possibility of alerting deaf and hard of hearing users 
of emergencies, national alerts, and environmental sounds.  Helena Mitchell presented a 
system for presenting accessible alert messages to deaf and hard of hearing consumers in 
her paper on "Mobile Alerting for Persons Who are Deaf and Hard of Hearing."  Salimah 
LaForce presented a prototype technology for broadcasting local and targeted alerts for 
blind/low vision and deaf/hard of hearing users in "Access to Mobile Emergency Alerting."  
And Jeff Bigham presented a system for user-generated recordings to be sent to 
combined automatic and human-powered services like Mechanical Turk for quick, 
retroactive analysis of feedback of environment sounds in "AudioWiz - Mobile Retroactive 
Audio Transcription and Description for Deaf and Hard of Hearing Individuals."  

 

Development of Teaching and Learning Resources  

Teachers and students alike benefit from the experiences and resources established by 
others.  The following papers highlight several efforts to conglomerate relevant resources 
for teaching and learning especially with deaf and hard of hearing students. 

The presentation "English Splash! a Teaching English Online Resource" by Loriann Macko 
explained a one-stop-shop of downloadable materials, writing tools, educational links, and 
curriculum examples for English teachers who work with deaf or hard of hearing students.  
Donna Lange talked about a national resource center developed at NTID/RIT for 
technological education in "Developing a Resource Center for Advancing Technological 
Education for Deaf and Hard-of-Hearing Students."  Gail Hyde's poster "Planning a Virtual 
Alliance for Deaf and Hard of Hearing STEM Students at the Postsecondary Level" showed 
how deaf and hard of hearing students access cyber-enabled social and support networks 
in science, technology, engineering, and math will inform a new national alliance to help 
bring those networks together. 

Resources for academic teachers at mainstream universities is very important to raise 
awareness about the issues faces by deaf/Deaf students and students with disabilities.  The 
presentation "Multimedia Training courses vs. Social Discrimination: A Key Issue in a Process 
of Raising deaf/Deaf Awareness Among Academic Teachers" by Dagmara Nowak-
Adamczyk focused on the experiences of Jagiellonian University in developing multimedia 
training courses for teachers to better accommodate these students. 
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There are several open source and alternative resources for organizing content and course 
management systems.  For example, Jonathan J Millis shared his experiences with Drupal in 
his presentation on "Drupal: Making Websites Easy to Manage" and Allen Ford shared a 
teacher's experience using the open source course management system Moodle in his 
presentation on "Open Source, Open Minds." 

When designing for or supporting students who are deaf and hard of hearing, it is 
important to understand their demographics and statistical characteristics.  Gerard G 
Walter led a presentation to show audience members how to use the National Center for 
Education Statistics Data Analysis System to find national characteristics of postsecondary 
students, including those who are deaf or hard of hearing in "Using the NCES Data Analysis 
System (DAS) to Answer Questions Posed by Constituents."  

 

Preparing Students for the Workforce  

Technology can also benefit students as they prepare for the workforce, for example 
technology can help students prepare personal digital portfolios of relevant work and 
practice the interview process. Mary Beth Parker presented "e-Portfolio for Work Force 
Readiness" a capstone project for deaf and hard of hearing students to create digital 
portfolios to compete on the job market and demonstrate skills to potential employers.  
Regina Kiperman-Kiselgof's poster "Web-based Interactive Video Application as a Strategy 
for Employment of Deaf Professionals" showed a web-based interactive video application 
for deaf and hard of hearing students to practice interviewing for cooperative work 
experiences.   

Trends in Deaf Education Internationally  

One of the goals of the symposium is exploring the diversity of educational techniques and 
methodologies that have been implemented in other countries and learning from the 
many successes and improvements that have been made over the years. As you will see 
from the following papers and posters, deaf education is truly an international endeavor. 

James Woodward presented "The Dong Nai Project: A Case Study in High Quality, Low 
Cost, Low Tech Deaf-Centered Bilingual Education" and described an initiative in Viet Nam 
to improve higher educational opportunities for deaf and hard of hearing students with 
very positive results in access to courses taught in Ho Chi Minh City Sign Language and 
written Vietnamese.  Technology such as speech-to-text captioning, computerized visual 
displays, video remote interpreting, signed video-recorded lectures, and assistive listening 
devices has also been used in classrooms in Korea as explained by Hyun-Bea Yoo in the 
presentation "Using Technology to Support Learning for the College Student with Hearing 
Loss: From Services to Support the Sign Language Users to Services to Support the Oral 
Communicator."  Mayumi MS Shirasawa also talked about the access technologies being 
used in Japanese postsecondary educational institutes in "Access Technologies in Japan: 
PEPNet-Japan Training Workshop for Access Technologies."  

