Q

ERIC

Aruitoxt provided by Eic:

DOCUMENT RESUME

ED 456 593 EC 308 577

AUTHOR Sprigle, Stephen, Ed.

TITLE Spotlight on Technology. Proceedings of the RESNA '99 Annual
Conference (Long Beach, California, June 25-29, 1999).
Volume 19.

INSTITUTION RESNA: Association for the Advancement of Rehabilitation
Technology, Arlington, VA.

ISBN ISBN-0-932101-41-0

ISSN ISSN-0883-4741

PUB DATE 1999-00-00

NOTE 400p.; For volume 21, see EC 308 578.

AVAILABLE FROM Association for the Advancement of Rehabilitation Technology
(RESNA), 1700 N. Moore St., Suite 1540, Arlington, VA
22201-1903. Tel: 703-524-6686; Fax: 703-524-6630; Web site:
http://www.resna.org.

PUB TYPE Collected Works - Proceedings (021)
EDRS PRICE MF01/PC1l6 Plus Postage.
DESCRIPTORS Academic Accommodations (Disabilities); Adolescents; Adults;

*Assistive Devices (for Disabled); *Augmentative and
Alternative Communication; Children; *Computer Uses in
Education; Delivery Systems; *Disabilities; Distance
Education; Educational Environment; Elementary Secondary
Education; Evaluation Methods; Inservice Education;
*Mobility Aids; Outcomes of Treatment; Physical
Disabilities; Public Policy; *Rehabilitation Programs;
Technology; Wheelchairs

ABSTRACT

This book contains the proceedings of the annual RESNA
(Association for the Advancement of Rehabilitation Technology) conference,
which focused on technology and individuals with disabilities. Papers and
presentations are grouped into the following nine major categories: (1)
assistive technology and cognitive disabilities; (2) augmentative and
alternative communication (AAC), which includes "Joint Attention and Young
Children Relying on AAC: Research Implications for AAC Intervention" (Cynthia
J. Cress); (3) computer access and use, which includes "Computer Access
Considerations for Primary-School-Age Users" (Yuichi Tamano); (4)
environmental adaptations, modification, and design; (5) functional control
and assistance, which includes "Intramuscular Functional Electrical
Simulation To Augment Walking in Children with Cerebral Palsy" (Rick Finson
and others), "The Implementation of an Upper Extremity Neuroprosthesis in
Growing Children with C5 Level Spinal Injury" (Brian T. Smith and Randal R.
Betz), and "Totally Implanted FES for Upright Mcobility in an Adolescent with
Paraplegia" (Therese E. Jchnston and cothers); (6) public policy and assistive
technology education, which includes "Barriers to Effective Preservice and
Inservice Distance Education in Assistive Technology" (Al Cavalier); (7)
quantifying function and outcomes, which includes "Assistive Technology
Outcomes in the Schools: Identifying a Valid Measure" (Michelle Kaye
Silverman and others); (8) seating and mobility; and (9) service delivery and
technology for special populations. The book includes papers from the fifth
annual research symposium that address the medical, functional, and
psychosocial consequences of aging with a disability and the impact on future
needs for assistive technology. Presentations from the student design

Reproductions supplied by EDRS are the best that can be made
from the original document.




competition and the student scientific paper competition are also included.

(Papers include references.) (CR)
€ )
F le Reproductions supplied by EDRS are the best that can be made
RI D!
Eos from the original document.




PROCEEDINGS OF THE RESNA 99
ANNUAL CONFERENCE

SPOTLIGHT ON TECHNOLOQ’Y

ED 456 593

JUNE 25-29, 1999 °
LONG BEACH
CONVENTION CENTER

U.S. DEPARTMENT OF EDUCATION PERMISSION TO REPRODUCE AND

Office of Educational Research and Improvement DISSE]
EDUCATIONAL RESOURCES INFORMATION MBmE‘éLEGT:}\i'IMEATER'AL HAS
CENTER (ERIC) DBy :

Mhis‘document has been reproduced as
received from the person or organization G&J + {<
originating it. e %

O Minor changes have been made to
improve reproduction quality.

TO THE EDUCATIONAL RESOURCES
® Points of view or opinions stated in this INFORMATION CENTER (ERIC)
document do not necessarily represent 1
official OERI position or policy.

C 308577
™

BEST COPY AVAILABLE

\

u




Proceedings of the
IRESNA "99
Annual Conference

g@f%

G jgm o
SV ANUHEY

dJume 2529, 1999

D

Convention Center




PROCEEDINGS
of the
RESNA 99

Annual Conference

Spotlight on Technology

~ June 25-29, 1999

Long Beach Convention
& Entertainment Center

Long Beach, California
Stephen Sprigle, PhD PT |
Editor '

Kevin Caves, BS ATP

Barbara Ketcham, OTR
Conference Co-Chairs

RESNAPRESS




Proceedings of the RESNA 99 Annual Conference
Long Beach, Califomia
June 25-29, 1999

Volume 19
ISSN 0883-4741
ISBN 0-932101-41-0

Copyright © 1999
RESNA

All rights reserved. This book or nay part thereof may not be
reproduced in any form without the permission of the publisher.

1700 North Moore Street, Suite 1540
Arlington, VA 22209, (703) 524-6686

Printed in the United States of America
Dependable Printing Company, Inc.



Foreword

Can 1 afford to attend the RESNA conference? It’s a common question in this age of
shrinking reimbursement dollars and increased competition for them. Consider for a
moment what the RESNA annual conference is all about. RESNA is the spotlight shining
on all assistive technology issues. The RESNA Annual Conference is the ONE place
where clinicians, suppliers, educators, researchers and consumers can step into the
spotlight together, to share information and expertise, to teach and to learn, to combine
their strengths in understanding and solving today’s issues and in planning for tomorrow’s
rapid paced changes. The real question should be: "Can I afford NOT to attend the
RESNA conference?”

Technology is changing our lives every day in every way. This week as we shine our
spotlight on assistive technology, our intent is to highlight new equipment as well as new
issues in the field of assistive technology. And what better place is there to engage in
such an exchange than where the consumers, researchers, educators, clinicians and
suppliers of assistive technology meet to share and learn. Only by staying informed and
keeping communication open between the disciplines can the field of assistive technology
survive as an entity that makes a difference in people’s lives. Take this opportunity to
get involved and let yourself and your thoughts be heard.

On behalf of the local organizing committee we welcome you to Long Beach, California,
for the 1999 RESNA Annual conference. We hope you will find both the conference and
the city of Long Beach, to be exciting and inspiring. Step into the spotlight to teach and
learn about assistive technology and the issues, present and future!

Kevin M. Caves, BS ATP
Barbara Ketcham, OTR
Conference Co-Chairs

Alexandra Enders, OTR/L ATP
RESNA President
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Preface

Welcome the RESNA ’99: Spotlight on Technology.

The members of RESNA and other attendees have again contributed a extensive variety
of assistive technology information spread throughout the scientific program’s platform
and interactive poster presentations, computer demonstrations and concurrent sessions. The
content includes everything from recent scientific research to practical designs to case
studies.

You'll notice a few changeé this year in the layout of the conference and proceedings
resulting from an effort to simplify the conference for all attendees, but in particular, for
those new to RESNA. All scientific content is grouped into 10 categories:

® Assistive technology and cognitive disabilities

e Augmentative and alternative communication

® Computer access and use

¢ Environmental adaptations, modification, and design

¢ Functional control and assistance

® Public policy and AT education

¢ Quantifying function and outcomes

¢ Seating and mobility

¢ Sensory impairments C '

e Service delivery and technology for special populations

Using a limited number of categories improves one’s ability in selecting sessions of
interest and greatly simplifies the process of designing the schedule with minimal
conflicts. Of course, RESNA ’99 is more than just scientific content, it is also about
networking and planning. Many meetings are scheduled on a variety of issues and you
should investigate those that pique your interest. Meetings represent the other significant
change in conference organization. All meetings are held outside of the time periods
reserved for the scientific program so attendees do not have to choose between a scientific
session and a meeting.

RESNA ’99 resulted from efforts by many people. Kevin Caves, the Conference Chair
and the Chair of the Meetings Committee, led the planning and organizing at both the
local and national levels. I’m fairly confident no one else will ever attempt that double.
As always, the efforts of Susan Leone and Terry Reamer were indispensable. cannot
describe the many roles they undertake as the conference is planned and executed. Please
thank them.

Enjoy,

Stephen Sprigle, PhD PT
Chair, Scientific Program
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TRAINING ELDERLY PEOPLE TO STEP OVER OBSTACLES
USING SELF-VISUALIZATION TECHNIQUES

David L. Jaffe, MS; David A. Brown, PhD, PT *;
Cheryl Pierson-Carey, MS, PT; and Ellie Buckley, MS

Rehabilitation Research and Development Center
Palo Alto Veterans Affairs Health Care System
Palo Alto, CA 94304

* Northwestern University Medical School
Programs in Physical Therapy
Chicago, IL. 60611

ABSTRACT

The long term goal of this work is to construct and test a system for elderly individuals at high risk
for falling that 1) employs techniques to monitor and improve their stepping-over response
trajectories and 2) trains them in more effective movement strategies. This method is expected to be
safer than conventional training and more rapid and precise in the feedback it provides to the
patient.

BACKGROUND

Currently, the standard method of training stepping-over responses involves exposing the subjects
to the actual hazards, such as practicing stepping over different sized objects. Many activities can
not be practiced because they: 1) involve too much of a risk, such as stepping-over a moving object,
2) may lead to an actual fall, such as stepping over barriers, or 3) are not possible to simulate, such
as having a dog suddenly run in the gait path.

STATEMENT OF THE PROBLEM

Statistics on falls in the US document the serious consequences of the problem. Accidents (a
majority of them are falls) are the fifth leading cause of death in those over 65. One percent of those
that fall are admitted into a hospital with only half of these surviving after the incident.
Approximately 90% of hip fractures in elderly people are caused by falls. Of those elderly people
who were functionally independent before a hip fracture, 25% remain in long term care for more
than a year afterwards, and another 35% must depend on mechanical aids or people for mobility. On
a more positive note, the Public Health Service states that 2/3 of the deaths due to falls are
preventable. Therefore, there is a great need to identify the causes of falling in the elderly and
develop strategies for preventing falls.

RATIONALE
The ability to step over objects is an essential component of ambulation that enables a person to
safely function in real world environments. This is especially important for persons with walking
Q RESNA ’99 ¢ June 25 - 29, 1999
ERIC
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Training Elderly People to Step over Obstacles
deficits secondary to musculoskeletal (amputations, post orthopaedic surgery) and neurological
(stroke, head injury, spinal cord injury, multiple sclerosis, peripheral neuropathy, Parkinson's
disease) problems. In addition, the frail elderly, a growing Veteran population, would benefit from
this research.

A high percentage of elderly veterans are injured in falls, or require home or nursing home care to
prevent the occurrence of falls. Veterans having either service-connected or post-service problems
of walking and balance constitute the target population for application of results of this research.
‘Providing better care to veterans who suffer from posture and gait disturbances leading to falls was
cited as a priority need in a September 15, 1987 Clinical Affairs Letter from the office of Mark W.
Wolcott, Assistant Chief Medical Director for Clinical Affairs.

Veterans who have difficulty walking for other reasons (e.g. spinal injury, amputation, sensory or
post surgical gait deficits, cardiovascular insufficiency, Parkinsonism or other balance disorders) are
particularly susceptible to falls and the possibility of injury by contact with objects in their
environment. The number of veterans in these categories is large and increasing, given that over
40% of veterans are now over the age of 65. Presently, prevention of falls presents a
disproportionate burden to the care-provider, since the fall-prone person lacks means for continuous
reinforcement of safe ambulation. Transferring some of this responsibility for reinforcement back to
the patient is a potential outcome of this project that is in accord with VA goals.

DESIGN

In the past several months a laboratory setup has been developed.
Subjects will wear an overhead harness to prevent injury in the case
of a fall during treadmill walking. A color video camera will be
trained on the subjects' legs from the side. The subject wearing a
head-mounted display will view this real time image. The computer
will add virtual images of rectangular objects of varying heights and
lengths at the subjects’ feet. The subject will be instructed to step over
the obstacles on each step. The computer will capture the images and
detect any intersection of the user's feet with the virtual obstacles. A
collision by the toe on the front edge of the object would indicate that
the subject has not lifted the foot high enough, while a collision with
the heel on the top of the object would indicate that the subject has
not stepped far enough. Foot switches determine which foot is off the
ground. The vibrotactile feedback would then be directed to the heel
or toe of the foot that caused the collision.

PRELIMINARY RESULTS
Our pilot project work has led to the following conclusions:

The most successful technique involves displaying a side-view of stepping on a treadmill while
the viewer repeatedly negotiates computer-generated obstacles.

RESNA ’99 e June 25 - 29, 1999 3
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Training Elderly People to Step over Obstacles
When stepping over obstacles during overground walking, young, healthy persons step over
higher objects by increasing knee and hip flexion. This same strategy is employed when
stepping over computer-generated obstacles displayed during treadmill walking.
When stepping over obstacles during overground walking, young, health persons step over
longer objects by increasing stride length. This same strategy is employed when stepping over
computer-generated obstacles displayed during treadmill walking.

In a small group of elderly subjects, the proposed training regimen showed a positive result:
subjects were better able to negotiate an overground obstacle course after 3 training sessions. A
randomized, controlled study must be conducted to separate out the nonspecific effects.

DISCUSSION

Future studies include studies on frail elderly individuals with a history of falls to determine if this
intervention can result in reduced frequency of falls. In addition, we plan to further develop the
system so that it can be used in a wide variety of clinical settings and clinical populations.

Further work in this project area could include employing simulation techniques with walking aids
such as canes and crutches. Other potential areas of research include the study of improvements in
fitness and gait through simulation of walking situations for ambulatory nursing home patients and
teaching environmental factors and modifications to avoid falls. The system could provide an
enjoyable and safe environment for general exercise, a safe setting for "wanderers", or a simulated
practice session for wayfinding and familiarization of nursing home patients with their facility.
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ASSISTIVE DINING DEVICE PRODUCTION FEASIBILITY STUDY
Catherine Wyatt

Mealtime Partners, Inc.
Azle, TX 76020

ABSTRACT

The purpose of this study is to develop a new design, develop clinical evaluation software, and
to perform clinical testing of an Assistive Dining Device (ADD) that can help individuals with
disabilities to eat independently. The ADD design is complete and two ADD units have been
fabricated and are undergoing engineering test. Sixteen additional units for clinical evaluations will
follow in late 1999. Clinical evaluation software has been developed which operates on a separate
computer that can be connected to the ADD. Beginning in January 2000, these units will be used in
extensive clinical evaluations to quantify the effectiveness of the device and to provide valuable user
feedback about how well the ADD design fully addresses their needs. Evaluations will be conducted
using the Tool for Evaluating Mealtime Experiences (TEME), an assessment instrument that has
been developed to evaluate the quality of mealtime experiences for those using assistive feeding
technology.

SIGNIFICANCE OF THE PROBLEM

According to the U.S. Bureau of Census Population Report (1993), of the total civilian, non-
institutionalized population, 487,000 adults need personal assistance with eating. About 60 percent
of people with difficulty feeding themselves get help from others. However, one in five (21.4%) are
unable to feed themselves even with aid (Disability Statistics Abstract)'. It is apparent from this
information that at least 100,000 non-institutionalized adults in the U.S. are dependent upon a
caregiver for their feeding and could potentially gain some independence by using appropriate
assistive technology. Further evidence of similar statistics inside institutions was provided by a recent
survey of 12 Occupational Therapy Departments from major U.S. rehabilitation hospitals who
reported that out of 4,150 patients admitted to these institutions in 1993, 920 were completely
dependent upon others for their eating needs (Mahoney & Phalangas, 1996).2

DESCRIPTION OF THE ASSISTIVE DINING DEVICE

The ADD, illustrated below, permits the user to select a food choice from one of the three
sections of the bowl using one or two adaptive switches suited to his/her capabilities, or it can
sequence automatically for users who cannot operate a switch. It serves a wide variety of commonly
accepted table foods or specially prepared foods. The bowl rotates until the desired food is located
under the spoon which then dips into the bowl, scoops up the food, removes excess food, and
presents a rounded spoonful of food very near the lips of the user. The ADD requires a small amount
of neck movement as the user must lean forward slightly and remove the food from the spoon. (A
small amount of upper torso movement makes the device easier to access, but is not essential.)

THE ADD PRODUCTION FEASIBILITY STUDY

The ADD Mechanical Design. The first part of this study was to develop an improved ADD design.
The design has been advanced well beyond that of the original ADD demonstrator, reported at the
14™ annual RESNA Conference in 1991, which required separate electronics and a personal
computer (PC) to operate. The current design contains an indigenous processor and control system
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and is entirely portable, operating on internal batteries. Although functionally the same as the
demonstrator, the ADD physical and mechanical design has been significantly altered to provide a
small, light-weight, reliable, readily cleanable product.

The Clinician’s Workstation. The design also permits clinical evaluation of the user’s ability to
operate the device when interfaced with an external PC running software developed for this purpose;
The Clinician’s Workstation. The Workstation software operates under Windows 95/98 and
provides complete control of the ADD from the PC. It also collects and stores detailed information
about the ADD operation for sessions when the Workstation is attached to the ADD. Information
gathered can be viewed on-screen and/or printed in a report. The data can be used to identify the
optimum number and positioning of adaptive switches. During training, it can be utilized to analyze
subject performance which will lead to the selection of the appropriate bowl and spoon movement
patterns for each subject. It can also be used by a clinician to study their client’s ongoing
performance with the device and to determine if the control settings need to be altered. This data can
be collected without the clinician being present and analyzed later. Using a portable computer, a
clinician could easily support numerous clients.

Clinical Evaluation Design and Methods. The final objective of the study is to make quantitative
measurements of the effectiveness of an assistive feeding device in the various environments where it
might be required to function. A research plan that uses a within-individual design using multiple
repeated measures has been developed. To balance the need for multiple subjects with cost and time
constraints, a multiple-baseline design will be employed that will assess subjects’ mealtime
experiences with and without the ADD for six measurement periods. Subjects will be randomly
assigned to one of three groups. Baseline data will be collected for all subjects. Group I will then be
trained to use the ADD. When each user reaches competence in ADD operation, a second
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measurement will be taken with this group using the ADD. At the same time, groups II and HI will
receive a second baseline assessment. This process will continue until all three groups are trained
and actively using the ADD. The final assessment will be a return to baseline for all subjects.