Experiences from many deaf education schools or schools with deaf programs were 
displayed as posters.  Tianjin University of Technology (TUT) is a large university for 
engineering, science, liberal arts, and managements in Tianjin, China and their recent 
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history of educating deaf students was showcased in a poster "Highlighting Our Own 
Characteristics to Develop High-Quality Higher Education for the Deaf" by Guodong Bao.  
The poster "The Exhibition on the Achievements of Higher Deaf Education of Changchun 
University" by Xingzhi Sun showed the latest results of the first nationwide higher special 
education college in China.  Rebecca Isaac shared experiences as a headmistress in a 
rural school in India in her poster "Teaching Deaf Students in India."  Valentina Parubina's 
poster "Educational and Information Technologies in Vocational Training for Auditory 
Handicapped Students at the Academy of Management" explained vocational training in 
Russia.  A poster by Radka Faltinova illustrated educational technologies used at Masaryk 
University in Brno, Czech Republic in "All-in-One - Structure of Services for Hearing-Impaired 
University Students."  Chenguang Fu's poster "The Status of PEN-International in Beijing" 
explained improvements and enhancements from becoming a member of PEN-
International. 

Xinmin Yang's poster "A Brief Introduction to Chongqing Normal University" in China, the 
poster "Introduction to Zhongzhou University's College of Special Education" in China, 
Theresa De la Torre's poster "Classroom at the School of Deaf Education and Applied 
Studies, De La Salle-College of Saint Benilde" in the Phillipines, Nikolay N. V. Pustovoy's 
presentation on "Current Trends of the Professional Education of the Persons with Disabilities 
in Russia," the poster "Overview of the Chelyabinsk State University Program for Deaf 
Students" in Russia, and Marie Dolezalova's poster on "Presenting Charles University, Faculty 
of Arts, Language Resource Centre Outputs" represent a large range of international 
interest in deaf education.  
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Introduction 
The Linguistic and Assistive Technologies Laboratory (the "LATLab") at Queens College of 
The City University of New York conducts research on computational linguistics and human 
computer interaction – with a focus on assistive technology and accessibility applications 
for people with disabilities.  We are currently conducting a five-year study supported by a 
National Science Foundation CAREER Award (NSF Award #0746556).  The goals of this 
research are to significantly improve the state of the art of animations of American Sign 
Language (ASL), which have important accessibility applications for people who are deaf.  
(Details of the scientific aims of this project are included below.) 

This article describes the educational outreach component of this project – the 
participation of deaf high school students and undergraduate students in summer research 
experiences.  Our goal in writing this article is to describe how the educational component 
of our project integrates with the scientific goals and to explain some of the details behind 
the summer research experiences we have organized.  We hope that other SIGACCESS 
members who are interested in incorporating educational outreach efforts into their 
research may find this information useful when designing and proposing their own projects. 

There are several deaf students and researchers involved in our project.  Each summer, two 
or three students from local deaf high schools or mainstream programs in the greater New 
York City area participate in three-month research experiences at the LATLab.  In addition, 
we have also hosted a deaf undergraduate student (visiting from Gallaudet University) for 
a summer research experience, and a graduate-level deaf research assistant coordinates 
projects at the lab on an ongoing basis part-time throughout the academic year. 

We believe that the involvement of deaf ASL-signers in the research will help to train future 
researchers who have a community and cultural connection to the outcome of the work.  
Further, only users of ASL who have native level fluency are able to accomplish some of the 
aspects of the research: analyzing recordings of sign language we collect and conducting 
experimental sessions in which native ASL signers from the local community come to the 
lab to evaluate the ASL animations we produce.  

Our objective is to attract deaf students to careers in computer science by enabling deaf 
high school and undergraduate students to experience the research process.  Students 
with disabilities pursue science careers at a lower than average rate (CEOSE, 2004), and 
our goal is to encourage the interest of these students in pursuing higher education and 
careers in the sciences, at a time when they may be making decisions about their future 



 

PAGE 15                                SIGACCESS NEWSLETTER, ISSUE 97, JUNE 2010 

education.  While these students have minimal programming or linguistics background, 
their ASL fluency can allow them to make meaningful contributions to the project.  We 
want them to become aware of applications of computer science with direct relevance 
to the deaf community – generating animations of American Sign Language to make 
information sources more accessible to deaf individuals who may have low literacy in 
written English (see below).  

Scientific Objectives of the Research Activities at the LATLab 
For one-half million deaf people in the U.S., American Sign Language (ASL) is a primary 
means of communication (Mitchell, 2006).  ASL and English have a distinct word-order and 
vocabulary; it is possible to be fluent in one language but not the other.  In fact, the 
majority of deaf high school graduates in the U.S. have a fourth-grade (age 10) English 
reading level or below (Traxler, 2000).  Because of this, many deaf people find it difficult to 
read the English text on computer applications or websites.  Software to translate English 
text into an animation of a virtual human character performing ASL will make more 
information and services accessible to deaf Americans.   