The Tool for Evaluating Mealtime Experiences. To develop the measurement methodology, an
expert panel composed of specialists in research, assessment methodology, mental retardation,
seating and positioning, eating disorders, and the development of training programs for improved
eating and feeding, was charged with developing a draft instrument. A second panel was assembled
to evaluate the draft instrument developed by the expert panel. The second panel consisted of users,
their family members, caregivers, nursing and school staff. The ideas from this panel were later
evaluated and integrated into the final instrument.

A researcher uses the check list portion of the TEME to collect information about the
consumer’s disposition throughout the meal. The meal is also videotaped. The social impact of
assistive technology use at mealtimes is evaluated by analyzing the videotape and counting the
number and types of communications with the consumer during the meal. Specific numbers of
interactions that relate to ending the meal are also tracked during the meal. Information is gathered
about the mealtime surroundings and atmosphere, including the number of diners and staff in the-
area, noise level, etc. The food and drink that is presented during the meal and the amount
consumed, as well as information about all aspects of the quality of the food (e.g., temperature,
appearance, smell) is recorded. After the meal, interviews with the user and caregiver are conducted
to determine their opinion of, and satisfaction with, the overall meal.

Information gathered using the TEME can be divided into two categories: data which will be
subjected to statistical analysis, and anecdotal data. All responses that will be analyzed are formatted
to receive a negative or positive response or will be measured using a Likert-type scale with
responses from zero (poor) to four (good). Data will be interpreted for within-individual efficacy by
comparing changes between baseline and intervention. Group changes across time can be
determined using repeated measures ANOVA.
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Swallow Frequency Device: A method of swallow detection
Janet H. Allaire, Paul E. Allaire and Michael Baloh
University of Virginia
Charlottesville, Virginia 22901

Background

Humans produce between 0.5 — 1.5 liters of saliva per day (Blasco, 1996). Lear,
Flanagan and Moorrees (1965) reported this saliva is swallowed during the nearly 500 swallow
occurrences adults perform in a day. Children with developmental disabilities such as Cerebral
Palsy do not swallow as often as those who are able-bodied. Sochaniwskyj, Koheil, Bablich,
Milner, and Kenny (1986) determined that children with cerebral palsy and saliva overflow
problems swallowed at 75% of the rate of normals. While this phenomenon has been studied in
the laboratory, it has not been tested during the course of every day events in school, at home and
in the community. A device, the Swallow Frequency Device (SFD) has been designed, fabricated
and tested to perform this function. The SFD is comprised of a swallow sound transmitter, and a
microprocessor. The SFD and its companion unit, The Chin Dry System™ act as an assessment
tool, a training device and a research tool for persons with saliva overflow problems.

The SFD uses pattern recognition, which involves the storage of speech, swallow or other
data vs. time in digital form in the computer or microprocessor. When a new data set enters the
MiCroprocessor, it is compared to the stored sample and, if they match, the microprocessor
initiates a detection signal. Because no successive swallow or speech patterns are identical, the
computer is normally trained by the subjects swallow patterns. The computer learns to recognize
the variations in the individual subjects swallow patterns. The computer then learns to recognize
and respond to a particular swallow sound despite small differences. Such significant strides
have been made in pattern recognition hardware and software that it is now possible to recognize
many patterns.

Research Question
The objective of this study is determine if existing pattern recognition technology can be
adapted to swallow detection in subjects of all ages, and disabilities.

Method ,

The sound transmitter, a combination of a stethoscope and a microphone, has been shown
to be effective when used with adhesives and placed at the lateral border of the cricothryoid
cartilage. Placement of the stethophone is slightly lateral to midline of the throat. The
stethoscope is comprised of a standard infant stethoscope with a simple piezo-electric
microphone mounted at the end of the stethoscope head metal outlet tube (with the flexible
section removed) using epoxy. The microphone voltage output signal is fed into the electronic
counting component through three small wires. This combination had the major advantage that
external non-subject sound signals were rejected from the desired signal. Further, acoustic low-
pass filter properties of the stethophone reduce the effects of the subject coughing and speech.
This device provides a simple and low cost yet effective approach to sound transmission.

Two separate SFD devices are in the process of development.
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1. SFD4-MICROMINT
2. SFD4-OKl

The SFD4-MICROMINT was developed and will be described here. The template for the
identification of swallows must be specific enough in form to eliminate non-swallow sound
signals. Yet, the identification must be broad enough to identify somewhat different swallow
data sets. The MICROMINT processor was configured to ‘enroll’ several different swallows
from a subject and store several discrete swallow data sets. These data sets were then averaged
to obtain a composite swallow pattern.

A thirteenth order polynomial fit was determined using a least squares curve fit. To
reduce the sensitivity of this measurement to noise and other spurious signals, the mean of ten
digitized samples was used to produce a new digitized compressed signal. This functions as a
type of low pass filter without the phase distortions that would be encountered if an electronic
filter were employed.

Results

The stethophone and the SFD4-MICROMINT were tested for four normal healthy adult
subjects, three males and one female. All subjects gave informed consent. In each case, a
swallow template was stored and compressed as described. Then, swallow signals, cough
signals, speech signals, or simple noises were created by the subjects and the signal processed by
the SFD4-MICROMINT. The results are given in Table 1.1. The results show 8 samples tested
with 100% accuracy in swallow detection. The sample is small, with much more to be done, but
the trend is very encouraging.

Table 1.1 Initial Testing of the SFD4-MICROMINT for Swallow Detection Accuracy

SUBJECT SWALLOW COUGH SPEECH NOISE
NO.1 (M) ACCEPT REJECT REJECT
NO.2 (M) ACCEPT REJECT
NO.3 (F) ACCEPT REJECT
NO.4 (M) ACCEPT
Discussion

The SFD4-MICROMINT is a configuration using a low cost, industrially oriented
controller on a 0.85 square inch Microchip Technology PIC16C84 RISC processor. It includes
on chip RAM, EEPROM, and other features. This is a high performance, low cost, CMOS, fully
static 8-bit microcontroller.

Whila
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there is much more work to be done before its efficacy can be determined. The SFD 4 must be
tested on 25-30 healthy adults and 15-20 children with cerebral palsy. Some of these children
must have saliva overflow problems and some must not. In addition, the SFD4 must be
evaluated using adults with acquired disabilities. This study population should be comprised of
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persons with ALS, Multiple Sclerosis, Spinal and Brain Injury, Down Syndrome and conditions
resulting in the use of mechanical ventilation.

Efficacy must also compare the use of the SFD4 with another method of swallow
detection. For this portion of the field testing, the SFD4 should simultaneous detect swallows
while persons trained in videofluroscopy are monitoring swallows during a Modified Barium
Swallow procedure. The real time view of the swallow using the MBS as the gold standard can
be compared to the SFD4-MICROMINT. With trained personnel in attendance and indicating
the swallow on video, this proves the efficacy of the SFD4-MICROMINT.

The SFD-4 will serve as an important component of the Chin Dry System™ because it
increases its flexibility as an evaluation tool. It will be possible to measure not only the amount
of saliva overflow but also the frequency of swallowing. It promotes the training capacity of the
of the Chin Dry System™ by cueing the user as to when to swallow. Finally, it enhances the use
of the Chin Dry System™ as a research tool. This will facilitate the development of knowledge
of sialorrhea and saliva control. Perhaps clinicians can finally choose the best approach (surgery,
medication, behavioral management or therapy) to this difficult problem.
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TECHNOLOGY FOR THE MANAGEMENT OF SALIVA OVERFLOW
THE CHIN DRY SYSTEM™

Carrie Brown, PhD, Innovative Human Services, Inc.

Jan Allaire, MA, Clinical Assistant Professor
Dept of Pediatrics, University of Virginia Health System

ABSTRACT

The Chin Dry System™ (CDS) is a technological and mechanical vacuuming system which
vacuums unwanted saliva from the mouth, chin, or shirtfront of the user and stores the saliva for
disposal. The portable and modularized CDS™ may be used for three purposes: a) Functional
Tool for Cleanliness and Hygiene: Saliva collectors are hand held, attached to the shirtfront, or
adhered to the chin. Once saliva is detected, the CDS™ operates automatically or through user
activation. b) Training Device: The CDS™, in partnership with the Swallow Frequency Device
(see article by J. Allaire), alerts the user to swallow more frequently, to hold his/her head up, or to
vacuum a saliva spill. c) Research Aid: Since the CDS collects saliva making it quantifiable, the
researchers can begin to determine the effectiveness of interventions.

BACKGROUND

Drooling, (i.e., sialorrhea or saliva overflow) is the unintentional loss of saliva and other contents
from the mouth (1). The topic of drooling typically generates unease, strained silences,
embarrassment, or possibly jokes and amusing discussions. Drooling interferes with: 1)
placement in the workforce for job-ready adults, 2) achievement of literacy skills for the school-
aged population of children, 3) social relationships both intimate and merely familiar, 4)
caregiver's burden of changing and cleaning clothing, and 5) technology interfaces (i.e. keyboard
use). Poor saliva control occurs because of difficulty in the oral or voluntary phase of swallowing.
(2). Ttis both a clinical sign and symptom that is often a consequence of medical and/or
neurological disorders (3). Additionally, clinicians who attempt interventions to prevent drooling
cannot successfully: a) measure the amount of saliva produced by a person (measurement allows
clinicians to determine the severity of the problem and to match the severity to a state of the art
intervention); b) give the person who drools some effective control over the drooling problem;
and, c) provide a hygienic means for removing drool and thereby eliminating odor.

In 1996, the National Institutes of Health, of the National Institute of Child Health and Human
Development, funded this research project to develop a technology system that would address the
condition of sialorrhea, i.e., unwanted saliva overflow. Researchers are in their third and final year
of research to develop the Chin Dry System™ product to address the problem of drooling.

STATEMENT OF THE PROBLEM :

The research question for this study is: Can a technology system be designed to adequately
address the multiple problems presented by saliva overflow (i.e., drooling)? These problems are
identified as: a) to keep the user clean and dry with am aesthetically and socially acceptable
device; b) to develop a system which allows researchers and clinicians to evaluate the
effectiveness of their medical and clinical interventions; and, c) to serve as a stand-alone training
system to help the user change behaviors which contribute to the problem of drooling.
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The Chin Dry System

~

RATIONALE -

The Chin Dry System™ is a Hygienic Saliva Compensation System for use by individuals having
uncontrolled drooling due to excessive saliva production or pronounced swallowing disorders to
vacuum unwanted saliva from the mouth. chin, shirtfront of the user and stores saliva for disposal.

DESIGN

The main components of the CDS™ are: Saliva Collector Units, Saliva Collection Container,
Pump, Solenoid, Battery, Swallow Frequency Device (optional), Head-Tilt Monitor, Data
Collection and Evaluation Software, Configurable Input and Output Software for Training and
Use, X-10 Environmental Controls and Battery Controlled Devices for Cueing and Training,

The CDS™ has a portable carrying case that holds a vacuum pump and a self-contained power
supply that powers the vacuum pump. An electrical computer control circuit connects to the self-
contained battery power supply and the pump. The Three Collector Units are the saliva vacuuming
components. The Collectors attach to the connectors of the main operational unit by vacuum
tubing and an electrical connector. There are three Saliva Collectors are the Face Collector, the
Shirtfront Collector, and the Hand-held Collector. The Shirtfront Collector is used in combination
with either the Face Collector or the Hand-held Collector as a back-up collector.

The vacuum flow system consists of the following: two tubing flow paths from two separate
collectors; a flow vacuum route valve which directs the vacuum to the appropriate collector that
has saliva; a vacuum pump; and a collection jar. The vacuum pump is controlled in one of two
ways: 1) the user activates a switch or 2) a saliva detection sensor in the saliva collector initiates
action. The system, under programmed microprocessor control, is capable of sensing saliva in
either of two collectors, switching the vacuum route valve to the appropriate flow path, and
turning on the vacuum pump which suctions the saliva. In order to maintain the integrity of the
pump, air is routed through the collection bottle to pull the vacuum and prevent saliva from
travelling through the pump. Suction is maintained by pumping air out of the fluid collection
bottle.

The Chin Dry System™ microprocessor collects and stores data about all the interactions between
the user and the technology. Input is from collectors turning on and off, the duration of vacuum,
the Head-tilt sensor, and the Swallow Frequency Device (see paper by J. Allaire). The software
can be configured to match inputs with outputs and to collect and store data. Using an RS-232
cable link, software configurations can be uploaded to the Chin Dry System(TM) microprocessor
from a clinician’s PC to collect data and, conversely, collected data can be downloaded to the PC.
For training and cueing purposes, the Chin Dry System(TM) incorporates X-10 environmental
control technology and speech output.

DEVELOPMENT

Research Team. The research team is comprised of the Principal Investigator, 2
mechanical engineers, two electrical engineers, a technology coordinator, two software engineers,
an engineering prototype company, research assistant, and consultants from the Dept. of Pediatric
Developmental Disabilities at Texas Scottish Rite Hospital for Children (TSRHC) in Dallas.

Q RESNA ’99 ¢ June 25 - 29, 1999
ERIC

T 26



The Chin Dry System

Research Subjects. Key participants of the research team are the 25 research subjects who
have the condition of saliva overflow. The roie of the research subjects is to offer ongoing input
and assistance on the design and function of the CDS as it evolves. The research subjects were
selected based on referrals from the patient population of TSHRC, plus referrals from the
Muscular Dystrophy Association and United Cerebral of Greater Dallas. From a pool of up to 35
potential research subjects, each subject was evaluated for severity of the drooling problem,
willingness and ability to participate, and the ability to adequately communicate

EVALUATION

Over the course of approximately two years, researchers consulted on a regular basis with the up
to 25 research subjects as to the design and functionality of the CDS™. The principal investigator
would meet with the research subjects (and oftentimes their parent or guardian when appropriate}
would use the equipment, and offer design suggestions, corrections and enhancements.
Researchers would make agreed-upon changes in the technology, and again interview the research
subjects with the changed design, and the cycle would repeat. Based on this use and evaluation of
the CDS™, the current system is designed to be as functional and efficacious as possible. Some
components of the CDS™, such as the Hand Held Unit, have gone through approximately 15
generations of design in order to be appropriate for the users. By September of 1999, six months
of daily testing of the CDS™ will be conducted with up to 15 research subjects. These subjects
will use the CDS™ on a daily basis to finalize the refinement of the technology

DISCUSSION
This research has been a worthy effort to try and address one of the more stigmatizing problems
encountered by people with disabilities: drooling. This is an important first step in a solution.
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THE USE OF STORED TEXT FOR SOCIALLY EFFECTIVE CONVERSATION
John Todman
Department of Psychology
University of Dundee
Dundee, DD1 4HN, Scotland, UK

ABSTRACT

For people who are unable to speak but are literate, an AAC device based on self-stored text
is a realistic option for social conversation. When pragmatic aspects of unaided conversation are
successfully modelled in a text pre-storage system, the social effectiveness of users’ social
conversations can increase dramatically. It is argued that gains in conversational rate, management
of turn-taking, and topic control that can be achieved with a predominantly pre-storage system more
than offset any loss in the precision of responses to partners’ conversational turns. Findings from
studies that evaluate the content of aided conversations and investigate the effect of conversational
rate on enjoyment and competence attributions are summarised in support of this argument.

BACKGROUND

People who are literate but unable to speak can use text-based AAC devices with synthetic
speech output to communicate. Typically, however, the pause lengths before phrases are output are
considerable. With users’ conversational rates due to the long pause times rarely exceeding 2-15
words per minute, socially effective conversation is difficult to achieve. Users report that partners
are unwilling to wait for long utterances to be produced, creating pressure to produce short,
telegraphic phrases and conversation tends to reduce to partner questions formulated to elicit ‘yes’
and ‘no’ responses. Users rarely manage to take a full share in the control of topic content or in the
management of turn-taking. Consequently they tend to attract negative attributions regarding their
social competence, intelligence and how interesting they are.

One approach to this problem is to provide predictive support for the generation of phrases
during a conversation, but advances in predictive power yield diminishing returns and conversations
conducted in this way generally remain too slow to be socially effective. Pre-storage of text ready
for retrieval in whole phrases during a subsequent conversation can speed up output considerably,
provided there are only a few messages stored so that the required one can be located quickly. Pre-
stored phrases may be regarded as suitable for passing simple ‘needs and wants’ messages or for
highly routine interactions such as greetings and goodbyes or shopping in a store, but it is usually
assumed that they are inadequate for conducting free-ranging social conversation. There are three
basic objections. First, it is impossible to predict with accuracy what directions a conversation will
take. Second, even when the direction a conversation takes has been anticipated, the prepared
phrases will only approximate precise responses to what a partner says. Third, the more that is
stored in an effort to be prepared for the different directions in which a conversation may g0, the
longer it will take to locate particular responses as they are required.

STATEMENT OF THE PROBLEM

The problem therefore is twofold. First, there is the issue of how to strike a balance between
on-line text generation (i.e. during a conversation) and pre-storage facilities within an AAC device.
As most AAC systems are based on the generation of content during a conversation, sometimes with
provision for storage of a few phrases, it appears that most developers of AAC systems favor a
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balance that lies well toward facilities supporting on-line generation. I will argue that this is
unfortunate. Second, if it is"decided that substantial pre-storage facilities are desirable, a way must
be found to help the user to prepare content that will include acceptable responses to most things
that a partner may say and to organise their storage in a way that makes it as easy as possible to
locate phrases as they are required. I will describe in outline the approach that has been taken to
achieve these goals in an AAC system known as ‘TALK’.

APPROACH

In contrast to transactional interactions, most casual conversation is motivated more by social
and personal goals such as enjoyment of the interaction and creating a favorable impression than by a
requirement for the accurate transmission of information. There is evidence that many phrases in
natural conversation (particularly idiomatic phrases) are retrieved whole from memory and that
many, particularly those concerned with personal narrative, are recycled in conversations with
different partners (1). There is also evidence suggesting that people do not generally spend time
generating very precise responses in social conversations, but focus on saying something more or less
appropriate as quickly as possible.

Another pragmatic aspect of natural conversation is the way in which topic development
typically progresses in small steps between different perspectives, for example, between ‘talk about
me’ and ‘talk about you’, between talk about the ‘what’, ‘when’, ‘where’, ‘who’, ‘why’ and ‘how’ of
events or views, and between a focus on ‘past’, ‘present’ or ‘future’. As an illustration, topic may
shift from discussion of where I did my degree (me/where/past), to why I did it there (me/why past),
to where you did yours (youAvhere/past), to who supervised your thesis (you/who/past), to how you
feel about the thesis now (you/how/present), to what research you’re planning to move on to next
(you/what/future), etc.