Unfortunately, there are limitations in the state of the art of modern ASL animation 
technology.  The goal of our research on ASL is to study how human ASL signers perform 
various linguistic phenomena, to build models of their performance, and to use these 
models to synthesize high quality animations of ASL.  We have followed this research 
paradigm to study the use of speed and pauses in ASL (Huenerfauth, 2009a), the use of the 
space around a signer’s body to represent entities under discussion (Huenerfauth, 2009b), 
and the way in which signers perform complex movements of ASL verb signs (Huenerfauth 
and Lu, 2010a).   

The research objectives of our five-year project are to create the first annotated collection 
of ASL movement data collected from native signers (using video cameras, a motion-
capture suit, motion-capture gloves, and other equipment), to annotate this corpus with a 
timeline of information about the signs and linguistic phenomena performed, to use 
machine learning approaches to analyze patterns in this data, and to incorporate the 
resulting models of ASL signing into our animation software.  To evaluate our progress, we 
conduct ongoing experimental studies in which native ASL signers evaluate the 3D 
animations of ASL that result from our models.  Details about our current research can be 
found in the following publications (Huenerfauth and Lu, 2010b; Lu and Huenerfauth, 2010).  

Other research projects that have collected sign language video recordings have involved 
the participation of native ASL-signers as research assistants or linguistic annotators (i.e., the 
researchers who watch the videos and annotate a timeline of the performance), e.g., 
(Bungeroth, 2006; Crassborn, 2006; Efthimiou and Fotinea, 2007; Neidle et al., 2000).  Our 
project is unique in that we have chosen to recruit local deaf high school students 
(between their junior and senior year) to serve as our expert annotators.   

Research Personnel Studying ASL Animation at the LATLab 
The deaf high school and undergraduate students who participate in our project do so 
during the summer months – when the laboratory conducts recordings of sign language 
and linguistic analysis of these data.  During the rest of the academic year, there are three 
members of the research team who continue the work: the project director, a research 
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assistant, and a CUNY PhD student. 

As the project director, it is important that I am able to communicate effectively in ASL with 
the students who participate in our project. I’ve taken coursework in American Sign 
Language, including two summer language programs at Gallaudet University and courses 
in an ASL interpreter program in Philadelphia.  I’ve developed conversational ASL skills and 
experience interacting with deaf researchers, experimental participants, and students.  

In addition, we are fortunate to have a member of the research team at the LATLab who is 
a native ASL signer and a member of the Deaf community.  He has experience working as 
a secondary school science teacher for deaf students and has completed graduate 
coursework in cognitive science at another university.  In addition, he works as a 
professional deaf ASL interpreter.  The research assistant and I oversee and advise the 
research experiences of the undergraduate and high school students during the summer.  
In addition, the research assistant coordinates the advertisement and selection of students 
for the summer research experiences – making contact with local deaf high schools and 
mainstream educational programs with deaf students. 

The final permanent member of our research team is a CUNY PhD student in Computer 
Science who is studying the synthesis of animations of American Sign Language.  Prior to 
beginning her research at CUNY, she volunteered at a school for the deaf in China and 
gained some proficiency with Chinese Sign Language.  While she is learning some ASL, 
during the summer, she primarily communicates with the visiting high school and 
undergraduate students through notes, instant messages, e-mails, and other means. 

Summer Research Program for Deaf Students at the LATLab 
This section will describe related research projects and education outreach efforts with a 
goal of promoting Science, Technology, Engineering, and Mathematics (STEM) education 
and careers for deaf students.  Afterward, the specific summer research program at the 
LATLab (in which high school students and undergraduate students participate) will be 
described. 

Relevant Research in Increasing Participation of Deaf Students in STEM 
Several programs have focused on deaf student involvement in STEM.  Gallaudet University 
has hosted a summer program for deaf high school students, who participate in 
programming and math classes, visits to government agencies, and other activities 
(Gallaudet Research Institute, 2007).  A two-day workshop at University of Southern Maine 
for deaf high school students was led by computer science professors and included a trip 
to a laboratory and presentations from admissions and disabilities support services 
(AccessComputing, 2007). The National Technical Institute for the Deaf at Rochester 
Institute of Technology offers a summer program for high school sophomores and juniors 
called “Explore Your Future,” which exposes students to hands-on activities that relate to 
different career choices – however, the program does not specifically focus on research 
experiences in the sciences (NTID, 2010).   

The AccessComputing program at the University of Washington has hosted the “Summer 
Academy for Advancing Deaf & Hard of Hearing in Computing,” in which students take 
computer classes, meet deaf and hard-of-hearing computing professionals, and visit 
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computing locations (Summer Academy, 2010).  In addition, the AccessComputing and 
the DO-IT programs at the University of Washington offer a variety of resources to support 
students with disabilities in higher education and computing careers (DO-IT, 2010). 

These projects expose students to higher education and computing but have not primarily 
focused on providing students an opportunity to participate in an ongoing research 
project.  Other projects have created research opportunities for deaf students; for 
example, the summer Research Experiences for Undergraduates program in Chemistry at 
James Madison University (JMU) has included deaf undergraduates and high school 
science teachers (Seal et al., 2002) – although not high school students.   

In our project, deaf students have research experiences in computer science – at a time 
when many of them are deciding what direction to pursue in higher education (just before 
their senior year of high school).  A novel feature of our project is that the topic itself has 
relevance to deaf students and that there are students at different stages in their 
academic careers working on the project.  

Summer Research Experiences for High School Students at the LATLab 
The deaf research assistant at the LATLab works during the spring semester to advertise the 
summer opportunities for deaf high school students.  Applicants must be high school 
students in their sophomore or junior year who are able to commute daily to the laboratory 
during the summer.  The opportunities are advertised on deaf organization websites, NYC-
area deaf mailing lists, and through deaf educational professional organizations.  For the 
summer of 2009, two high school juniors (entering senior year) and one high school 
sophomore were selected to participate in the project.  The summer research includes 
several activities: 

• Watching video-taped recordings of American Sign Language (with corresponding 
data collected using motion-capture gloves and suits).  The students mark locations in 
the videos when specific ASL signs are being performed or when particular ASL linguistic 
events occur.  This task is essential to our research project, and while it requires expertise 
in ASL, it does not require programming skills.  (Thus it is a good way for deaf high school 
students to make a valuable contribution to the project and learn about research.) 

• Using 3D animation software to script the movement of some ASL signs.  These signs 
then become part of the dictionary of signs that are used in the computer animation 
software for our research project.  The students also use software at the lab to produce 
animations that use the signs they have created during the summer.  These animations 
are posted on the laboratory website so that the students can share them with friends 
and family. 

• Interacting with deaf research subjects who come to the laboratory during on-going 
experiments in which ASL signers evaluate the quality of computer animations.  Since it 
is important to create an ASL-immersive environment during these experimental studies, 
the students’ ASL signing skills help to create an ASL-conversational environment.  The 
high school students also learn about the experimental process, research study design, 
data collection, and other typical activities of a research laboratory.  In addition, they 
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can observe the use of several forms of motion-capture equipment (cybergloves, body 
suits with sensors, eye-gaze trackers, etc.) in the laboratory that digitize sign language 
performances.  These tools are often used in the movie and video game industries, and 
the students may not be aware of the research applications of these tools for sign 
language. 

• Taking a campus tour and meeting faculty members and administrative staff members 
of Queens College.  The goal of these activities is to encourage the students to begin 
thinking about their future plans and attending college. 

• Producing video blog entries and ASL animations.  The students used a video camera to 
record a “tour” of the laboratory (in ASL, with English transcript typed after-the-fact).  
They walked around the lab and explained the research that was being performed.  
The goal of this activity was to encourage the students to ask questions prior to filming 
about all the aspects of the laboratory’s research – so that they would be able to give 
this “virtual tour.”  These videos (and the ASL animations students produced, discussed 
above) were posted on the laboratory website – this was a visual way for them to 
demonstrate their accomplishments and contribution to the project for their family and 
peers.  The goal of posting these videos was also that the students would show these 
videos to their classmates at their high schools after the summer was finished – as a way 
of creating additional interest and excitement about the research project.  In this way, 
we hoped to have an impact on students who were not directly participating in the 
summer research experiences.  Videos are available here: 
http://latlab.cs.qc.cuny.edu/news.html 

To make our summer research experience effective, the students are regarded as full 
members of the research team, are given project responsibility, are able to see what they 
have accomplished by the end of the project, and are able to fully access the 
communication in the laboratory.  During the summer, the primary means of 
communication in the laboratory was ASL – thus it was important that the project director 
had conversational ASL skills and that a deaf native ASL signer was part of the research 
team. 

Tiered-Mentoring: Research Experience for Undergraduate Student 
Recent research has focused on the use of tiered-mentoring – using role models that are 
“one step ahead” of the mentored student for encouraging the participation of students 
with disabilities in STEM (NSF Award #9800201, Duke U.).   For this reason, we were interested 
in providing the high school students on our project with an undergraduate student role 
model with whom they could interact during the summer.  Thanks to a Research 
Experiences for Undergraduates (REU) supplement to our project provided by the National 
Science Foundation, we were able to host a visiting undergraduate researcher from 
Gallaudet University during the summer of 2009.  The student chosen for this research 
position was a junior at Gallaudet with a very strong G.P.A. who was majoring in 
psychology and who had experience working in a laboratory setting on a 
linguistics/literacy related research project at her home institution.  The undergraduate 
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student served as a link between the high school students and the graduate-level research 
assistant working on the project.   