These pragmatic aspects of natural conversation were modelled in the development of TALK,
a conversation aid based on the pre-storage of text (2). Specific features of TALK include the
following. Menus of idiomatic-type comments provide acceptable responses to many different things
that a partner might say (e.g. ‘What a drag’ in the sympathy category, ‘That’s a good question’ in the
hedging category and ‘How about you?” in the questions category). There are quick-fire buttons
always available on screen. When one of these is activated, a randomly selected exemplar of the
response category on the button label is spoken (e.g. if the ‘Good’ button is activated, any one of the
following might be output: ‘That’s great’, ‘Oh good’, ‘Terrific’, ‘That sounds good’, etc.).
Substantive topic content phrases are organized within a person/issue/tense perspective framework
that has the merit of remaining stable across all possible topics. This makes it relatively easy to find
stored phrases and to share fully in the control of topic direction and the management of turn taking.

RESEARCH FINDINGS

The earliest TALK prototype had no facility for the on-line entry of text during a conversation. This
was in order to test the limits of exclusively pre-stored content. Studies in which the user was a
person without any speech impairment established that conversations on a specific topic, such as
‘holidays’ could be sustained using only pre-stored text, with output rates (including search times) of
around 60-70 words per minute and with the TALK user taking a full share in the control of topic
direction (2). These conversations were shown to have coherent speech act structures that were

very similar to those found in unaided conversations on the same topic (3). It was also found that
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blind ratings of the social effectiveness of the contents of random segments of the conversations were
higher for the aided conversations than for those between two speaking partners (4).

Single-case studies with non-speaking users with motor neurone disease (5) and cerebral
palsy (6) established that similar conversational rates to those obtained with simulated use were
possible, even when topic content was completely unrestricted. These studies also found a positive
relationship between a user’s conversational rate and both participants’ rated enjoyment of the
conversation. It was also striking in the second of these studies that, even though the user was
achieving much faster conversational rates than are usual for AAC users, her partners judged that her
conversational competence was more compromised by the difficulty she had in being fast enough
than any difficulty in expressing what she wanted to say.

For recent studies, an on-line entry facility with word prediction was added to TALK. In one
study it was found that when a user with cerebral palsy had the option of using on-line entry or pre-
stored content, she only resorted to on-line entry for about 4% of her responses to unfamiliar
partners and for about 7% of her responses to a familiar partner with whom she had regular
conversations (1). In another extension of TALK, a story-telling mode was incorporated to
complement the existing turn-taking mode. In the familiar-partner conversations referred to above,
the user’s conversational rate increased to about 80 words per minute as she made greater use of
extended personal narrative.

IMPLICATIONS

It is now clear that, in principle, a basically pre-storage AAC system, with an on-line back-up
facility, can support relatively effective social conversation for some non-speaking, literate users. It
is strongly argued, however, that in order to achieve the potential of a text-pre-storage approach, it
is necessary for researchers to consider the pragmatics of natural conversation; that is, what
contributes to ‘making it work’ in terms of achieving users’ social and personal goals. It needs to be
recognized that there is more to effective conversation than being able to generate well-formed
phrases that are accurately responsive to what a partner has just said.
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A LANGUAGE ACTIVITY MONITOR FOR AAC AND WRITING SYSTEMS:
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ABSTRACT

Clinical intervention, progress measurement, and research play important roles in leading to
successful outcomes for people who rely on augmentative and alternative communication (AAC)
and/or assistive writing (AW) systems. The Language Activity Monitor (LAM) was developed to
allow actual language activity to be the basis for clinical decision-making, research and outcomes
measurement. The LAM records characters transmitted on the serial port of the AAC or AW device
and adds a time stamp to each character or character string. The recorded information can be
uploaded periodically to a computer for analysis.

BACKGROUND

Improved spoken and written communication is the main goal for recommending an AAC or AW
device. Monitoring outcomes for the expressive communication of an AAC or AW device user
begins with a collaborative team approach (1). Current best practice emphasizes the need for
systematic clinical data collection by teams to infer outcomes (2, 3). Systematic data collection
should include objective measures on language and non-language parameters of device performance
by consumers. Objective language measures document information collected from traditional
language sampling and observational procedures. Language sampling provides information relative
to the semantic and syntactic structures used in context as well as information on mean length of
utterance (MLU) and developmental levéls. Objective non-language measures involve identifying
access method and rate. Systematic data collection of device performance can contribute to research
on the identification of system features and intervention methods that produce the most desired
results. Clinical intervention, periodic progress reporting and research all can be enhanced through
monitoring the daily language activity of individuals using AAC and AW devices.

STATEMENT OF THE PROBLEM

Traditional methods of monitoring AAC and AW device use are based on clinical observation and
video or audio recording with subsequent observation, timing and/or transcription (4, 5). The cost
of this approach is high because of the human time investment. Also, the information is not
immediately available for use. Consequently, professionals seldom perform language-sampling
procedures to collect data on the actual daily environmental use of AAC and AW systems.
Therefore, little research or empirical data exist on AAC and AW device performance by consumers
to substantiate the clinical intervention process, report progress and evaluate outcomes.

RATIONALE

A solution to this situation is the automation of the language data collection and analysis
processes. Efforts made in this area to date are all integral to specific communication or writing
systems (6, 7, 8). Some commercially available AAC devices have included limited features that
monitor use, but none have incorporated time information or provided the function for automated
text editing. For example, the Liberator allows communication to be recorded in a notebook and the
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LANGUAGE ACTIVITY MONITOR

DynaVox counts the number of times a given key has been selected. The LAM was developed to
log actual language activity of AAC and AW consumers in clinical and/or natural environments. The
logged data becomes the basis for clinical intervention, outcomes measurement, and research. As
shown in Figure 1, the LAM connects to the serial output of an AAC or AW device. It records
characters being transmitted and adds a time stamp to each character or character string. The
recorded data can be uploaded periodically to a computer for editing and analyzing. A total system
would consist additionally of an editor, language analysis program(s), and clinical intervention
program(s).

RS-232¢
AAC i

DEVICE

I Figure 1: Hllustration representing LAM connection.  ~ o : R J

DESIGN
The design was a team effort, including contributions and surveyed responses from professionals

and consumers with clinical speech-language pathology (SLP), research and technical expertise.
Design features of the LAM that were identified initially included:

Universal application across many devices

RS-232c¢ input and output

Sufficient memory for meaningful data logging

Real Time Clock for time stamp

Battery power with a charge life of at least one week
Simple Enable, Disable, Upload, and Erase controls
Both pushbutton and serial input function commands
Small size for attachment to AAC devices

e & 6 6 © o & 0O

DEVELOPMENT

The LAM has been developed around a ZWorld LP-3100 low power controller using the
ZWorld Deluxe Dynamic C development tools. C programming provides for ease of development
and maintenance and the potential transport to other hardware. The use of this hardware precluded
the necessity of a hardware development project and the delays associated with that process.
However, limitations may be encountered on the amount of available data memory and the
consumers’ need to set baud rates for compatibility. Additional development criteria have focused

on simplicity of use such as ease of attaching and connecting the LAM to the AAC device, and ease
of disabling the LAM.
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LANGUAGE ACTIVITY MONITOR

EVALUATION

At the time of this writing, evaluation has not been completed. The evaluation plan includes
beta testing and the comparison of the LAM automated data collection method with traditional
language sampling methods from the perspectives of accuracy, effectiveness and cost. In addition,
consumer feedback will be solicited during the Evaluation phase for modifications in the final
product.

DISCUSSION

A component of the development process was the establishment of a protocol for reporting test-
retest results and outcomes. Later phases of the project involve development of editing and analysis
tools that use the output of the LAM. As LAM functions are analyzed, specific features may be
designed into future AAC and AW devices. Therefore, a need for standardization of the protocol is
critical for future application (9).

One important issue in the use of any recording device is privacy. For example, the LAM
used with an AAC device can be disabled three ways to control for privacy. Individuals whose
communication is being monitored should be clearly informed, and public use of recorded
communication should remain anonymous.
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Abstract

In the areas of augmentative and alternative communication (AAC) and assistive writing (AW),
long term monitoring of use for the purposes of clinical intervention, outcomes measurement, and
research is being pursued (1). Information being recorded includes language activity, text
generation, non-language functions, date, and time of day. The logged information is then edited
and analyzed. In order to assure compatibility between various recording, editing, and analysis
features and tools, standardization of the reporting protocol is being proposed.

Background

Principles of evidence-based practice and outcomes management emphasize the need for
standardized outcome measures to support clinical decision-making and evaluate intervention
services. With the shift toward accountability, improving databases as well as integrating them
across service delivery sectors and geographic borders would have a tremendous impact on
outcomes measurement (2). Currently, a validated, easily accessible, uniform data collection
system does not exist that allows us to critically analyze the outcomes related to assistive
technology device performance or clinical intervention (3). Clinicians, researchers and consumers
could benefit from systematic monitoring of AAC and AW system performance within the clinical
setting and daily environments to measure outcomes.

Statement of the Problem

Empirical data from device users are needed to substantiate the effectiveness of AAC models,
technology and intervention strategies (4, 5). However, the impracticality and high cost of
traditional language-sampling and observation methods restricts the monitoring of device use,
especially within natural contexts and activities of daily-living. At this time, automated tools are
being developed for logging the language activity of AAC and AW devices (6, 7, 8). These tools
may consist of monitor, editor, and analysis functions. As the acceptance of data logging grows, the
compatibility of the various monitor, editor and analysis functions will be important.

Approach

The essential function of data logging is the recording of each event and the time that it occurs.
A standardized monitoring protocol would facilitate the widespread application of actual user-
performance data collection.

For a language event, the proposed protocol is:

hh:mm:ss "Any continuous text that is transmitted by the AAC device."
where (hh:mm:ss) represents the time of day in hours, minutes, and seconds using the 24 hour clock
* format. Characters following the (hh:mm:ss) and one space are the characters that were selected on
the AAC or writing system in a continuous sequence with no time between characters greater than
0.2 seconds.
For a non-language event, the proposed protocol is:
hh:mm:ss "*[NON-LANGUAGE INFORMATION IN CONTINUOUS TEXT]*"

For example, consider the individual using an AAC device who is thirsty at a loud party. If he
is using a language representation method that can access the series of individual core vocabulary
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words and phrases "I need ", "something ", "to drink " (spaces included) and then spells
"immediately " using word prediction, starting at exactly 8:37 PM, then the representation for that
series output would be: :

20:37:00 "I need "

20:37:05 "*[VOLUME UP]*"
20:37:06 "*[VOLUME UP]*"
20:37:07 "*[VOLUME UP]*"
20:37:14 "something "
20:37:19 "to drink "

20:37:16 "i"

20:37:20 "m"

20:37:24 "m"

20:37:28 "ediately "

At the beginning of each day, a date notation is made:

*[YY-MM-DD = 98-10-12]*

Certain functional commands could be standardized. The system should provide the individual
with method(s) for disabling and enabling the recording. It may be necessary to set the date and

clock, such as at daylight savings time transitions or when changing time zones, or if the battery
was allowed to fully discharge or needed replacement. Protocols for these functions are:

*DISABLE* Disables the recording.
*ENABLE* Enables the recording.
*HH-MM-SS = XX-XX-XX* Sets the clock
*YY-MM-DD = XX-XX-XX* Sets the date

Implications

The successful development and voluntary adoption of this proposed standard will facilitate the
development and application of tools for monitoring AAC and AW system use. Standardize
assessment tools will make it easier to accumulate and compare aggregate outcomes across various
parameters (9). Standardization of the monitoring protocol will provide comparable, compatible
and reliable quantitative data for a variety of clinical and research applications. This in turn will
benefit people who rely on these systems through improved clinical intervention service, more
consistent, periodic performance reporting ,and more precise and effective outcomes management.

Discussion

One important issue in the use of any recording device is privacy. People whose
communication is being monitored should be clearly informed, and public use of recorded
communication should be anonymous.

Contributions to this standard development effort are invited.
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ABSTRACT

The means for evaluating human-machine interaction in Augmentative and Alternative
Communication (AAC) has not followed the technical advances in the field. We propose the
development of a voluntary standard for AAC device logfiles. An an initial approach and set of
logfile specifications are proposed.

STATEMENT OF THE PROBLEM

Over the last few years we have witnessed a rapidly increasing technical sophistication in
augmentative communication devices. Such achievements include dynamic and animated displays,
advanced prediction engines, hybrid selection algorithms, neurophysiological access methods, and
many other technical achievements. In contrast, methods for measuring these systems have not
progressed at the same pace. One reason for this discrepancy is due to the lack of computerized
research tools permitting the real-time analysis of human behavior and computer processes.

To date, most studies of human-computer interaction in augmentative communication are conducted
either with experimental systems, or by monitoring standard AAC devices using indirect methods
(1,2). Experimental systems provide precise information regarding the human-computer events, but
they may not resemble their real-world counterparts in important ways. Conversely, standard AAC
devices are real enough, but don't provide the means for monitoring the events required to
understand and model how humans relate to and interact with the technology.

Studies that cannot be easily performed with current technologies

Pointing out several studies that currently can’t be performed can best convey the current state of
augmentative device assessment. Note that such investigations could have considerable impact on
bettering the communication lives of our consumers. Moreover, they index a field of research,
which in our opinion, is important and grant-fundable.

Development of navigational skill using Dynavox's paging system. This type of study would focus
on the acquisition of an augmentative communication system. A longitudinal research methodology
would be called for utilizing repeated sampling of user-device interactions in experimental and
naturalistic settings over a prolonged period of time. Logging of temporal, action and location
events and the indexing of content at each page/level would be required.

Performance differences related to static versus dynamic prediction lists. Different selection
algorithms and vocabulary organizations may impact on an individual's performance, especially
with considerable practice. This is another longitudinal study involving the collection of precise
timing data in various communication contexts. Information is needed, at an event level, focusing
on the temporal characteristics of the prediction list display, letter and list selection and the
subsequent display of the selected information.

Real-time performance differences in semantic compaction, word prediction and dynamic display
paging systems. The evaluation of real-time performance differences across AAC platforms
deserves significant attention from researchers in our field. Such studies could be performed in
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Standard Format for AAC Logfiles

both the laboratoi'y as well as the field. Here, we need to identify various system events, contextual
information and accurate timing data. Further, this information needs to be sampled in a similar
manner and formats - across different manufacturers’ AAC systems.

Because of the relative size of our community and relative lack of research resources, cooperation is
essential if we are to make significant advancements. The development of a voluntary standard for
log files would allow the researcher, the clinician and the manufacturer to directly assess
augmentative devices and user's interactions with devices. Based upon a standard logfile format,
we could develop software that would enable manufacturer's to optimize the performance of their
technologies, allow researchers to study how communication technologies are used, and enable
clinicians to efficiently and validly assess their performance and adjust devices to suit their client's
needs. In our own lab, the use of standardized logfile protocols have enabled us to automatically
reduce, analyze and graph over 100,000 device-generated events in a matter of minutes.

APPROACH
Plan of Action

The standardization of a logfile protocol should involve a consensus building process involving the
research, manufacturing, clinical and consumer communities. We propose that the American
National Standards Institute (ANSI) be used to sponsor its development (3). The purpose of ANSI
is to administer the U.S. voluntary standardization system, provide a national consensus process and
to represent U.S. interests in international standardizing bodies. We have developed a website' to
facilitate discussion about a logfile standard in order to help set a focused agenda for the ANSI
Standards committee.

Content and Structure of the Logfile

It is premature to propose a standard protocol at this time; however, we would like to offer the
beginnings of a workable model. There are several kinds of data that need to be included in a
logfile: the current state of the system and context in which activity is taking place, the actions of
the user with the device, the consequent actions taken by the device as a result of the user's input
and derived measures.

State and contextual data would include information about the current system configuration (access
method, dictionary employed), the current state of the user interface (e.g., page), and the message
context preceding the users current action(s). Contextual data may include prediction word lists
functional at the time of the selection as well as the sentence context in which a word is being
spelled out. Timing information may also be considered contextual data. For example, the delay
times of scanning systems may be updated periodically. Contextual data may appear as heading
information or be included in the log file with each update.

User-interactions with the interface constitute another general category of behavior that needs to be
recorded. Information to be logged would include the position and content of the display token
being accessed. Each user-device interaction should be time-stamped. Due to the precision
required to measure many user-device interactions it is recommended that timing information be
recorded at a 100th of a second resolution. Temporal data should initially be calculated in terms of
absolute time; other temporal measures can be derived from these data.

Device actions constitute a wide range of events generated by the AAC device in response to user
input and/or other device or environmental sources (e.g., time of day). Data would include all

! http://www.buffalo.eduw/~cdsjeff/logfile. html 3 9
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navigational pointers, mode and content of information displayed, computer control commands, and
timing information associated with the actuation of these events.

Derived information would include a set of intermediate calculations that can be easily handled by — ~
the device without sacrificing performance. These may include latency and duration information,
determination of user errors, whether interface information has been updated, etc.

How should the data files be set up? One basic consideration is to make logfiles accessible across
Unix, Windows and Macintosh microcomputer platforms. Further, data should be able to be read
in, parsed and analyzed using a variety of general-purpose analysis programs. We recommend that

Software rather than hardware approach

Two approaches may be taken to facilitate data collection. As advocated by Romich (4), a
hardware "box" may be attached to an I/O port to intercept output directed to the data collection
device. This approach has the potential of being used across a number of different devices and
standardizes the downloading of logs to the data analysis system. However, one does incur the
additional expense of the data collection device, it is currently limited to 256k memory and requires
the developer to develop their system to output information in parallel to its operation. This
solution may be problematic depending on the amount of data output. We also recommend a
software solution where the manufacturer creates and stores logfiles in the device’s memory. Files
can be downloaded onto the analysis platform after being collected during a communication
activity. This solution overcomes the cost and dependence on an external data collection system

and may overcome memory limitations.
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ABSTRACT :

Amyotrophic Lateral Sclerosis (ALS) is a paralytic disease which typically results in the inability to
speak, use hand signs or gestures, or make direct selections on a computer or a communication aid.
Many people who experience ALS have great difficulty communicating and using language. A
semantic compaction system based upon the Unity® brand software, accompanied by a word
prediction system is being developed and alpha tested. The encoded component of the semantic
compaction part of the system is reduced from that found in the 128 location version of Unity.
Target training time for the system is estimated at 12 hours.