The undergraduate student arrived 2 weeks before the high school students, and she 
helped plan how to train and guide the high school students.  During those 2 weeks, she 
learned about the project, met the PhD students and research assistants at the LATLab, 
met faculty members in the Computer Science department, learned about the equipment 
and software at the lab, and helped to plan the training and activities for the arrival of the 
high school students later in the summer.  When the high school students arrived, the 
undergraduate took a leading role in training and mentoring them.  In addition to giving 
the students formal direction in day-to-day activities in the lab, she also informally shared 
her experiences about being a deaf undergraduate in the sciences.   

During any linguistic data annotation project (in which experts in a language watch a 
recording of a sentence and mark when specific signs or events occur in the video), it is 
common for more than one person to view each video to annotate the performance.  
There can often be disagreements in the way in which the two annotators have labeled 
information in the videos, and it is then necessary for a third party to organize an 
“arbitration meeting” in which the annotators sit down to discuss the right way of encoding 
the data.  During this meeting, the three individuals discuss the best way to mark the data 
and then vote on a final encoding.  During the summer, the undergraduate student took a 
leadership role in organizing these meetings each week. 

Our goal was for the undergraduate student’s experience to give her confidence in her 
leadership abilities in a research setting, knowledge of the workings of a research 
laboratory, practical experience in computational linguistic and motion-capture research 
in computer science, and insight into the process of applying for and succeeding in 
graduate study. 

Evaluation of Our Project at the End of the First Summer 
As part of our on-going evaluation of the research experiences of the high school and 
undergraduate students who participate in the project, we conducted an end-of-
participation survey.  The three high school students and one undergraduate student who 
have participated on the project in the summer of 2009 completed a survey based on the 
SURE II (Lopatto, 2004), a standard metric used to evaluate undergraduate research 
experiences in the sciences.  In addition, the questionnaire asked about their views of 
computer science careers, future academic plans, and future choice of major for college.  
Results for these students are shown below.  In future years of the project, additional 
participants will continue to complete these surveys.   

On a question that asked students to rate their “overall satisfaction with their research 
experience,” three respondents selected “very satisfied” and one selected “neither 
satisfied nor dissatisfied.”   

Another section of the survey asks students to evaluate how much they have learned 
during their experience: “Tell us what you have learned as a result of your research 
experience. Please rate the extent to which you feel you learned each of the following 
items as a result of conducting your research project.  For each item, use the following 
scale: 1 = did not learn anything at all, 2 = learned a little, 3 = learned to a moderate 
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degree, 4 = learned quite a bit, 5 = learned a substantial amount.”  The students’ responses 
are shown in Table 1. 

 

Question Average Score 
Understanding of the research process:  5.00 
Understanding how scientists think:  3.75 
Understanding primary literature:  4.25 
How to work effectively with others:  4.50 
Laboratory techniques:  5.00 
How to work independently:  4.75 
Tolerance for obstacles:  4.33 
The importance of ethical conduct:  4.75 
Ability to analyze data:  4.75 
Skill in the interpretation of results:  5.00 
Skill in giving a presentation:  3.67 
Skill in science writing:  4.75 
Self-confidence:  4.75 
Readiness for more demanding research:  4.00 
Clarification of a career path:  4.50 

Table 1: Results of Survey of High School and Undergraduate Students, Summer 2009 

 

Of course, the results above are for a very small sample size – the few students who have 
participated in the project thus far.  It would be inappropriate to draw generalized 
conclusions from these results.  They are presented here merely to show the current 
progress of our project.  

Students could also write responses to the prompt: “Please list anything else you feel you’ve 
learned or gained in this area.”  Their responses included: 

• “I am a native ASL user and I feel I learned a lot about my own language that I did not 
know before this project.  The linguistics part of ASL is so complicated but very 
interesting.” 

• “How to contribute to help make stuff accessible to deaf and [hard-of-hearing] 
people.” 

• “Take responsibility. Able to complete task. Able to listen well and analyze mistakes.” 

In free-form comments sections at the end of the survey, some students indicated that 
future students would benefit from even more explanation of the larger goals of the 
research project or further technical explanations of motion-capture.  They also indicated 
that they would have found it interesting to get to try on the motion-capture equipment 
themselves and go through the calibration and data-collection process from the 
perspective of a research participant.  Several students expressed positive attitudes at 
knowing that there were computer science laboratories that were specifically studying 
issues related to the deaf community. 
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In addition to conducting this survey, we also maintain e-mail contact with students for 
three years after the project is completed to inquire about their plans after graduation and 
whether they are still pursuing careers in computer science.  Both of the high school juniors 
who participated in the project last summer intend to enroll in college in the fall of 2010.  
The high school sophomore is continuing his high school studies. 

Future Work 
We have already recruited students to participate in summer research experiences at our 
lab during the summer of 2010, and we plan on continuing to do so during the five-year 
ASL animation research project.  Based on the feedback and experiences of the students 
in summer 2009, we have made some modifications to our summer plans.  For instance, we 
have recruited an undergraduate student majoring in linguistics for the summer of 2010; 
having additional expertise in linguistics should allow the undergraduate student to provide 
even more feedback and advice to the high school students during their research.  Also, 
we plan on allowing the students to interact further with the motion-capture equipment at 
the laboratory; the students from summer 2009 mentioned that they would have liked to 
have even more hands-on experience with the motion-capture body suit and gloves used 
in our research. 

Conclusions 
Several aspects of our project have facilitated our summer research experiences: 

• We have several ASL signing members of the research team. 

• We are conducting a research project focusing on ASL in which students’ ASL signing 
skills allow them to make a valuable, expert contribution to the project. 

• The research tasks that the students are required to perform during the summer can be 
taught in a few days, and they require no special programming skills. 

• We are based in New York City and are surrounded by large deaf community and 
several deaf high schools and mainstream educational programs.  

• ASL animation technology is fun to discuss with a non-technical audience, is visually-
appealing, and resonates with an interest many students may already have in video 
games.  Thus, it can serve as an excellent “hook” to catch students’ interest and 
encourage them in careers in computing. 

While these aspects of our project have facilitated our work, we believe that summer 
research experiences for deaf students can be conducted successfully in other settings 
without all of these properties.  For example, the University of Washington’s Summer 
Academy program has hosted visiting high school students from across the U.S. to stay at 
the university for the summer (Summer Academy, 2010).  The program at JMU (Seal et al., 
2002) was based on chemistry topics (not specifically related to ASL or deafness).  The key 
elements that we feel are the most important are that the students feel they are making a 
real contribution to the project and that they feel that they have full access to the 
communication environment of the laboratory. Thus, it is important to identify research 
activities that are appropriate to the skill level and experience of visiting high school 
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students and to ensure that the communication environment is highly accessible (with ASL 
signing or other appropriate form of communication).   

We also believe that some of the energy and excitement of the high school students in our 
project came from their realization that their work was essential to the success of the 
project; their native-level expertise in ASL allowed them to linguistically annotate the videos 
and motion data we collected.  During the summer, the students realized that without their 
contribution to the project, it could not move forward.  While it is not always possible for the 
educational outreach components of a research project to directly support the scientific 
aims of the research in this way, we believe that when they do, then the resulting 
experience for participating students is more exciting.  As we continue to monitor the 
progress of the participating students in our project, we hope to see that this experience 
makes an impact on their future educational and career trajectories. 
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Introduction 
Persons with mental impairments tend to be viewed as unemployable and systematically 
excluded from labor markets. However, this assumption has been challenged recently 
after the development of community rehabilitation, and supported employment services in 
particular. With sufficient and appropriate support on the job, many people with mental 
illness are capable of participating in the world of work to various levels, which not only 
provides them with financial support but also opportunity for social integration. Social 
integration includes community-based living, recreation and leisure pursuits, use of 
community services, and independent movement in and around the community through 
the use of public transportation. Coupled with this increased independence and 
integration is risk. 

With repeated training continued with daily practice, the individuals usually have no 
problems of getting lost or disoriented. However, there are occasions that individuals do 
forget how to travel to and from work. For example, part-timers with fewer shifts have more 
chances of running into transportation problems because they forget the routes. For places 
with many distractions, few landmarks that can help remain oriented, or surroundings that 
look similar, the situations can become worse. To decrease the risk for victimization of 
individuals with disabilities as they increasingly participate in their communities and seek 
social inclusion, mobile technology is used with a focus on increased autonomous 
functioning. 

Because individuals with disabilities are frequently dependent on others for support across 
environments, strategies and skills must be introduced that directly lead to access of those 
supports. Care providers are at the center of the support they have. Unfortunately, their 
care providers are often overloaded by too much work that results from pre-service 
training, coaching, escorting them to workplaces, and so on. To relieve their care providers 
from labor-intensive aids with traveling back and forth from work, we propose a PDA that is 
carried by the individual who has cognitive impairments. The PDA enables individuals to 
respond to unexpected situations such as being lost by effectively using the handheld 
device to alert themselves or call for assistance from the support system. In this article, we 
build a real-time anomaly detection system and conduct field experiments in community-
based settings for individuals with cognitive impairments.  

Deviation detection considers trajectories as input and tries to identify anomaly in following 
normal routes such as taking public transportation from the workplace  to home or vice 
versa. Trajectory clustering is one of the methods of identifying normal routes from 
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abnormal ones [9, 11]. However, trajectory clustering is performed only when trajectories of 
trips are completed. This makes the clustering algorithms less useful in identifying anomaly 
and discovering route deviation in the real time. 

Predicting personal destinations is the main principle behind most previous work in 
pervasive computing on modeling and predicting transportation routines. Many studies in 
this area share the trait that candidate destinations are extracted from GPS histories, i.e. 
places that subjects have actually visited [2, 8, 10]. In contrast, our work in anomaly 
detection is more focused on extracting anomaly at times users are trying to follow 
transportation routines, not necessarily inferring personal destinations.  