BACKGROUND

ALS is a progressive disease of motor neurons in the human brain and spinal cord. Paralysis
eventuates and can take away the person's ability to walk, eat, speak, work, and even breathe.
People with ALS depend on the use of AAC devices to generate expressive language. The devices
used by people with ALS include voice output devices, as well as "low tech" devices, such as
spelling or word boards.

The cause of ALS is unknown and there is no known medical intervention to arrest the disease
significantly at this time. The incidence of ALS is estimated at 2 per 100,000 people. At any given
time, there are about six individuals living with ALS for every 100,00 people translating to about
30,000 people in the United States living with ALS (1). About 5,000 people are diagnosed each
year (2). ALS can occur from 20 years of age to well into the 80s, although the most common age
of onset is the mid-50s. Currently, the life expectancy of someone diagnosed with ALS is two to
five years. Half of those affected live longer than three years; only 20 percent live five years; and
only 10 percent survive more than ten years (3).

For individuals with ALS and their family members, the journey that ensues in the course of the
disease is extraordinarily difficult. Because nearly everyone with ALS has difficulty speaking or
loses their speech entirely, addressing communication needs is crucial. As many AAC
professionals have discovered, intervention with people who have ALS is different from
intervention with most other populations of individuals who cannot or have difficulty speaking.
Therefore, it is essential that expressive language programs be developed that specifically address
the unique communication needs of individuals with ALS. :

STATEMENT OF PROBLEM

Several different augmentative communication manufacturers have designed systems tailored for
the needs of people with ALS. These systems both low tech and high have traditionally been based
upon the letters of the alphabet because ALS typically strikes in adulthood and most adults already
know how to spell. However, letter systems, whether manual, eye gaze, or computer based have
certain serious drawbacks. Principle among these drawbacks is the slow rate of communication
when letter systems are attached to voice output in the form of speech synthesizers. The increased
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independence gained through voice output is often negated by the length of time it takes to spell
utterances, even with the assist of word or lexical prediction (4). _ o -

Systems with semantic encoding such as the various Minspeak® application programs (MAPs) have
not generally been prescribed for people with ALS because of the time taken to learn such systems.
For semantic encoding to be deemed useful for people with ALS, a radical reduction in the number
of hours required to learn such systems is needed.

Second, research with direct selection systems shows that semantic encoding can result not only in
a significant reduction of keystrokes (5), but in a significant enhancement of communication rates
(6). Scanning systems, as opposed to direct selection systems, however, have different parameters
for the measure of rate enhancement. In a scanning system, the steps or selections-scanned-through
in order to make a desired actuation must be assessed in terms both of number of steps and amount
of time per step.

Two developments in the past five years have had direct impact on the feasibility of using
semantically encoded systems for ALS. An increasing sophistication in vocabulary selection has
shown clearly that approximately 80 to 85 percent of most spoken language is comprised of fewer
than several hundred different lexemes (root words) (7). Such a reduced target vocabulary has
made it possible to envision a relatively short training period for teaching and learning semantically
encoded lexemes.

The development and patenting of a successful icon prediction approach in which only legally
coded icons are available for selection has reduced dramatically the number of steps needed per
selection in a scanning system. Coupled with the reduction in the number of words semantically
encoded, the icon prediction system produces a radical reduction in the number of steps required in
a 128 location semantic system. These two developments taken together open up for the scanner
the benefits of semantic encoding for the first time.

DESIGN DEVELOPMENT

Since 1987, the Prentke Romich Company has been developing expressive language. Called
MAPs, they have been designed for specific population groups, including preschool children with
severe disabilities, school-paged children, and physically challenged adults. The aim of this project
is to develop an expressive language program that includes three separate modules. A) A semantic
application program uniquely designed for individuals with ALS for use in a dedicated system
which includes a word prediction feature; B) A Low-Tech Communication board paralleling the
semantic application program for use as a training tool and back-up system for the electronic

- device; and C) A training tutorial to teach the system.

The electronic ALS system features the semantically/syntactically represented closed-class
paradigms (personal, indefinite, relative, and interrogative pronouns, prepositions, conjunctions,
modals and auxiliaries) of English, as well as certain common noun, adjectives, adverbs, verbs, and
interjections which taken together comprise approximately 80 to 85 percent of spoken language (8).

The word prediction part of the electronic system will feature a large extended vocabulary which
will have the capability of excluding from prediction the words already encoded in the semantic
section of the system. Preliminary evaluations of the system based upon actuation per word as well
as step per word indicates meaningful lowering both of steps and actuations, especially if the
scanning technique employed is quarter-row column scanning in which a keyboard of 128 keys is
scanned by successive quadrants in a clockwise fashion.

The Low-Tech Communication Board will parallel the semantically encoded electronic system. It
will provide all of the frequently used core vocabulary of the application program along with the
alphabet and additional conversational control sentences such as "you misunderstood me."
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EVALUATION

Two system users in the initial stages of ALS have volunteered to be part of the development
project. Volunteer trainers have been selected from a pool of individuals familiar with the parts of
speech in English. Closed-class paradigms are being taught before high-frequency open-class
paradigm words have been selected. In teaching the closed-class paradigms, the compound modal
auxiliary forms of English are being scrutinized to match completeness against utility. For
example, "could have,” "should have," and "could have been" all occur with a certain regularity in
daily speech. Giving each one of these modal auxiliary compounds its own separate representation
as opposed to allowing their composition by the user would dramatically reduce both the number of
actuations required and the steps scanned for these compounds but would burden the retrieval of the
much more frequently used non-compound forms. In other words, "would” would be longer and
slow to select, but "would have" would be dramatically reduced both in actuations and steps. These
issues cannot be decided on numbers alone. Eventually the feel and the cognitive stress of one
maybe greater than the benefits derived from another. Individual preferences and practical
considerations expressed by users are also being considered in the overall configuration of the
system.

Training time is being isolated from design time in order to assure brief training periods from the
start. User's satisfaction is being assessed through interview. The communication board is
investigated to determine whether it provides an adequate backup communication system for those
times when the individual does not have access to his or her voice output device.

The training tutorial is designed to be used by either professionals or lay persons working with the

individual with ALS. The training tutorial includes step by step lessons designed to teach basic

operations of the voice output device, the vocabulary in the voice output device, and the use of the

igw tech communication board. Instructional design strategies are employed to create and field test
€ materials.
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JOINT ATTENTION AND YOUNG CHILDREN RELYING ON AAC: RESEARCH
IMPLICATIONS FOR AAC INTERVENTION

Cynthia J. Cress, Ph.D., CCC-SLP
University of Nebraska-Lincoln, Lincoln, NE USA
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ABSTRACT

Managing joint attention with communicative partners is essential for successful linguistic
communication. For children who use visual systems such as AAC, various factors including
partner strategies, environmental constraints and expectations, and children’s speed and ease of
communication may all influence the effectiveness with which children using AAC learn joint
attention control within conversations. This paper compares early joint attention behaviors (e.g.
showing an object) in 1- to 2-year-old children with physical impairments based on expectations
from typically developing children. Children at risk for being nonspeaking tended to produce
fewer joint attention behaviors than expected for their language stages, regardless of their relative
language skill. Implications for clinical intervention with young children relying on AAC are
discussed.

BACKGROUND

As typically developing children develop beyond their second year, a greater percentage of their
conversation revolves around sharing ideas, rather than early emphasis on requesting and rejecting
objects of activities. Sharing ideas within conversation requires skills at controlling joint attention,
or paying attention to the same thing at the same time, usually initiated by an action of either the
child or the parent. Joint attention skills are critical for children at early ages to learn the correct
association between words and their referents. Successful language learners acquire very early
skills at checking for the directing adult attention (Baldwin, 1995). Responding to joint attention
cues from adults (e.g. “Look!!” with a pointing cue) is a good predictor of later symbolic language
development in children with disabilities (Mundy, Sigman, & Kasari, 1990).

In classrooms, attention to teacher activity is tacitly expected but rarely taught. This is not unique
to classrooms with students relying on augmentative and alternative communication (AAC), but it
presents a more complicated issue than for children who are primarily vocal communicators. If
children demonstrate difficulty in shifting attention from their AAC system to the teacher’s
behavior, this will influence their learning and use of new language skills for classroom
communication. Many children, particularly children with pervasive developmental disabilities,
have difficulty maintaining or effectively responding to joint attention signals from others. In fact,
joint visual regard may be actively avoided by children with sensory processing problems.

When introducing new AAC language concepts, particularly new picture symbols, partners often
redirect the child’s attention to that symbol rather than waiting for them to discover it and what it
might mean. However, children learn new vocabulary more effectively when the labelling follow
their line of attention than when we try to redirect their attention (Tomasello & Farrar, 1986). For
children with visually represented AAC strategies, the ability to successfully shift and control other
interactants’ attention may influence their skill at communicating with multimodal strategies and
shifting from their own communication system to that used by their communication partners. If
children demonstrate early difficulty with joint attention behaviors, this could reduce their
effectiveness at developing many later communicative skills such as socially referenced
conversations, information sharing, or topic maintenance and control.

RESEARCH QUESTIONS:
1. Do children with physical impairments demonstrate joint attention behaviors with equivalent
frequency as typically developing children at similar language stages, relative to other

communicative behaviors such as behavior regulation and social interaction?

2. What clinical implications for AAC intervention are suggested by young children’s patterns of
joint attention development and use during nonspeaking communicative exchanges?
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METHOD

Subjects. The research results reported here are part of a 5-year longitudinal study of
communicative development in children with physical impairments who are at risk for being
nonspeaking. Children & parents receive 2-4 hour visits in their homes to participate in a variety
of cognitive and communicative measures over a period of 18 months each (6 visits every 3
months). The following data are reported on 18 of 30 children, mean corrected age 18.4 mo.
(range 12-24). The samples of communicative behaviors and test scores are taken from their first
visit only. The children have primary diagnoses of physical impairments and demonstrate risk for
vocal expressive development (McDonald, 1980). Children may have secondary diagnoses such as
cognitive or sensory impairments (with some useable hearing or vision). The children’s average
scores on the Battelle Developmental Inventory (age equivalence in months) were: overall: 8.5
mo., receptive communication: 12.4 mo, expressive communication 9.8 mo.

Measurement: The Communicative and Symbolic Behavior Scales (CSBS) (Wetherby & Prizant,
1993) was administered to all children who demonstrated intentional communication, which at the
first session included only 18 of the 30 children. The CSBS provides nine communicative
“temptations” that prompt children to request and/or comment on play activities, such as presenting
a bag of toys and helping the child pull each one out to show adults. Children’s communication
may be gestural and/or vocal, but must be directed towards an adult to be considered a
communicative behavior (e.g. by looking or reaching towards the adult). Communicative
behaviors scored from videotapes may represent one of three communicative functions: behavior
regulation, joint attention, or social interaction. :

Eighteen children’s scores on the CSBS were analyzed, with one behavior sample per child.
Children’s raw scores were converted to scaled scores from 1-5, based on the CSBS norm derived
from typically developing children at similar language stages (scaled scores are presumed
equivalent across functions and can be compared directly, though not added or subtracted to each
other). A Wilcoxon Signed Rank Test compared children’s CSBS scaled scores for behavior
regulation, social interaction, and joint attention.

RESULTS

Joint attention scaled scores on the CSBS were significantly lower than behavior regulation scores
(Z Value: -2.260, p = .02). No other comparisons in communicative behaviors were statistically
significant. Therefore, children with severe physical and vocal impairments tended to produce
fewer joint attention acts than expected relative to their production of behavior regulation acts,
across all skill levels included in the analysis. Children who rely on AAC therefore seem to be
consistently slower than typically children at similar language stages to use joint attention behaviors
to label or show objects. Scanning the data suggests that children monitor parent or adult attention
within expectations for their communicative rate (using gaze shifts) but are less likely to act to
control a parent’s joint attention

DISCUSSION

Theoretical Implications: Young children with physical impairments who are nonspeaking were
less likely to direct someone else's attention to an object or activity than typically developing
children, and tended to have a greater proportion of their communication represented by behavior
regulation. Both joint attention and behavior regulation behaviors were equally physically
accessible to the children (e.g. showing for joint attention and giving for requesting require similar
physical coordination). The relative limitation in joint attention production may occur for reasons
similar to those that explain differences in imitation (Cress, Reynolds & Andrews, 1998), i.e. that
both types of behavior represent communication as its own end as a "just because" behavior.
Young children with physical impairments may limit their interactive behaviors with motoric “cost”
in circumstances without direct functional or communicative benefits. Since joint attention
accomplishes little tangible purpose other than sharing activities or information, this may not
provide enough of an observable response for children who have considerable difficulty initiating
communicative behaviors successfully. As children grow older, and more of their language- or
age-matched peers conduct conversations around shared ideas rather than requests within shared
activities, a difficulty in expressing joint attention functions may cause difficulties in conversation
in addition to those introduced by the augmented communication modality itself.
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Clinical Implicatiens: If children are at risk for “just because” behaviors like joint attention as a
corollary of their physical impairments, then particular intervention strategies need to be introduced
at very early ages to promote joint attention development and reduce this source of communicative
risk. In addition, the communicative and classroom environment needs to reduce as many barriers
to joint attention as possible, and provide practice in sharing information that is relevant to
children’s own actions. The following suggestions are provided for early AAC intervention:

° Provide early emphasis on responsive interaction feedback, in which partners comment on
children’s behaviors or activity while it is occuring, and help the child shift their attention between
objects or actions of focus and the partner’s face. Social routines around objects may provide a
natural opportunity for child attention to both objects and people within familiar contexts.

¢ Follow children’s attention and labe!l or comment on what they are paying attention to at the time,
using the child’s own AAC system strategies. We may also use these episodes as teaching
opportunities to introduce new symbols or signs, but reduce our verbal redirection of children’s
attention as much as possible in favor of situationally prompting attention and then providing
meaningful labels. _

* Include questions like “what’s that?” early in children’s behavior and/or symbol repertoires, and
model] these phrases frequently in communicative routines.

¢ Include words like descriptors, adverbs, and question words earlier on topic boards, and in
children’s communication systems so that children can make creative and relevant joint attention
comments when they may only be able to access a few items at a time.

* Imitating a child’s own behaviors is an early strategy for fostering turntaking and new joint
attention behaviors. This can be particularly effective for children with PDD (Prizant & Wetherby,
1987). However, children with physical impairment are less likely than language-age peers to
imitate behaviors without a functional context (Cress et al, 1998).
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TALKBOARDS: A SOCIAL CONVERSATION AID FOR LITERATE PEOPLE
WITHOUT SPEECH
John Todman
Department of Psychology
University of Dundee
Dundee, DD1 4HN, Scotland, UK

ABSTRACT

People who are literate but unable to speak can use text-based AAC systems. Entry of text
during a conversation is, however, generally too slow for socially effective conversation. Pre-storage
of phrases can support much faster responding, provided text is stored within an organizational
framework that makes it easy to locate appropriate phrases. TALKBoards has recently been
developed as a text storage and retrieval system to run under Speaking Dynamically Pro™. It has
features that help a user to make an appropriate response to anything a partner says and to take a full
share in the control of conversational direction. Features of the system that permit a relatively fast
conversational rate without compromising quality of content are demonstrated.

BACKGROUND

People who, though literate, are unable to speak may be able to communicate using a text-
based AAC system with synthesized speech output. Unfortunately, the delay between formulating a
response and its readiness for speech output is generally too long to sustain effective social
conversation when text is entered during a conversation. Even with word prediction, conversational
rates with text entered during a conversation rarely exceed 2-15 words per minute and users
frequently resort to telegraphic phrases. They also tend to be forced into a passive role in which they
do little more than produce ‘yes’ and ‘no’ responses to their partner’s questions. It is rare for users
to be able to take a full share in the control of topic content or in the management of turn-taking.

An alternative strategy is to pre-store text ready for retrieval in whole phrases during a
subsequent conversation. If only a few messages are stored, one can be located quickly when it is
needed. As the number of stored phrases increases, however, retrieval difficulties again result in
long delays. In addition to the retrieval problem, there is the difficulty of anticipating what directions
a conversation might take and, even when a particular topic has been anticipated, the stored phrases
on the topic are unlikely to provide precise responses to specific things that a partner says.

OBJECTIVE
A major goal was to develop a text-based AAC system that would permit extensive pre-
storage of phrases of a kind that would allow the user to make acceptable ‘off the shelf’ responses to
most things that a partner might say in an unrestricted conversation. A related goal was to provide
* an organizational framework for storing the phrases that would aid their rapid retrieval and, at the
same time, enable the user to take a full share in controlling the direction of the conversation. It is
recognized that, during a conversation, there will be a shifting balance between the competing
demands of speed and felicity in responding to what a partner says. Another goal, therefore, was to
achieve an effective dynamic balance between these requirements. It will be demonstrated how the
above goals have been met using features that have been developed and evaluated in prototype
TALK systems over the past few years, and that have now been implemented in the commercially
available AAC system called TALKBoards, which runs under Speaking Dynamically Pro™.
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RATIONALE

- The approach has been to focus on the social and personal goals that motivate-casual— —- -
conversation and to attempt to model pragmatic aspects of natural, unaided conversation that seem
to contribute to these goals for participants (1, 2, 3). This approach is justified by the observation
that much casual conversation is concerned less with the accurate transmission of information-than
with enjoyment of the interaction, creating a favorable impression, and so on. Pragmatic aspects of
natural conversation that have been modelled in TALKBoards include the following:

1. Topic development typically progresses in a series of small steps, with both partners initiating
perspective changes that move the topic forward. Common perspective shifts are between talk
about one partner and talk about the other, between talk about events and views relating to the
past, present and future, and between the what, when, how, why, etc. of events or views.

2. In order to maintain conversational flow, when it is not necessary to provide a very specific

response to something a partner says, people often respond with a rather general ‘off the shelf’

comment, such as ‘that’s life isn’t it’, rather than taking the time to generate a novel response.

Much conversational content is recycled, particularly idiomatic phrases and personal narrative.

There is much use of supportive feedback during a partner’s turns at speech.

5. Apologies and clarifications to avoid misunderstandings or confusions are delivered promptly.

W

IMPLEMENTATION \
TALKBoards has the following features: )

1. A central screen area contains speech buttons on which the user enters candidate topic phrases.

2. Which phrases are displayed is controlled by means of perspective buttons down the left side of
the screen. There are three intersecting perspectives: Person (me, you), Issue (what, where,
when, why, how, who), and Time (past, present, future). A separate board is available for each N
possible combination of perspectives. For example, if the me/what/past perspective buttons are
clicked, a board containing phrases relating to ‘recollections of, or views about, things that have ,
happened in the user’s past’ will be displayed. The user can therefore get to any stored topic
content with a maximum of three moves. This organization, which has the merit of being stable
over all topics (4), provides a navigation system that helps users to find their own stored phrases
relatively rapidly in order to (a) respond in good time to partners’ questions or comments and (b)
to move the conversation in directions for which they have appropriate topic content-§tored.

3. At the top right of the screen there is a general comment menu (Sympathy, Hedging, Questions,
etc.). when one of these categories is selected, a pop-up menu displays general comments that
the user has stored. For example, the Sympathy category might contain phrases such as ‘What a
shame’, ‘That’s too bad’, ‘I’'m really sorry to hear that’, etc. The point about these readily
available phrases is that they can provide appropriate responses to many different things that a
partner might say. They are effective for maintaining conversational flow when a more specific
response is not available (5).

4. Buttons for even more rapid (quick-fire) responses are available down the left side of the screen.
These operate in two modes which the user can toggle between: (a) random selection from pre-
stored options and (b) pop-up menus, as for the generai comments. The random mode provides
for very rapid, but non-repetitive, output of one of.several equivalent responses. For example
when the Good quick-fire button is clicked while in the random mode, any one of the following
might be output: ‘that’s great’, ‘fine’, ‘good’ etc. If the same button is clicked while in the pop-
up mode, a more tailored response can be selected from a range of non-equivalent responses (e.g.
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‘Terrific’, ‘Not bad’, ‘ Absolutely amazing’, etc.). Quick-fire responses allow users to make well-
timed feedback remarks and to repair misunderstandings without delay.

5. Administrative buttons for managing the input, location and editing of text are at the bottom right
of the screen, together with an on-screen keyboard button which provides word prediction
support for the entry of text to be stored or for the on-line entry of text during a conversation.

6. Buttons for selection of Greeting and Goodbye boards are provided along the top of the screen,
together with a Stories button facilitating adjacent entry of phrases likely to be output in a fixed
sequence, a Switch button that allows the user to move easily between sets of boards prepared
for various people, contexts or topics, and a temporary Storage button to avoid disruption of a
conversation while deciding where to locate new text entered during the conversation.

EVALUATION

Studies with speaking and non-speaking users have found that conversational rates (including
pre-speech pauses) between about 50 and 80 words per minute are possible using the TALK system,
and enjoyment and social competence ratings have been found to increase with conversational rate
(6, 7). Users have been shown to take a full share in the control of topic direction and high ratings of
the quality of content of TALK-aided conversations have been reported (1, 8). In a recent study, a
TALKBoards user, with the free choice of entering new text during conversations or using pre-
stored content, chose to enter new phrases on only about 4% of her turns at speech with new
partners and on about 7% of occasions with a familiar partner (3). For some literate non-speaking
people at least, TALKBoards appears to meet the objectives that motivated its development.
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PICTALK FOR SOCIAL CONVERSATION
- Portia File, School of Computing - .
Leona Elder, School of Social & Health Sciences
University of Abertay Dundee
Dundee, DD1 1HG, Scotland, UK

ABSTRACT

PICTALK is a computer-based system for supporting casual conversation by people who
cannot speak and who are also unable to read. The available phrases to be spoken are organised
in a framework of intersecting perspectives designed to model the flow of conversation. In
addition, generic smalltalk phrases are available for use when specific content is not available.
These structural features in the system interface are designed to support conversation flow.
PICTALK also offers a simple editing system to allow users to prepare for a conversation by
selecting phrases they think they would like to say.

{ainT alkScreenfo

OBJECTIVE
We have been developing a conversation aid, PICTALK (1), to support the casual
conversation of people, particularly children, who can neither read nor speak. It is important that
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children who have no speech or whose speech is so impaired that they cannot readily be understood
have the opportunity to develop social and conversation skills. PICTALK is a simplification of the
TALK system (2, 3), a conversation aid for people who are unable to speak but who are able to read.
The interface for PICTALK (see above), is designed to be less complex than TALK while retaining
key structural features that allow users to have socially satisfying conversations. These features are
designed to support social aspects of conversation rather than the delivery of information.

DESIGN

" Each picture on the PICTALK screen pictured above acts as a 'button' that, when selected,
carries out an action. The action that a button carries out depends on which part or region of the
screen the button is in. The screen is divided into 3 regions. From left to right in the picture, these
are. a conversation perspective section, a main speech section, and a quick fire speech section.

The sections on the left and in the middle operate together. In the main speech region, in the
center of the screen, the buttons speak phrases with quite specific content that the child has pre-
selected for a particular conversation. In the perspective region on the left, the buttons are organised
as a set of intersecting perspectives that can be used to change the specific content items that are
available in the central region. These intersecting perspectives provide an organisational framework
for the pre-selected phrases that are intended to match the flow of social conversation. In
PICTALK, these perspectives are: (i) you, me (ii) happy, sad and (iii) past, present-future. In the
PICTALK screen pictured above the me/sad/past perspectives have been selected and the phrases in
the center of the screen are appropriate for these perspectives, e.g. “I was naughty yesterday”, “I
pushed my friend in the playground”. As a conversation flows, it is likely to move from one
perspective to another. Each of these perspective changes requires only one button press. For a
child-adult conversation, the flow of conversation might be from talk about things that the child was
sad about in the past (me/sad/past perspectives) to things that the child was happy about in the past
(me/happy/past perspectives) to things that the child is happy about now (me/happy/present
perspectives). ‘Hello’, ‘goodbye’ and ‘news’ buttons also act like perspectives, giving the child
access to phrases for beginning and ending a conversation and to the child’s most exciting, topical
events.

In the region on the extreme right of the screen, each button speaks a quick-fire phrase (or a
random phrase selected from a set of similar quick-fire phrases). These quick-fire phrases are
generic smalltalk phrases that are likely to be useful during any conversation. The quick-fire buttons
are unaffected by any changes in perspective and are available at all times during a conversation.
Much of children's conversation consists of generic smalltalk phases of the kind that are typically
included on these quick-fire buttons (4). These buttons support conversation flow, especially when a
suitable specific response to something a partner says is not available. They could also be chosen to
support important pragmatic features that are present in even young children's conversation, such as
requests for clarification or notices of topic shifts (5).

There is a separate editing facility in the PICTALK system that allows the child to pre-select
potential conversation fragments to be included in each perspective. These fragments will initially
have to be constructed by someone other than the child, but the child can then select which to use
when planning a conversation with a specific conversational partner in mind, for example, when
thinking about what to tell Granny. Then, during the conversation, these pre-selected items should
be easy to find using the appropriate PICTALK perspectives.
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DISCUSSION , o ] ) o

Of course, it is difficult to really plan a conversation and the PICTALK user is unlikely to find
exactly what he or she would like to say. However, the PICTALK system should help a child user
to find something to say which is sufficiently appropriate to maintain the interaction. There is
evidence also that young children may be relatively unresponsive to their partners (5). This may have
the fortuitous consequence that failure to locate precisely the correct thing to say may be less
disruptive of the conversational interaction so far as the child user is concerned. In short, having
selected an appropriate perspective, usually any of the available phrases will do. Further, from
McTear's (5) work, it seems plausible that children may be able to recognise a suitable utterance as
appropriate if it is suggested, even if they are unable to recall and locate it. Therefore, if the child
selects an appropriate perspective and a suitable utterance is available in that perspective, then the
child may be able to recognise it as such and select it.

The prototype PICTALK system is currently being evaluated and it is anticipated that a
commercial implementation will follow.
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Frametalker: A Communication Frame And Utterance-Based Augmentative Communication Device
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ABSTRACT

This presentation describes the design of an utterance-based communication device utilizing a Communication
Frame approach to allow the selection of natural language utterances. Communication frames possess a
schematic structure representing the situational structure off communication events which can be used to or-
ganize semantically and functionally related utterance that tend to arise in typical instances of talk.

BACKGROUND / STATEMENT OF THE PROBLEM

This project involves the implementation of a Communication Frame approach that provides organizational
structures and methods to allow rapid and efficient selection of target natural language utterance constructions.
A system, method and database has been developed for organizing and selecting natural utterance construc-
tions to be used in typical contexts of interpersonal communication. The design is based on the insight that
efficient utterance selection can be achieved by an interaction of three types of communication knowledge: (a)
knowledge of schematic communication structure of typical contexts of communication (frames); (b) knowl-
edge of typical linguistic structures which individuals use in given contexts of communication (constructions);
and (c) knowledge of the semantically related lexical items which will fill the same slot in particular contextu-
alized linguistic structures (fields ).

APPROACH

A communication frame can be defined as an organized collection of language structures that an individual
would typically use with a given interlocutor, in a specific context of communication, and where a particular
topic or situation is in focus (e.g., having a headache, going grocery shopping, the recent football game, greet-
ing and leave-taking) communication (1,2,3,4). A communication frame consists of several parts including (a)
a topic domain and frame hierarchy, (b) component frames and (c) utterance constructions and lexical fields
(5). A cluster of individual communication frames that share similar generic topic interests that share a degree
of internal organization is called a topic domain (e.g., mealtime, illness, shopping). A topic domain typically
consists of a hierarchical structure consisting of different frame levels, extending from superordinate frames to
subordinate frames. A schematic of the structural characteristics of a topic domain and related frames are
presented in Figure 1.

Here we can see that the topic domain consists of a set of hierarchically organized frames addressing talk
about “aches and pain”. The most abstract or superordinate levels contain talk about the generalities of ill-
ness. Descending the hierarchy, individual frames become more specific, with “backache” and “headache”
representing the basic categories. Subordinate frames address the subtypes of a specific illness (e.g., talk
about sinus and migraine headaches). .

Each communication frame typically possesses an internal schematic structure, involving component frames
and utterance constructions (Figure 2). Component frames are smaller sets of meaning structures that are
dedicated to uniquely identifiable typical subtopics or distinct situational portions within the larger communi-
cation frame (e.g., ‘severity’ versus ‘cause’ of pains). The schematic structure that binds component frames
together will vary according to the type and nature of the communication frame (i.e., Does it have a chrono-
logical structure, a partonymic structure, a hierarchical structure, a cause and effect structure?). Component
frames contain utterance constructions. In the Figure 2, the component frames of the backache frame (indi-
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Basic Level Frame

F__fe . Cold Headache Backache
Specificity -
Sub-Frame Sub-Frame
Migrane Headache Sinus Headache

—-“Super” Frame

Aches and Pain 1

Basic Level Frame

Basic Level Frame

Figure 1: Hierarchical organization of a communication frame for the Illness topic domain.

Backache Frame
Component Frame | Compon ] Component Frame 3 Component Frame 4 Component Frame 5
Symptom Location Cause Time Remedy
1 feel sore.*® My lower back hurts. 1 fell down. It just started . Do you have any pills?
It’s a gharp pain . Next tomy shoulder 1 worked too hard. It started an  hour ago . Aspirin hurts my stomach.
I’ve got a backache All over, I was bending over . I get them all the time . Ineed to secmy doctor .
Ithurtsto walk. My back. 1 don’t know. It keeps coming back. Ineed amassage,

Figure 2: Component frame structure and prototypic utterance constructions for the
frame backache. *underlined words indicate varisble slot with a defisult filler.

cated by underlined label) contain semantically and functionally related utterance constructions which flesh out
the different subtopics (or conversational moves) that tend to arise in typical instances of taik about backaches.

Utterance constructions are the representations of the individual communicative acts that are relevant to a
given communication frame. Usually, an utterance construction consists of a variety of linguistic elements
from single words through to multi-clausal structures. An utterance construct may contain a variable slot with
an attached lexical field. This slot contains default filler whose selection is based upon its importance or fre-
quency of use in that specific communication context. Alternative lexical items are represented in terms of a
semantically-based lexical field associated with the utterance construction. Thus, each utterance construction -
in combination with its associated lexical field (i.e., group of semantically related terms) can be used to gener-
ate a potentially large number of different utterances.

IMPLICATIONS / DISCUSSION

The features of the communication frame can be used to structure a database of utterances and develop navi-
gation paths between frames. These categories and navigation paths are based on empirically derived cultural
and linguistic knowledge representations. The communicator then efficiently navigates the AAC system using
some partial knowledge of their native language system together with normal human inferencing abilities. The
resulting utterance-level frame-based technology allows an individual to efficiently select among natural lan-
guage constructions related to typical contexts of interpersonal communication. A four to six - fold increase in
communication rate is estimated for this approach since it takes only one to four selections to retrieve a par-
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ticular utterance. This is compared to present word-based systems that take between 15 to 25 keystrokes to perform the
same task. For the 100 or so topic domains to eventually be mapped out, it is estimated that a commmumication device utiliz-
ing this approach could generate several hundred thousand unique utterances.

The Frametalker software could provide the user with a coherent set of utterances, engineered for the particu-
lar communication situation (j.e., communication frame). The display receives data on the form, content and
organization of the communication frame, then displays the communication frame accordingly. At this point
the user may interact with the communication frame, either speaking or modifying the utterance, or navigating
between frames.

The default features of any particular frame will be matched to the appropriate pragmatic, topic and semantic
specificity dictated by the situation. For example talk about having a *“headache” would, by default, contain
utterances oriented to talk about one’s self in the present tense. The user systematically shifts the pragmatic
aspects of the communication to talking about the addressee’s headache and/or to talk about a past headache.
This “shift” would apply to the relevant pragmatic characteristics of all utterances in the specific communica-
tion frame until the user makes another shift or navigates to another communication frame. Similarly, the user
could respecify the communication frame to be more specific (e.g., sinus headache), more general (e.g., being
sick), or to a related illness (e.g., a cold). Finally, the user is able to alter the semantic content of a particular
utterance by changing the default value of the lexical slot item. In Figures 2 & 3, for example, the user of this
interface could directly communicate, / feel sore. If the user wished to convey a different feeling, he could call
up the lexical field associated with the utterance construction (i.e. body-feelings) to develop a more appropriate
expression (e.g., I feel nauseated). 1t is also important to note that any systematic transformation of the com-
munication frame will maintain much of the original frame organization, thereby making the interface easier to
understand.

The means by which a user makes these selections (e-g., touch item, select button, type code) depends on the
particular means of access and user interface employed. It should also be noted that any full implementation
of an augmentative communication device incorporating Frametalker should include a means to spontaneously
construct utterances through spelling, word prediction and/or encoding. Also, Frametalker could easily be
configured to provide a reduced set of options for individuals with significant language and/or cognitive chal-
lenges. :
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SENTENCE GENERATION USING THE VERB PREDICTION
FOR KOREAN LANGUAGE DISORDERS
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ABSTRACT

In this paper, we developed the augmentative communication system that generated the well-
formed sentence in Korean language by symbols for people with communication disorders. The
system should place a minimal burden on the users. The augmentative communication aids
combine the benefits of pre-stored messages with linguistic prediction capabilities to create unique
acceleration techniques. When the users press symbols, the software predicts verbs, which are
displayed in scanning modes based on semantic marker. In order to generate the well-formed
sentences, adequate postpositions follow it according to verbs for each input word.

BACKGROUND

'AAC (augmentative and alternative communication) is an area of clinical practice that attempts
to compensate (either temporarily or permanently) for the impairment and disability patterns of
individuals with severe expressive communication disorders (i.e., that severely speech-language and
writing impaired) (1). Computers and computer-based technology have become an integral part of
the lives of many individuals with disabilities. One of the most common activities that computer
can assist is the sentence generation. People who can not accurately control their extremities (due
to disabilities such as cerebral palsy and spinal cord injury) use computers as writing tools. People
whose physical disability restricts their spoken output may use a computer as communication
prosthesis. In both cases, the sentence generation is a necessary activity that can be physically
demanding. It should be made as easy for the users as possible (2).

Non-speaking persons who use printed alphabet letters as symbols are using a traditional
orthography system. It is difficult for many non-speaking persons to learn to use written letters for
communication. One of the factors that separate high technology communication aids from low-
technology is the use of pre-stored messages and message prediction techniques (3).

Both methods are called acceleration techniques because their purpose is to increase the speed of
communication. Most of the word-based techniques use a frequency of use formula for prediction.
The software presents word choices based on previously written words. Recently it has been
developed by applying information frequently used by users and syntactic word ordering rules for
prediction.(3) (4).

In this paper we proposed augmentative systems for sentence generation by symbols in Korean
language.

RESEARCH QUESTION

The objective of this study is to develop the augmentative communication system that
generated well-formed sentences in Korean language. In generating sentence, symbols and
symbol sequence are used to represent lots of vocabularies easily within the restricted domain.
There is a limitation of requiring learning and guess in such a.dynamic and static system. So we
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developed systems that predicted verbs suitable for input words based on semantic marker to
enhance communication rate.

METHOD

Vocabulary Selection

It is important to select required vocabularies after location domain
is determined in consideration of users’ environment since this device is
used as portable augmentative communication system. Vocabulary
items can be divided into two basic types; Core and Fringe. ‘Core’ can
be defined as words which are used frequently across situations, whereas
“Fringe’ words are those which are used in specific situation

Typically they are nouns and verbs, and we selected simple
sentence. Fig.]1 shows a representation of a word for an icon within
home domain. If mouse cursor is located at the desired icon, the word -
is displayed below the icon and then the word is represented in the input NS e
words by clicking the mouse one time. Fig. 1 A representation of

ward for ican
S icC ot

The structure of the system is divided into two
large groups, i.e., a dynamic system and a static
system. The dynamic system has an advantage of
easiness of learning, but it can not express many
vocabularies. Therefore the static system
introduces the concept of semantic compaction and
thus - many vocabularies are included in symbol
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sequence. For example, the APPLE+VERB to = run break  increase recognize see
code the code ‘eat’. Similarly APPLE + Fig. 2 The example of the hierarchical relations
ADJECTIVE gives ‘hungry’, and and semantic marker

APPLE+ADVERB gives ‘hungrily’. But semantic compaction has a
limitation for individuals with cognitive impairments.

Verb Predicti

One word has ‘+’ or ‘-’ in semantic marker. This semantic
information can be represented with logical formula. Verbs can be
decided according to subjects and objects. Fig.2 shows the examples
about the hierarchical relations and semantic marker. Different from
English in word order, Korean put the verbs in the last of sentence.
Therefore if symbols are input, verbs are predicted. For example, if
‘Tom’ is input as a subject and ‘cup’ is input as an object, it is
analyzed like this: ‘cup’ is physical and a kind of ‘tool’ and then

Oomain

Vocabulary
Classification
Vocabulary
Selection
Semantic
Compaction
Verb
prediction

Frequency

{earnability

Semantic
Marker

A postpostion | Sienee Generation system predicts the verbs then can be an object like a cup. Therefore
alix Voice output the word ‘break’ can have predicted, but the word as like ‘run’ can’t be.
Fig. 3 The block diagram of Becausg break }rlneans the c};ange of type, but ‘run’ means the change
Sentences generation of location. When a symbol pressed, a word is displayed and a verb
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is selected. Then the postposition is affixed by the word and then a well-formed sentence is
generated.  Simultaneously through TTS (Text To Speech) method, the voice is output.