 

Prototype 
In the established work of Anagnostopoulos et al. [1], Chan and Mahoney [5], and 
Elnekave et al. [7], trajectories are modeled as a discrete-time series of axis-parallel 
constraints (“boxes”) in the 2D space—each dimension is constrained between a minimum 
and a maximum value. As shown in Figure 1, a trajectory is represented by a series of 
boxes, each with four attributes: the maximum value of longitude, the minimum value of 
longitude, the maximum value of latitude, and the minimum value of latitude for a box. By 
using this structure close data-points can be summarized into one box, such that instead of 
recording the original data-points, only the four elements need to be recorded. 
Summarizing a spatio-temporal dataset that records locations of multiple objects at fixed 
intervals (e.g., every ten seconds) can significantly reduce running time of anomaly 
detection. 

 

 
Figure 1. A trajectory represented by a series of boxes 

 

In our research, a multi-disciplinary team which includes people with technical skills as well 
as those with working knowledge in the cognitive deficits is organized for designing 
cognitive aids. The latter are required not only for their knowledge of how a particular 
design might work for the target users, but also for their skills in working with the target user 
population. The proposed solution draws upon the usability studies of interfaces by people 
with cognitive impairments,   requirements based on interviews with job coaches at 
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rehabilitation institutes, and interventions through action engagement of researchers with 
cognitively impaired trainees in their workplaces. 

A norm is considered as an expected pattern of trajectories for pedestrians or individuals 
travelling by vehicle. In reality, travel patterns result in multiple norms because of the noise 
such as mobile clients’ motion behavior, the road network topology complication, and 
other potential interference such as mobile density and hot mobility spots. To deal with 
multiple norms, we propose a novel statistical method, called RADTI (Real-time Anomaly 
Detection for Traveling Individuals), which creates box-based trajectories and computes 
similarities between the current incoming box and the norms.  

A box is started with a data-point. Incoming data-points update the box-based 
representations in the order of their arrival times. Therefore, the bound of a box is extended 
until the maximal bounds of that box reach segmentation thresholds. When a threshold is 
exceeded in at least one of the dimensions, a new box is created [7]. The process is 
depicted in Figure 2. 

 

 

Figure 2.  A box is enlarged or a new box is created  

 

Deviation is determined by incrementally computing similarities between the current 
incoming box and the norms. To do so, a weighted trajectory is constructed ahead of time 
from history with N norms. Multiple norms result in overlapping trajectory boxes. For each 
overlapping region, an integer weight from 1 to N is assigned according to the number of 
trajectory boxes overlapping with each other, as shown in Figure 3. A weighted trajectory 
with N norms, denoted as WT(N) for short, is shown in Figure 4 with color coding. 
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Figure 3. Weights and weighted areas of trajectory boxes 

 

 
 

Figure 4. A weighted trajectory resulting from N norms 

 

With the weighted trajectory WT(N), a real time probability of an individual getting lost can 
be computed on the fly. First, the incoming box Bi of the current trajectory T is used to 
identify its overlapping area with  WT(N), if any, and calculate the weighted sum of the 
overlapping areas, OA(Bi, WT(N)) normalized by the sum of areas of N trajectory boxes, 
each with time index i. The resultant ratio P(Bi) is used as the real time estimate of 
probability of the person who has not gotten lost. Ideally, P(Bi) is equal to 1 if all the N norms 
agree with each other at time index i and the incoming box Bi also coincides with them. 
One of the great advantages of a probabilistic approach eliminates the need of setting 
threshold parameters to determine anomaly. Statically setting these parameters could 
make a system fragile. Furthermore, probabilities provide more information about the 
likelihood of getting lost than a dichotomy between “lost” and “not lost”. 
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Experiments 
Individuals of disabilities and ages in various ranges were recommended by the 
participating rehabilitation institutes that we have been partnering with and screened 
according to degrees of cognitive impairments, the ability to achieve daily living tasks, and 
severity of loss in short-term memory. Priorities were given to medium and low functioning 
patients as opposed to high functioning and very low functioning ones.  Moreover, 
assessment on individual capabilities also took into account the ability to operate the PDA 
and understand its feedback. We recruited eight volunteers. Al has TBI after a car 
accident. He has received very good rehabilitation and has been able to remain 
employed on a paid job as a janitor. For more demanding jobs with higher pay such as 
kitchen assistance and gas station management, Al has been always looking but not yet 
succeeded. Ben has IDD and he has mild difficulties in memorizing routine procedures in his 
workplace. He occasionally gets lost and has to call for help by cellular phones. Craig has 
schizophrenia and currently he is unemployed although he really wants a job. Doug has 
dementia and is forgetful about the routes or work procedures. He has been under 
unemployment since a car accident happened to him some years ago. However, he 
works very hard in the occupational rehabilitation center in order to get employed in the 
future. Ed has schizophrenia. Fiona has organic brain syndromes and exhibits exercise 
fatigue. Her family hires a caregiver to accompany her all day long. However, she was 
found to become playful with the PDA in hand and enthusiastic in the experiment. Helen 
has both IDD and schizophrenia, which makes her unable to distinguish ambient sounds 
from those imagined from within. Gordon had a car accident two years ago and 
remained hospitalized in an ICU for 11 months until earlier this year. Now he is receiving 
occupational therapy. Getting a paid job is one of his wishes. Helen has both IDD and 
schizophrenia. The participants, except Fiona, were receiving pre-training programs in 
community-based employment projects sponsored by Affirmative Actions Initiatives, Labor 
Affaires Bureau, Taipei. Our proposed system was developed to help them become more 
qualified for job positions such as mail courier and parking patrollers. 