Fig. 3 shows the block diagram from the vocabulary classification to the sentence generation. In
this paper, we focus on ‘Universal Grammar’ independent of a special language.

RESULTS

The system includes parts of display, control and contents. The display part includes input
words and sentence. The control part
includes the place domain and function of
verbs, adjective, adverb and can include the
core vocabulary. In the contents part, the
icons for nouns of actor part and objects is
located at left side and icons for verbs is
located at right side according to the frequency
of words. And we had the voice output for -
language disorders to be able to communicate
with normal people naturally. Fig.4 shows
the structure of the system in the home domain.
Borland C++ Builder accomplished the
program. Fig. 4 The structure of system

DISCUSSION

In this paper, the augmentative commumcatlon system was designed. The system generates
sentence by symbols for language disorders. It includes the semantic compaction in order to
overcome the restriction of space. Verb prediction was used to enhance the communication rate.
The system can be used as the writing tool for people who could no use their fingers freely.
Symbols have been described in terms of their ‘iconicity’ (ease of recognition). Also the iconicity
of symbols makes keystrokes easy and this approach is useful in promoting literacy. It is thought

_ that this way helps for children to increase power of vocabulary.

For the future the human-computer interaction must be studied in the design process. Also if
the speed of augmentative communication device is enhanced and the algorithm on the well-formed
sentence is improved, it is expected that the augmentative communication system will be more
effective.
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A TALKING DEVICE FOR MUTE ADULTS
Matthew J. Ciampaglia
Assistive Technology Program, Electrical Engineering Department
University of Massachusetts Lowell

Lowell, MA. USA

ABSTRACT
A programmable talking box has been designed for a young man who cannot
speak. The unit can record and play back sixteen separate messages. The

talking box is a portable device that an adult could use to convey messages.

BACKGROUND

The technology behind voice record and playback integrated circuits has
grown dramatically in this decade. In recent years, voice record and playback
chips have been added to products such as cellular phones, clocks, and greeting
cards.! Though these products use the human voice as an enhancement, voice is
not their central feature. The central feature of a talking box, however, is to
record and play back the human voice.

In 1991, Doug Heifner, Sr. asked the Assistive Technology Program (ATP) to
design a talking box for his son, Doug Heifner, Jr., an autistic child with full
mental capabilities. The device was completed and delivered. In January of
1998, Doug Heifner Sr. asked ATP to design a new device for his now 18-year-old
son. He made the second request because his son had outgrown the original
device. The original unit was geared toward a boy in grade school. It was
bright and colorful. Also, due to its size, the original device could not be

carried around easily.

STATEMENT OF PROBLEM

The goal of this project was to design an easy to use talking device that

can be kept on an adult’s body and be used to relay voice messages.

RATIONALE

The first phase of this project consisted of a meeting with the client to
determine in what ways the new design would differ from the old design. The
exterior of the old box was bright and colorful. It was appealing to the client
when he was in grade school. The original talking box looks out of place in the

hands of a young man. The new box should look like a useful device rather than
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A TALKING DEVICE

DESIGN- — — = ~ — = =~ - - o s e e S

The memory of the voice record and playback chip was separated into 16
sections. Pressing one of the 16 buttons on a hex keypad accesses each memory
section. In the circuitry, the keypress gets decoded into a four-bit binary
number. These binary digits become the address inputs of the voice chip. Since
the circuitry utilizes direct addressing techniques, the 16 messages can be
recorded or played back in any order. The same keypress that loaded the address
bits initiates the playback or record action.

A switch on the microphone determines whether the device is in the record
or playback mode. Since the microphone is detachable and is normally in the off
state, it is not possible to enter the record mode without the microphone.
Since the microphone is required to record a message, it is impossible to
accidentally record over a message.

Since the talking box is a portable device, rechargeable batteries power
it. The talking box was designed to draw as little current as possible. The
use of sleep modes and CMOS integrated circuits causes a minimal amount of
current to be drawn, maximizing the time between battery charges.

The voice record and playback chip has a low-power, sleep mode. Taking
advantage of the sleep mode eliminates the need for an on-off switch. The
absence of the switch allows the device to be used without any sort of
initialization. A single keypress allows the user to activate the device.
Eliminating the switch is important because it makes the unit more convenient to
use. The user does not have to fumble with a switch to turn it on. The talking
box is always ready to work. If the user of the device finds it easy to use and
easy to keep'on the body, it is more likely that the device will be integrated
into the user’s lifestyle. The box then becomes a convenient way to interact

with others.

DEVELOPMENT

To be sure that the circuit would work, it was prototyped on a breadboard.
After making a few adjustments, the circuit was synthesized on a copper-clad
board. Then, the creation of the box took place.  Creating the box included
k fér the microphone and a jack for the
battery charger to plug into.

The keypad connects to the device by an eight-wire-wide strand of
ribbonwire. The ribbonwire gives the device flexibility. It allows the user to

place the box on one area of the body and put the keypad on another. For this

O
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project, it was decided that the box would be placed in a pouch and hung from

the client’s belt. From there, the keypad would either be placed into the
breast pocket of a shirt or bundled up so that it could be tucked away in the
pouch.

EVALUATION/DISCUSSION

At 6x3x2 inches in size, the new

device, Figure 1, is smaller than the
original. When it is attached to the user’s
belt, the device looks like a large cellular
phone.

The talking box is easy to use. To
record a message, the wuser plugs the
microphone into the talking box and turns it
on. When the microphone is on, the device
records whatever the user’s surrogate speaker
speaks into the microphone while any button
on the keypad is held down. When the
microphone is off, the device plays a message
when a button on the keypad is briefly
pressed.

Recharging the batteries of the new
unit is a simple process. The user plugs one

end of an AC adapter into the talking box and

the other into a standard wall outlet. It

takes four hours to fully charge the batteries.

REFERECES
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INVESTIGATING THE PERFORMANCE OF SEVERAIL AAC USER MODELS
Bryan J. Moulton, M.S.!, Gregory W. Lesher, Ph.D.!, and D. Jeffery Higginbotham, Ph.D.}
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ABSTRACT

Several AAC user models were evaluated to investigate their accuracy in predicting user
selection time. User models and computer simulations are useful for designing and forecasting
performance of AAC systems. Experimental data was collected from two users engaged in direct
selection. Parameter, estimation and optimization methods were combined to obtain parameters-for
four models. The models (from the 1990 paper of Levine and Goodenough-Trepagnier) predict the
time needed to transition from one selection to the next by considering such factors as distance,
target size, and angle of movement. The modeled selection times were compared to the actual times
for over 15,000 selections. On average, the error in the model predictions exceeded 30%.

BACKGROUND

Many AAC devices use custom interfaces that are designed to increase the user’s
communication rate. Highly probable. characters or words may be presented in more propitious
locations for efficient user selection. By decreasing the physical effort required for each selection,
the user’s communication may be accelerated. For example, the traditional typewriter keyboard is
organized with a QWERTY layout. For someone who is generating text using direct selection, an
alternative layout that keeps frequently used keys in close proximity may yield a higher
communication rate. Based upon this criteria, the QWERTY layout is not optimal. Clinicians
designing systems are faced with the task of determining what types of layouts will assist users and
how various technologies will impact the user’s performance. Flexible AAC devices add to the
challenge by offering numerous combinations of acceleration techniques and interface possibilities.
Additionally, the mental and physical abilities of users can vary widely, further increasing the
complexity of the design process.

Computer simulations have the potential to assist clinicians when assembling devices that are
specifically tailored to the needs of a particular user. Simulations can be used to intelligently
configure and test numerous combinations of AAC technologies in a much shorter period of time
than if tested manually. The key to making this process effective is the development of accurate
models which can mathematically represent the user and simulate communication tasks.

For many AAC users, communication rate is the single most important factor in determining
the efficacy of a device. The time it takes a user to select each letter or language element from the
interface is directly related to the overall communication rate. The models evaluated in this
investigation predict selection time, 7, using several motor-related elements as the basis for the
models. Starting with the simplest of models — using the average time as a prediction for all
selections — they increase in sophistication to include factors such as distance, angle of movement,
and target size. Model 1 serves as a baseline for comparison while modcls 2-4 were obtained from
(1). The models are described mathematically below. Estimated parameters (a, b, ¢, ¢ and &) are in
lower case and input variables (4, W, and f) are in upper case.

1) T=a
2) T=a+b4

> 2
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3) T=a+bA+c(l/W)
4) T=a+bAfcos?( - @)+ &sin?(B - P]172 + c(1/W)
where the inputs are:

A = the distance traveled to make the selection

W = size of the key or target selected

[ = angle of movement

Model 1 uses the average selection time as its prediction for all selections. Although it 1gnores

the dependencies of distance (models 2,3,and 4), size (models 3 and 4), and direction (model 4) that
Fitts (4) and Rosen and Goodenough-Trepagnier (5) have identified, it serves as a reasonable
baseline from which relative performance measures can be calculated.

RESEARCH QUESTION

Given that modern AAC devices can incorporate a multitude of technologies aimed at
increasing communication rate, clinicians are asked to provide customized devices that are tailored
to the needs of individual users. User models can assist in identifying effective blends of new and
existing technologies through simulation. The identification of accurate models is an important part
of this process. This research was conducted to investigate the performance of several user models
by comparing the model predictions to actual user selection times.

METHOD

An in-house AAC software package was used to collect the E] . . E D
direct selection data during an unrelated experiment. This system E] E
has the capability to record log files that track the time, location E] E
(position on the screen), and type (character, shift, backspace, etc.) m E
of all user selections made, providing the data necessary to
investigate the four models. Configured with a simple graphical . m
interface (shown in Figure 1), able-bodied individuals used a _ Eﬂ
mouse pointer to perform direct selection while transcribing text ) }
during multiple sessions. Log files recorded over 15,000 selections FIGURE 1: Simple interface
during these experiments.

Parameters for models 1 through 3 were identified using a simple least squares estimation
procedure (2), while the non-linear model 4 required a combination of least squares and Powell’s
method of optimization (3) to determine its parameters. All parameters were optimized to minimize
the error between the model output and the actual times recorded for each selection.

BBHE

IEBE
HEL
HHEO

RESULTS

Table 1 shows the results of the study. For each model, the optimal parameters and a measure
of the model's average error are presented. Average error provides a single measure of performance
that can be used to compare models, it is defined below.

Average error = Zly =Y "

nis oy
where: n = number of data points (selections)
¥, = measured T for selection i
9, = model predicted value of T for selection i
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Model 1 Model 2 Model 3 Model 4
Test Subject [ T=a -~ }T=a+bA -- T=a+bA +c(I/W) | T=a + bA[cos2(B-¢)+
e2sin2(B-9)11/2 + c(1/W)
Subject A a=0.867 a=0.602 a=0.601 a=0.456
b=6.10x 10-4 b=6.06x 10°4 b=1.59x 103
c¢=0.339 c=0.214
¢ =1039, e=0.35
avg. error: 45.22.% avg. error: 40.24% avg. error: 40.21% avg, error: 35.37%
Subject B a=0.550 a=0.294 a=0.293 a=0.231
b=6.53x 10-4 b=6.51x 104 b=121x103
c=0.167 c=0.121
$=1010,¢ =0.47
avg. error: 48.32% avg. error: 36.66% avg. error: 36.66% avg. error: 32.62%

Table 1: User model parameter estimation results

DISCUSSION

' The average errors of models 2-4 are significantly less than that for model 1, with the most
sophisticated (model 4) yielding an improvement of 9.85 and 15.70 percentage points for subjects A
and B, respectively. The data showed a relatively insignificant improvement of model 3 over model
2. However, one should not discount the importance of target size (4). With the exception of the
space key, the layout used for data collection had graphical keys that were all the same size. Since
this data was collected during an unrelated experiment, target size was not a consideration when
designing the interface. A study utilizing varied key sizes might reveal more significant target size
effects. The results of this investigation suggest that user models can be improved to increase the
accuracy of the predicted selection times. For simulations to prove useful in assisting clinicians in
device prescription, such improvements will be necessary.
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ABSTRACT

The prediction of probable words for more immediate selection has proven a valuable technique
for augmenting the communication of persons with disabilities. Statistical prediction techniques
have been limited to completion of the current word and prediction of the subsequent word. This
study quantifies the impact of adopting higher-order prediction techniques that rely upon increased
word context. Additionally, it establishes the dependence of performance upon the size of the text
used to derive the statistical database. The results suggest that adoption of higher-order techniques
and larger databases can increase keystroke savings by more than 7.5 percentage points.

BACKGROUND

For more than 20 years, word prediction has been an important technique for augmentative
communication. Traditional systems have used word frequency lists to complete words that the user
has already started spelling out. However, more sophisticated predictive techniques based on the
previous word or on syntactic rules have appeared in the last few years. More advanced prediction
methods can provide higher degrees of keystroke savings (percentage of keystrokes eliminated by
integrating the prediction method) which may translate to faster communication rates. Although
several researchers have noted that the increased cognitive load associated with word prediction
may interfere with rapid communication, recent findings have hinted that more accurate predictions
may more than compensate for these cognitive loads (1).

The advantages of increased predictive accuracy are not limited to the keystroke savings
provided by word prediction lists. By providing orthographic and grammatical cues, effective word
prediction can improve the quality (as well as the quantity) of message production for young people,
persons with language impairments, and those with learning disabilities (2). Additionally, word
prediction techniques can be used to disambiguate sequences from ambiguous keypads, correct
spelling errors, and provide more accurate character predictions for scanning interfaces 3).

By exploiting the current sentence context using statistical techniques, a prediction system can
provide more appropriate word choices to the user. In ngram word prediction methods, the previous
n-1 words are used to predict the current (n") word. The ngram data is collected by counting the
occurrence of each unique n word sequence in a large corpus called the fraining text. For
augmentative communication applications ngram techniques have been limited to unigram (n=1)
and bigram (n=2) word prediction, although trigram (»=3) and higher ngram orders are commonly
used in other language-related fields such as speech recognition and machine translation (4).

For ngram orders higher than unigrams (#>1), there is such a large number of linguistically
valid n word sequences that even in extensive training texts some sequences will not appear, or will
occur too infrequently to provide statistically meaningful data. A prediction system must therefore
temper its higher order ngram predictions with lower order, more reliable, ngram predictions. This
is generally done through a linear interpolation process wherein predictions from each ngram order
are weighted by a different factor (4). Even when using this compensatory method, however, the
effectiveness of an ngram prediction model is highly dependent upon the size of the training text.
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RESEARCH QUESTION

The objective of this study was to establish
a set of- performance measures - for -word
prediction using ngrams of higher orders
(bigrams and trigrams) than are typically used in
augmentative communication  applications.
Since the accuracy of ngram prediction methods

Average Keystroke Savings (%)

is highly dependent upon their statistical :; VA | —=—sigram —
reliability, the effect of training text size on 2l | = Unigram |
performance was also investigated. Keystroke i : : :
savings is used as the single measure of 0 500 1000 1500 2000 2500 3000
predictive performance. Training Text Size (thousands of words)

Figure 1: Keystroke savings as function of text size
METHOD

Training texts of sizes ranging from 100 thousand words to 3 million words were constructed
by evenly combining text blocks from the Brown corpus, the LOB corpus, and a collection of Time
Magazine articles. All headings and formatting directives were removed from the training texts.

 Comprehensive ngram statistics were automatically generated and stored for each training text.
Twenty-one experimental conditions were established by combining three different ngram orders
(unigram, bigram, and trigram) with each of the 7 training texts. For performance measurement, 7
representative testing texts of at least 2500 words each were employed. These texts, taken from a
previous study of word prediction (3), varied widely in genre and linguistic sophistication. The
content of the testing texts was independent from that of the training texts.

For each experimental condition, the 7 testing texts were independently generated using a 54
key QWERTY keyboard supplemented by a 10 word prediction list accessed using the F1 through
F10 keys. Keystroke savings were computed for each testing text based on the numbers of
keystrokes used to produce that text with and without prediction enabled. Keystroke savings were
averaged across testing texts to provide a single performance measure for each condition. Because
text selection was premeditated (rather than a random sample), inferential statistics were not
applied. Automation of the entire text generation process made such extensive testing possible.

RESULTS

Figure 1 depicts the average keystroke savings for unigram, bigram, and trigram word
prediction as a function of the number of words in the training text. For bigrams and trigrams,
prediction components were interpolated to maximize accuracy (3). Performance increases with
increasing training text size, irrespective of the ngram order. However, the increase is much more
pronounced for trigrams (7.5 percentage points) than for unigrams (4.5 percentage points). For each
ngram order, the shape of the performance curve is similar — a rapid increase followed by a gradual
decline in the rate of improvement. Note, however, that even at a training text size of 3 million
words, performance continues to improve at a non-trivial rate for higher order ngram prediction.

For a given training text size, keystroke savings also increase steadily with higher ngram
orders. A large jump in keystroke savings is realized when moving from unigram to bigram word
prediction (6.4 percentage points at 3 million words), reflecting the transformation from context-
insensitivity to context-sensitivity. The performance gain in moving from bigram to trigram
prediction is considerably less dramatic (0.8 percentage points), although the difference grows for
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larger training texts. Spot tests with higher order ngrams revealed an even smaller performance
difference between trigram and quadgram (n=4) word prediction, although with larger training texts
this difference may also increase.

DISCUSSION

Predictive performance can be improved by using higher-order ngram prediction techniques
and larger training texts. Switching from unigram to trigram prediction increased keystroke savings
by 7.1 percentage points (at 3 million words), while tripling the training text size from 1 million to 3
million words improved savings by nearly 2.5 percentage points (using trigram prediction).
Performance could doubtless be enhanced using alternative methods, such as syntax-based
prediction, but the simplicity of the proposed ngram methods make them particularly suitable for
rapid incorporation into augmentative systems.

Although performance trends are similar across ngram orders, there are subtle differences
which merit attention. For unigram prediction, performance has begun to asymptote at 3 million
words — the system has learned nearly all it can about how frequently individual words appear.
For bigram and trigram prediction, however, performance continues to improve at 3 million words
— because there are so many linguistically valid two and three word sequences, the system has yet
to derive meaningful statistics for most of them. These results imply that substantial gains may be
realized by utilizing even larger training texts. Such a study is currently underway.