 

Settings 
Throughout the years of 2007-2008, each subject participated in 20 independent sessions, 
resulting in a total of 160 sessions as a whole. Each session was a trip with an individual 
returning home from community-based training in the afternoon.  The travel time ranged 
from 0.5 ~1.5 hours or so, including transits for some. Public transportation was used 
throughout the experiments. For each user, the first 10 trips followed norms built earlier while 
in the other 10 trips we let the test subjects take the bus at will, some of the trips resulting in 
deviations in the middle of the trips. In such cases, the test subjects used the system in a 
natural setting to see how well the system could detect different types of deviations. In 
each session, a shadow team of three always followed the subject during the trip for the 
purpose of maintaining security, observing, and recording. We tested the functions of the 
RADTI system and evaluated its performance with regard to its ability to identify the 
anomaly in real time. In order to receive quality satellite signals for positioning, subjects 
were reminded to sit on the window seat of the vehicles while on board. Note that not all 
previous trajectories are equally probable -- for example, a likely trajectory on a weekend 
may be very different from that on weekdays. Therefore, experiments were conducted 
only on weekdays. Each weighted trajectory was composed by N=10 norms.  
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Results 
Performance was measured in terms of the extent of exactness and completeness. A 
measure of exactness or fidelity is precision, whereas a measure of completeness is recall. 
In our scenario, what matters is whether a subject deviates from a normal routine path. 
Therefore, precision is defined as the number of true anomalies identified divided by the 
total number of anomalies returned by the match (which may include certain false 
alarms).  Recall is defined as the number of true anomalies identified by a match divided 
by the total number of true anomalies (which should have been identified). F-measure is 
defined as (2 * precision * recall) / (precision + recall) in information retrieval terminology 
[3]. A person is considered lost if P(Bi)<0.2 and not lost if P(Bi)>0.8. For 0.2<P(Bi)<0.8, the 
person is put on alert. 

 

 
Figure 5. Trajectories without anomalies 

 

Sample trajectory plots are depicted in Figures 5 and 6 to illustrate typical behaviors of our 
proposed algorithm. Figure 5 indicates a scenario where no anomalies were found in the 
whole trajectory. Figure 6 depicts trajectories which have anomalies. False alarms may 
happen when a trajectory is mostly horizontal or vertical due to the fact that the box is axis 
parallel and there is intrinsic inaccuracy in GPS. For a person who travels in a horizontal 
path, the two bounds of longitudes are very close to each other. The box will look like a 
horizontally stretched rectangle. In case the GPS is not accurate enough during the period 
of a trip, the box comparison will be negatively impacted. One way of fixing the problem is 
rotating the axes when users travel in a Manhattan style cities. With axis rotation, the box 
formed will have an aspect ratio closer to 1.0 even if they travel horizontally or vertically.  
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Figure 6. Trajectories with anomalies after epoch 55 

 

The experimental results showed that recall was 95.0% and precision was 90.9% on average 
without false alarm suppression. False alarms and false negatives dropped when axis 
rotation was applied. The precision with axis rotation was 97.6% and the recall was 98.8%. 
The average time used for sending locations, running anomaly detection, and issuing 
warnings was in the range of 15.1 to 22.7 seconds. In case anomalies were detected, a 
SMS notice was issued to the shadow team and the PDA alerted its user by vibrating and 
sounding voice-over alarms. 

 

Final remarks 
This article considers how to accurately detect disabled people that diverge from their 
normal trajectories. We design a statistical method of anomaly detection that transforms a 
user's previous trajectory into a series of boxes and compare similarity against these boxes. 
The method evaluates the effectiveness using 8 disabled people and shows good 
performance. Despite a small number of subjects, such evaluation is very valuable and 
hard to conduct. Our data provide preliminary evidence that the system is able to identify 
the anomalies in real time. The system has enhanced previous work on location-based 
services and added care providing interactions. Therefore, the system may be helpful for 
reducing risk while increasing independence in the process of community integration. Our 
study suggests a promising avenue for further research in providing ambient intelligence to 
people with cognitive deficits.  
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