The cost of the performance improvement associated with ngram methods is reflected in the
extended memory requirements for the resulting statistical databases. With today's inexpensive
~memory, however, the adoption of larger databases would seem warranted. Furthermore,
preliminary research indicates that infrequent ngrams can be pruned from the database with minimal
degradation in performance but sizeable reductions in storage requirements. Further studies are
necessary to quantify exactly how these increases in predictive accuracy and keystroke savings will
affect communication rates.
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ABSTRACT

A system for automatic abbreviation expansion was developed and tested for use with an AAC
device. The system blends several technologies in a process that automatically expands user
generated abbreviations while additionally providing spell-checking. Using a series of heuristic
rules and a statistical language model, the system combines a series of rule scores and probabilities
to rank valid word candidates in a list for user selection. Stressing flexibility, the system requires
that users only follow two intuitive rules for the construction of abbreviations. Testing revealed that
the system was able to correctly expand 91.9% of a set of collected abbreviations (using a 5 member
list), reducing keystrokes by 14.8% when used in an experimental communication task.

BACKGROUND

Users of AAC devices have a common desire to increase communication rate over that possible
with current systems. A simple and effective method for accelerating communication for AAC
users is abbreviation expansion (1). Early systems utilized a lookup procedure, where codes were
cross referenced with words or phrases stored in an abbreviation table. Although effective, this
method requires the ongoing effort of memorizing new codes and maintaining an abbreviation table
database. Demasco (2) improved upon this by developing a rule-based system that allowed natural
abbreviations and unrestricted vocabulary access, eliminating the need to maintain a lookup table.
This system is more flexible, but at the cost of reduced keystroke savings and some loss of
generality. Additional functionality to separate misspellings or typing errors from abbreviation
attempts is also important for an effective system. Mistyped or new words can mistakenly be
interpreted as abbreviations and expanded into words unintended by the user. No currently
available system provides a truly comprehensive approach to abbreviation expansion.

RESEARCH QUESTION

The main drawbacks of table lookup systems are the cognitive loads required to memorize —
and later recall — the abbreviations stored in the table. Rule-based systems are inflexible and often
require that the user apply unintuitive abbreviation rules when entering abbreviations. A truly
comprehensive system must be flexible enough to handle a wide variety of inputs, process
misspellings and typographical errors, and easily permit the addition of new words to the system
lexicon — all while allowing the user to generate abbreviations naturally (2). Is there an intuitive
abbreviation expansion system that can provide all of these capabilities?

STATEMENT OF THE PROBLEM

The challenge is to design a system thai can accommodaie the wide variety of abbreviation
strategies used by different individuals. The system must provide users with the ability to generate
abbreviations naturally within an interface that is both functional and effective. Keystroke savings
is the primary goal, but the system must also manage other functional operations such as spell-
checking, editing, and the addition of words to the system lexicon.
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RATIONALE
This new design addresses the weaknesses of the current expansion methods by combining
several new and existing technologies into a flexible and intuitive abbreviation expansion system

that can provide significant keystroke savings.
=
Abbreviation

Rank c Pﬁenl e
Candidates Options

DESIGN

The system requires that the
user follow two intuitive rules for
creating their own abbreviations:
i) the abbreviation must start with
the same letter as the intended
word, and ii) the letters of the
abbreviation must appear in the
same order as they appear in the
intended word (2). Both rules
impose a minimal cognitive load,
encouraging users to generate
abbreviations naturally, saving
keystrokes whenever possible.

All input is first referenced
against a standard lookup table of L
abbreviations. The system allows FIGURE 1: Flow chart of the expansion system
the specification of  strict
abbreviations in the lookup table. Similar to normal table entries, they force the system to exit the
processing stream immediately. If necessary, the system continues processing after the table lookup
and generates candidates which are ranked and ordered for presentation to the user. Candidates are
generated for non-strict table entries and low probability words to correctly process misspellings
that may result in a valid word (4). These unintended errors go undetected by current systems.

Candidates are derived from the system lexicon using the two abbreviation rules and a spelling
checker (4). The ranking algorithm combines a heuristic rule score with probabilities obtained from
the system’s statistical language model to order candidates by likelihood. If none of the presented
candidates is the intended word, the user can invoke a specific action, such as editing the input or
adding the new word to the system dictionary. The system flow chart is shown in Figure 1.

DEVELOPMENT

The system was developed in software and integrated into an in-house AAC package for
testing. Experimentally collected abbreviations were used to train the system and optimize the
heuristic rule scoring algorithm and parameters of the ranking algorithm.

EVALUATION

The integrity of the design was evaluated with off-line testing and experiments involving a
communication task. The offline testing was achieved by analyzing a database of abbreviation-
word pairs (independent of the set used for training). Abbreviations were used as inputs to the
system and the output was compared to the original word. The correct word appeared in a 5 member
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candidate list for 91.9% of the test abbreviations and ranked it as the top candidate 74.3% of the
time. ,

The communication tasks were accomplished by enlisting experimental ‘subjects to perform
transcription tasks and answer questions using a device equipped with the expansion system. The
software package had the ability to generate user log files recording the time and type of each
selection as subjects used the device with and without the automatic expansion system engaged. On
average, the users experienced a 14.8% keystroke savings using the system. However, the
keystroke savings were achieved at the cost of an overall communication rate decrease of 30.8%.

DISCUSSION

The off-line performance demonstrated the potential of the system to properly expand
abbreviations using a variety of natural strategies. When used within the AAC software package
during a simulated communication task, the system provided a substantial keystroke reduction
(14.8%). Despite the respectable keystroke savings, the 30.8% decrease in communication rate was
unacceptable. The experimental data recorded during the communication tasks were examined
manually in an attempt to identify why the subjects suffered such a rate decrease.

The session log files revealed that the subjects failed to experiment with the interface and
exploit the features that would have saved additional keystrokes. Koester and Levine (3) have
documented that the addition of word prediction lists (or other dynamic interface options) will
increase the cognitive load on the user. Perhaps by fully utilizing the system’s capabilities, the
additional savings could have compensated for some of the increased cognitive requirements that
accompanied the candidate list. Additional adjustments to the system interface and training
procedure (to encourage full use of the system capabilities) are required if the system is to fulfill the
potential suggested by the off-line performance and the measured keystroke savings. Subject
comments suggest -that this system can provide intuitive and effective abbreviation expansion.
However, the decreased communication rate and sporadic use of abbreviations suggests that the real
challenge may be educating users to leverage the full power of the system.
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ABSTRACT

In efforts to decrease the numbers of individuals living in state-operated facilities, state funding were
allocated for the provision of assistive technology and services which increase the independent living
skills of adults with developmental disabilities as they are transitioned to community living. To
approach the augmentative communication needs of these individuals a muli-faceted plan was
proposed for one facility. One component of that plan was the use of environmental communication
boards within the adult programs and residences. The focus of this paper is the development of
environmental communication displays for group homes and the strategies used to facilitate the use of

these boards by direct care staff at to provide choice-making opportunities and communication symbol
training.

BACKGROUND

In efforts to decrease the numbers of individuals living in state-operated facilities, state funding were
allocated for the provision of assistive technology and services which increase the independent living
skills of adults with developmental disabilities as they are transitioned to community living. The
facility consisted for 30 group homes with 8-12 adults per household. It was estimated that
approximately 75% of these adults had severe communication impairments and were unable to
communicate effectively using speech.

To approach the augmentative communication needs of these communities a muli-faceted plan was

proposed. The plan included the following:

. Add "communication dictionaries" to the annual speech-language assessment process of all
individuals who are unable to communicate successfully through speech. The communication
dictionaries are descriptions of the way each individual communicates, what methods they use
to communicate and the meaning of specific gestures and behaviors. Share these dictionaries
with all staff who interact with the individual.

*  Modify the current communication training module for direct care staff. Add information about
augmentative communication systems, communication dictionaries, behavior as communication
and strategies for maximizing communication with individuals who are unable to communicate
through speech.

. Provide the facility's speech-language pathologists with direct training and learning
opportunities to develop augmentative communication evaluation skills.

. Develop evaluation materials. Establish resources for borrowing equipment and building a loan
library.

. Provide team evaluations of individuals to identify augmentative communication aids and
strategies to meet their particular communication needs.

. Evaluate the communication needs and opportunities of the programs provided on each campus.
Train program staff on strategies to facilitate communicative interactions and create
communication boards to support those activities.

. Create environmental communication boards to facilitate communication within the residences.
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The focus of this_paper.is the development of environmental communication displays for group homes
and the strategies used to facilitate the use of these boards by direct care staff to provide
choice-making opportunities and communication symbol training.

OBJECTIVE:
To create communication opportunities and training integrated into the daily routine of adults with
developmental disabilities.

METHOD OR APPROACH

Interview Staff To Identify The Vocabulary Needs For Each Home

Speech therapists went to the homes and explained that communication boards were being made for
each home. Staff were shown samples of communication boards and told that these boards could be
used to help them offer choices to residences. It was also explained that in situations when it was
difficult to understand a resident, the boards might help them figure out what the person might be
communicating. The direct care staff in each home were asked to identify the choices available to the
residents in each of the following areas: leisure choices, household chores, television shows, snacks
and places to go on grounds. ' : »

In addition, it was explained that some individuals might learn to be more independent in completing
self care activities and chores if they had a pictured list of the steps for each task. For example, some
adults need verbal prompts to brush their teeth, wash their hair, etc. If they had a list of these
activities, they might not need the staff to stand over them reminding them what to do next. The staff
were shown examples of picture sequences and were asked to identify the verbal prompts they
provide during the following activities: toileting, momning care routine and evening care routine.

Create Choice Boar. Pictured c ith Directives For Staff

Utilizing the vocabulary generated by the direct care staff, eight individualized boards were made for
each home. Most symbols were from Mayer Johnson's Boardmaker software. Some symbols were
modified to be culturally sensitive and others were custom made using the Boardmaker software with
a paint program. On top of each board, were simple directions on how to use the boards. On the
choice boards, the sign said, "Point to pictures when offering choices". On the pictured sequences,
the sign said, "Point pictures when giving directions". The following are samples of two boards
created for one home (Figures 1 &2): :

Point to Pictures
when offering choices
A-building 1 wan! © go visting.
\ Point to pictures n
when giving directions

wpe o |[ usseem ‘ TN Wah nanda bicyde

Figure 1: Toileting Picture Sequence Figure 2: Choice board for places to go
volve Staff In The Process Of Installing Choice i equences

When ihe compieted boards were brouglit to the homes, staff were agaiin toid the purpose of the
boards and asked to verify that the vocabulary was correct. In some cases different staff where in the
homes during the delivery phase than the evaluation phase. This provided opportunity for more staff
to be trained. Staff were also asked for their input as to when each board should be mounted. Specific
examples on how each board would be used was repeated as the board were put up through out the
homes. All boards were laminated and mounted using contact paper. In general, choice boards for
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leisure activities and household chores were mounted in the common area, the television program
choices were placed near each television set, snack boards were mounted on the door of snack
cupboards or refrigerators and the choice board with places to go was mounted near the door.
Toileting sequences were mounted over the toilet paper at eye level and daily care sequences were
mounted in the area near the bathroom sink.

DISCUSSION

The creation and use of environmental boards is not a new concept. It is an approach broadly used
with adults and children (Elder & Goosens', 1994) in educational and training environments. The
turnover of staff in adult programs create a challenge to providing ways to keep staff informed and
motivated to use communication displays. Further transition of programs to community living
introduce new challenges. It was hypothesized that involving staff in the decision making process
would increase support for implemented programs. In addition, it was believed that providing training
within the home and giving examples specific their unique environment would be more effective than
group inservices at general locations. Using this model, training was provided to staff in both the
evaluation and implementation phases. During the implementation phase it was evident that many staff
grasped the idea and purpose of choice boards and pictured sequences. Some independently
identified other pictured sequences that they could use. Some staff identified specific people they
wanted to use the boards with. In two homes, the staff began to use the boards immediately after they
were mounted and the therapist was able to provide feedback while mounting the additional boards.

Systems need to be put in place to maintain use of the choice boards and pictured sequences through
out staff turnover. It is hoped that the use of these boards by current staff will serve as models for
future staff. It is also hope that the printed directions above the displays will serve as reminders as
well as training aids for new staff. Information about the use of choice boards and pictured sequences
needs to continue to be included in the training of new staff. It will also be important to provide

periodic follow up visits to the home, to update vocabulary and respond to any problems as they
arise.

It is hoped that as a result of this program, individuals will begin to use the communication displays in
their environment to independently make request and clarify messages. This will be especially
important for ambulatory individuals who do not carry communication aids or are unable to use
communication displays that are outside their visual field. As these individuals transition to homes
within the community, it is recommended that the home evaluations be completed as described above.
Specifically, direct care staff in the homes should be interviewed to identify the vocabulary needs for
each home, the boards should be custom made to reflect those needs and the boards should be
mounted with input from the staff.
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ABSTRACT

This paper will present a new type of control enhancer, a glider mechanism, to assist an individual
with athetoid cerebral palsy, in accessing his communication device. The glider provides a means of
accessing an electronic communication device (specifically the Dynavox 2C) via direct selection
when all other methods tried were unsuccessful.

BACKGROUND

There are two basic means of accessing a communication aid: direct selection or indirect selection.
With direct selection a person is able to choose randomly from any items in a selection set on a display
or keyboard. With indirect selection there is more than one step required in the process, a person uses .
a switch or switches and a type of scanning to access the device. Often direct selection is considered a
faster means of accessing as the person makes direct contact with the key or message as opposed to
waiting for the device to scan to the desired selection.

For Dominick, a 24 year old man, using his hand to directly select a message or key on an electronic
communication aid was the method he hoped to achieve. Dominick had tried indirect selection
methods but felt these methods were too slow to meet his needs. Dominick has athetoid cerebral
palsy with quadriplegic involvement . He had been using a communication board with large squares
(approximately 2” by 2”) on his laptray. When attempting to access the desired messages on the
communication board he needed to stabilize his hand on the tray in order to control the athetoid
movements in his arm to successfully point to a square or message with his thumb. As the result of an
augmentative communication evaluation, the Dynavox communication device was identified as the
communication system which best met his needs.

STATEMENT OF PROBLEM

Accessing an electronic communication aid using direct selection became a problem for Dominick.
Most communication aids do not allow for stabilizing the hand on the display to access a key or
message. While Dominick could stabilize his hand on the top of the device (outside the

~ communication display) he could only reach the first two rows of the messages. Using the device’s

* built in acceptance delay did not work either as Dominick was unable to lift up his hand to activate
only one key. With a keyguard his fingers either slipped into the keyguard spaces and accessed
unwanted keys, or due to the athetoid movements his hand would hit on the keyguard and he would
scrap his fingers. A control enhancer, such as a pointing device or mobile arm support was ineffective
as he still needed a place to stabilize his hand to control the athetoid movements when pointing.

RATIONALE

In order to meet the client’s desire for direct selection as an accessing method of an electronic
communication aid, he would need a new type of control enhancer which would allow him to stabilize
his hand and fingers yet free his thumb for pointing.

DESIGN
From the evaluation the following design criteria was determined. It would need to:

Allow for stabilization of the hand and four fingers. ,
Allow for the thumb to reach to all areas of the selection display on a Dynavox.
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. Provide visual access to the display at all times.
. Attach to a Dynavox communication system.

A type of movable shelf (later termed glider) which would allow Dominick to stabilize his hand, point
with his thumb and provide access to the entire display ; L

was needed. This lead to the design of a “glider” e

attachment to his Dynavox.

The “glider” is made of polycarbonate material and
drawer slides. A clear polycarbonate shelf ,
approximately * wide and “long, attaches to
modified drawer slides on either side. The drawer :
slides are bolted to a polycarbonate base which attaches = ..
(bolts) onto the Dynavox via four of the Dynavox
keyguard clips.

RESULTS '

With the glider, Dominick is able to stabilize his hand above the display and access a target size of
3/4” by 3/4” with the tip of his thumb. The shelf portion of the glider rises above the display
approximately 1 inch. He pushes the shelf in two basic positions with his hand. The first position is
at the glider’s highest point to reach the top rows of the display and the second position is at the
glider’s lowest point to reach the bottom display rows. Dominick is able to move his hand
horizontally along the polycarbonate shelf to access all areas of the display. With the glider
attachment he is able to use direct selection as a method of accessing his electronic communication aid.
He is also able to use a smaller display area than his communication board with access to more
messages (using a device with dynamic display). With the shelf portion made of polycarbonate
material Dominick is able to see through it to have visual access to the communication display at all
times.

Dominick is now an active electronic augmentative communication aid user. He helps teach classes in
augmentative communication and presents at conferences, often as an invited lecture. In his
presentations he refers to himself as “just another Italian that speaks with his hand”. Dominick plans
to begin a computer training program and he plans to use his communication device to access the
computer.

DISCUSSION

The glider, a type of control enhancer, now provides another option for a person to use direct
selection with their hands as a means of accessing an electronic communication aid. This glider was
designed for the Dynavox communication aid but a working prototype to accommodate several
electronic communication aids has been designed for evaluation purposes.
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EYE MOVEMENT CONTROL UNIT
Sophy Kruth
Phil Tran
Assistive Technology Program
Electrical Engineering Department
University of Massachusetts at Lowell
Lowell, Ma, 01850

ABSTRACT

This paper presents the use of the electro-oculogram (EOG)
signals, which then are conditioned to trigger a speech
synthesizer, multimedia, and environmental control units.

BACKGROUND

There are bioelectric potentials generated in the body, which
produce ionic currents. When we move our eye biopotentials
are generated. These biopotential are called the EOG. As we
look up, the upper areas of the eyes tend to be more positive
than the bottom part of the eyes and vice-versa. The same is
true for looking left or right. The most common electrode,
silver silver chloride, can be used to act as a transducer, and an
instrumentation amplifier can convert the ionic currents into
electrical voltages so that electronic comparator
instrumentation can be used to output digital controls.

STATEMENT OF THE PROBLEM

There are approximately 30,000 people that have cerebral
palsy. Cerebral palsy is a disorder of movement and posture.
Most people are usually paralyzed from the neck down. In
these cases the people would rely on their eye movements to
communicate with others. The client that this device is
designed for also has cerebral palsy since birth. He has been
looking up and down to correspond to yes and no answers. He
is unable to speak, so we need to design a device, which will
accommodate his needs in provide a way of communication
and control of his environment.

DESIGN

The design approach consists.of an EOG amplifier stage,
TTL comparator, scanner, speech synthesizer with speakers,
environmental control X10, and a T.V.-Stereo remote control.
There is audio feedback to indicate the position of the scanner
before it executes the command. Three electrodes would be
place on the head, one on the forehead, one under the eyes on
the cheek, and the third one behind the right ear for the
grounding point. These three electrodes would be mounted on
an eye glass frame. First the electrodes will convert the ionic
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currents into electronic currents. Then the EOG amplifier
stage will amplify the difference in voltage between the two
electrodes to many thousand times stronger, which will then
be fed into a filter followed by a TTL comparator. The
comparator will take this input and output a logic of 1 or 0 to
activate the TTL decoder and scanning device similar to
environment control scanners which are commercially
available.

EOG TTL _Scanner
Amplifier Re Comparator Ra

Control Devices

Grounding Electrodes
Potential

Figure 1: System Block Diagram

EVALUATION

Once the EOG amplifier stage was designed and constructed,
we were able to record a reading of the EOG signals. The
measurement result is shown in Figure 2. As the eyes move
up and down, the voltage fluctuates up and down as well. The
sharp drop where arrow is pointing represents the instant the
eyes look down. The signal always measured to 400ms +10%
and not dependent on the voltage drop. This allowed for an
active filter to be applied which cleaned the signal of none
definite eye movement interference. All other signals after
this point were eliminated with a bandpass filter. This
downward slope can be used to edge trigger many
applications. In our case, the signal will be used to trigger on
a scanner with voice feedback.

FMRID4, FLOKE & PSILIFS

T LA VNA

BTOY )
Al halvs Jezngion » <

Figure 2: EOG Signal
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DISCUSSION

There are biopotentials around the eyes that can be amplified
and used in many different applications that allow control to a
person with disabilities where no other control options are
available. An example is our test client who has cerebral
palsy and is unable to manipulate any of the standard control
devices presently available. This EOG detection device with
comparator and digital output was built with a component cost
of under $130.00. Applications of this device for control
expansion is only limited to the imagination and presents the
return of control of environment and communication lost by
physical disabilities.
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SUPINE COMPUTER WORKSTATION:
HOW TO LAY DOWN ON THE JOB AND NOT GET IN TROUBLE

Alan J. Harp, Industrial Designer
Julius T. Corkran, Industrial Designer
Center for Rehabilitation Technology
Georgia Institute of Technology
Atanta, Georgia

ABSTRACT

As computers become more and more prevalent in our daily activities, the computer
workstation needs to become more adaptable to a greater number of users. For persons with mild to
severe back pain, sitting at a desk using a keyboard for an eight hour work day may be unbearable.
The ability to take pressure off the back while working is a necessity, but practically impossible
using standard office equipment. The Supine Workstation was developed to alleviate this problem
by providing a method for relieving back pressure while continuing to work at the computer.

BACKGROUND

The development of the Supine Workstation began when the design team was presented
with a client employed as a computer securities specialist for a large corporate bank. This job
required continuous computer usage throughout the workday. His office was equipped with a
standard office chair, desk and computer with no special ergonomic considerations. He experienced
extreme back pain while working and required frequent time off to recuperate from the day’s work.
The client has had two surgical fusion surgeries with orthopedic appliances in the L2-L5 region of
the spinal column. The surgery addressed a degenerative disk disorder but he continues to
experience chronic low back pain.

STATEMENT OF PROBLEM

The client was a respected and valuable employee of the bank, but sitting upright in his
regular office chair applied too much pressure to his spine. As his pain became more intense, he
was no longer able to work a full 40 hour work week. The only relief would come from laying on a
bed or the floor for a few minutes to relieve the pressure. Due to the amount of recuperation he
required, his weekly input had dropped to 30 hours. His employer was willing to accommodate him
in any way possible, but could not find a viable solution to allow the client to continue working full
time.

A thorough search for products to accommodate the client’s needs was performed, with no
positive results, Several products were found that addressed the need to change from a seated to a
standing position. While this allowed for position change during the day, it didn’t accommodate the
need for the supine position required by the client.

APPROACH

After much consultation with the client about his pain relief strategies, it was decided that
the ideal situation would allow for computer usage in the upright seated position and in a fully
supine position. To accomplish this, the Supine Workstation was developed.

The Supine Workstation is designed around a BackSaver recliner. Changing the position of
the recliner and attached Workstation requires no motor assist, as the recliner and workstation are
fully counterbalanced. The device allows the user to recline from a fully upright seated position to
a supine position, maintaining the relative position of the user and computer. See Figures 1 and 2.
A 21” flatscreen monitor and an integrated trackpoint / keyboard rotate with the user on an axis
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16.5/8” below the rotating axis of the chair. This offset axis provides the optimum arc for the
computer components relative to the user. A 5/8” diameter stainless steel torsion spring mounted in
the frame of the workstation provides the counterbalance for the weight of the monitor and
keyboard. The flatscreen monitor was used for weight savings and to provide a large visual
interface for the user.

To use the device, the client sits in the chair and pulls the roller bearing mounted monitor
and keyboard tray over his lap. Independent adjustments are provided for the keyboard angle,
height and depth as well as for monitor angle. See Figure 3. The monitor / keyboard unit may be
rotated independently of the chair to provide the desired viewing distance for the monitor. These
adjustments may be performed at any degree of chair recline. The computer, disk storage, and
speakers are all located to the right of the user within easy reach. Additionally, a small writing
surface is located above the CPU holder. See Figure 4.

Figure 3. Figure 4.
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EVALUATION

The client has been using the original device for two years in his home. After some minor
adjustments to-the mechanism, he has had no problems with the workstation. More importantly, he
has retumed to working a full 40 hour week.

Originally the mouse was not used by the client for input, as most of the work involved
numerical input. After a short time, a mouse and mouse pad were attached to the keyboard tray.
This proved problematic when the chair was tipped back to full supine. A new keyboard with
integrated joystick mouse was installed and the mouse was removed. This solved the problem of
the slipping mouse and lessened the movement required of the hand for using the mouse.

DISCUSSION

The Supine Workstation is installed in the client’s home, as he telecommutes three days a
week. On the other two days, he works at the bank headquarters for meetings and face to face
interaction. To provide a low cost solution for his small office, a reclining office chair, adjustable
keyboard mount and pivoting monitor stand were installed. This solution did not provide the
amount of recline or flexibility he desired for pain relief, but is acceptable since his hours at the
office are less than 12 hours per week.
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THE MISSING MODALITY: TACTILE MANIPULATION OF ELECTRONIC
CURRICULUM

Jutta Treviranus, Linda Petty
Adaptive Technology Resource Centre
University of Toronto

Abstract

Presently, Internet or Intranet delivered curriculum does not simulate the experience of touching
and manipulating objects or environments (referred to as haptics). This restricts the number of
subjects that can be effectively taught, and the types of students who can access the curriculum.
This paper describes a project that will develop software applications that make it possible to
deliver curriculum that can be touched, manipulated and heard over the Internet or an Intranet. Both
the necessary software tools and exemplary curriculum modules will be developed. Developments
will be based upon the 3D ISO standard VRML, and a Haptic API developed by Haptics
Technology Inc. T

Statement of the Problem

Successful instruction of learners who are blind or students with learning disabilities, who favour
tactile learning styles, is heavily dependent on touch and tactile manipulation of physical objects
and models. Human beings begin life as multimodal learners. A child's natural instinct is to touch,
manipulate, see, smell and even taste a new object. As the child matures, socialization favours some
learning styles over others, but recent research has shown that many new concepts and skills are
better integrated when more than one sense or modality is engaged in the learning process. No
teacher would question the value of hands-on learning or practical demonstration. The result of our
social bias toward the use of the auditory and visual channel has resulted in the well documented
phenomenon of visual and auditory information overload (1).

For reasons of pedagogy, economics, access and efficiency, an exponentially increasing amount of
post-secondary, secondary and elementary curriculum is being offered over the Internet, the World
Wide Web, or an Intranet. With the transition to electronically delivered curriculum the modalities
of touch and tactile manipulation are not presently available. From an access perspective, there are
compelling reasons to add tactile manipulation and 3D audio to education delivered at a distance;
luckily compelling reasons exist for all learners. Reasons to add haptic capabilities to electronically
delivered curriculum include:
1. Some subjects, such as subjects involving sensorimotor skills or skilled manual tasks, are very
difficult if not impossible to teach without hands-on experience
2. A large number of students learn optimally when their tactile sense is engaged and they are able
to manually manipulate objects. This can be intensified for students with learning disabilities.
3. Students who are blind require tactile models that are flexible, scalable, and include dynamic

linkino ta relevant information
lming vant information,

Woivaw

VRML

Virtual Reality Modeling Language (VRML) is a description language for three-dimensional
objects, widely accepted as a 3D standard for transmission of 3D objects and environments over the
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World Wide Web. Because of its relative compactness, VRML is the primary language used to
transmit courseware involving 3D simulation over the Internet, the World Wide Web, or over an
Intranet. Presently the VRML standard does not have provisions for haptic rendering or control, nor
is it accessible to people with disabilities.

Haptic Technology

"Haptics" is a term that encompasses both the sensing and action involved in touching and
manipulating. The primary reason the haptic modality is often the preferred mode of exploration is
that it is the most active and interactive. Unlike the visual and auditory modality, by its very nature
it is bidirectional and interactive. We manipulate the objects we are sensing in a continuous action-
feedback-reaction loop. Thus many people do not feel they have really "seen" an object unless they
have handled it and explored it using their haptic sense. Although VRML does not presently support
the haptic modality, devices which display haptic information and allow haptic control are
available. Haptic devices may be viewed as computer peripherals forming combined display/input
devices. Where computer graphics addresses vision, "haptic" is concerned with touch and
kinesthesia. Haptic devices make it possible for users to "touch," using their own hands and fingers,
objects presented on computer displays as if they were real physical objects.

The Project

Extensions to VRML

Unfortunately, VMRL does not presently support haptics and physical models. Significant
development efforts are required to add haptics and related modeling of solids to VRML.
Preliminary studies conducted by Evan Wiess (3) show that three fundamental problems must be
addressed in order to incorporate haptics in any VRML environment. First a method for specifying
haptic properties must be developed. These include friction, damping, texture, vibration, etc. VRML
does not provide a node for specifying these properties directly, however VRML does support a
protonode which can be used to extend the VRML language. A multimodal protonode will be
created that will include the specification of haptic properties. This node will also be used to group,
position and orient multimodal information. Next a representation of the haptic device must be
integrated into the VRML world. Finally, interaction between haptic devices and VRML objects
must be specified.

Enhancements to the TouchKit

A generic, robust and modular software driver is required to display and control the extended
VRML environments. This system should be device, system and application independent. This
would allow different types of haptic devices to be connected to VRML applications, including 2D
devices (such as the PenCAT) and 3D devices (such as the PHANToM). The system must also
fulfill realtime requirements for haptic systems while using the real-time limitations imposed by
VRML. TouchKit will act as the base technology for this software driver.

Courseware Authoring Tool for Educators

3D simulation courseware will not become popular unless there are tools which allow educators to
easily create or modify this courseware. Existing tools are created for programmers with specialized
3D rendering skills. What is needed is a user interface shell which provides an easy to use front end
to a collection of necessary utilities. This front end must use language and metaphors which are
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understood by the average educator and provide choices which the educator wishes to have
available. .

Model Courseware Application 1

The first exemplary courseware module will teach targeted curriculum in allied health education.
Curriculum that involves anatomical visualization and teaches palpation will be selected. Targeted
learning outcomes will be identified. The specific anatomical structure will be rendered using
VRML, the VRML extensions and the enhanced Touchkit. In addition to traditional interactive
exercises, the courseware module will include a monitoring or biofeedback capability that allows
the student to objectively monitor their actions (e.g., the location and amount of pressure) and
compare them to the ideal. The relative success of meeting the desired learning outcomes using the
courseware will be determined through controlled user trials.

Model Courseware Application 2

The second module will provide geography curriculum to students who are blind. A full array of
geographic structures will be mapped to haptic, auditory or combined modalities. Thus, students
will be able to feel cities; from the associated tone which occurs when they encounter the city they
will be able to determine the approximate size of the city. By pressing on the city they will hear the
name. The student can choose to zoom into a specific location and query a large database of
associated geographic data. If they want information on scale or relative location they can turn on a
haptic grid which may feel like a number of strings or elastics strung over the map. Efﬁcacy and
usability will be determined through controlled user trials.

Summary

This project will add haptic and multimodal capabilities to the 3D standard, VRML. It will make
VRML courseware accessible to students with disabilities, thereby providing a cost effective,
flexible and powerful method of teaching spatially and graphically based curriculum to students
who are blind or students who require tactile input in order to process new concepts. The project
will also provide risk free learning environments for students learning manual skills such as
physical therapy or skilled trades.
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COMPUTER ACCESS CONSIDERATIONS FOR A PRIMARY-SCHOOL-AGE USER
Yuichi Tamano, MS
Center for Rehabilitation Technology
Helen Hayes Hospital
West Haverstraw, NY 10993

ABSTRACT

Margaret is a 10-year-old girl with severe limitations in upper-extremity strength and
mobility as a result of spinal muscular atrophy type II. She is entering the 5™ grade in a mainstream
classroom. She wants to be able to use a computer to independently complete her assignments and
participate in other computer activities. A wide variety of alternate input methods were considered.
A combination of continuous speech-recognition and an onscreen keyboard were recommended.
Special considerations for her age and school setting were made.

BACKGROUND

Margaret is a 10-year-old girl with a diagnosis of spinal muscular atrophy type II. She has
no functional movement in her lower extremities. She is independently mobile in a power
wheelchair with a joystick. She has bilateral elbow flexion contractures and limited upper extremity
strength. She is unable to raise her shoulders against gravity or move her elbow when it is resting
on her laptray (which she keeps on the chair at all times). During a spinal fusion operation one year
ago, she suffered damage to the radial and medial nerves of her right forearm and hand.
Consequently, she has decreased strength and movement in her right hand, and was forced to
become left-handed. Independent feeding and writing were no longer possible.

When she was referred to a hospital-based assistive technology program for a computer access
evaluation, Margaret was entering her first year in a mainstream middle school (fifth grade).

During the previous year, she dictated most of her school assignments to her full-time aide. She had
a computer at home as well as one available for her use in the classroom. However, typing was too
slow and fatiguing to be functional. Due to her limitations in movement, she was unable to reach
the entire keyboard with her fingers. In order to reach all of the keys, she used a pencil held in her
hand as a typing stick. She was using a trackball for adequate mouse access. She was very active in
using the computer for various academic and creative activities, but her aide actually operated the
computer.

OBJECTIVE

Margaret, her father, and her aide felt that she should be more independent in completing her school
assignments and in operating the computer for other activities at home. They were also concerned
about the reliability of new aides in the middle school and the availability of computers in the
middle school, where Margaret would be travelling from class to class. Therefore the objective was
to provide her with an independent and efficient means for her to operate the computer at school
and at home.

METHOD

After an initial interview was performed and goals were established, Margaret's current method of
computer use was observed. It was immediately clear that this was inadequate. Since the priority
was for Margaret to be able to complete homework and school assignments on her own, text-entry
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options were considered first.

Due to her limited range of motion, smaller keyboards seemed like an option. A brief trial with a
Datalux compact keyboard revealed a slight increase in ability to reach the keys, but increased
difficulty in depressing them. A TASH Mini Keyboard was tried, but Margaret lacked sufficient
strength to activate the keys. Finally, a Magic Wand keyboard was considered, but was too small
and sensitive for Margaret to accurately control (her ability to manipulate the Magic Wand stylus
was limited by the weakness of her hands).

Since one of the limiting factors was her inability to move her elbow on her laptray surface, a
bilateral forearm orthosis and a deltoid aid were tried. Although the BFO did improve her ability to
raise her hand to her mouth for feeding (another goal of hers), the deltoid aid provided greater
overall range and control. Margaret's lateral movement was greatly increased, but fine control was
decreased. She also had continuing difficulty exerting adequate force to press the keys on a
keyboard.

At this point, it was agreed that physical keyboards would be inadequate. The option of voice-input
was discussed. Margaret had previous experience with Dragon Dictate but had found discrete
speech recognition to be too awkward and slow. Although she was young for a speech-recognition
system, she appeared to have a high level of maturity and had already demonstrated her aptitude for
computers. We decided to consider continuous speech.

Initial trials with Dragon Naturally Speaking were completely unsuccessful. Margaret was unable
to obtain any recognition during the first stage of training. Margaret's voice was highly intelligible,
but was high-pitched and breathy and had a tendency to fade in volume at the end of each phrase.
An attempt was made to bypass some of the initial stages of training by having someone else read
the passages, but Naturally Speaking still refused to recognize any of Margaret's speech.
Adjustments to the input-settings did not correct this problem. Research revealed that others had
had similar problems in using this version (v2.0) of Dragon Naturally Speaking with children.

Another continuous speech-recognition program, IBM Via Voice 98, was tried. Initial recognition
during training sessions was poor, but after many adjustments of the "speed” and "accuracy"”
settings, Via Voice 98 finally accepted Margaret's voice. Although the reading level of the training
passages ("Treasure Island") was a little high for her, with someone reading the passages to her first,
she was able to quickly and smoothly get through the training. Text-recognition was reasonable,
although command recognition was poor until the "Computer please" prompt was enabled for all
commands.

Speech-recognition with IBM Via Voice 98 now appeared to be a viable method for quick text
input. Although using this system during class could be disruptive, since Margaret had already been
dictating in-class assignments to her aide, it was decided that she could dictate to her computer
during class as well. However, there will be times when dictating in class will not be appropriate -
for example, during tests. An alternate text-input method was desired.

Margaret’s control with a trackball was accurate, but rather slow. She tried a touch-pad and was
able to use it with high accuracy and speed. With the touch-pad, she was able to operate an on-
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screen keyboard easily. Although this was not a fast input method, it was much faster and less
fatiguing than her previous typing method on a keyboard. Margaret also quickly understood how to
use word-prediction and abbreviation expansion.

The final recommendation was for a high-end laptop computer (to allow portability between classes
and to home), IBM Via Voice 98, a touch-pad (built into the laptop), Wivik2 with the rate-
enhancement package, and a Canon BJ-50 portable printer (to allow her to print in-class
assignments). It was recommended that before she start using Via Voice in school, she should
practice using it at home until she became proficient.

RESULTS : .

Margaret has now had her computer for two months. She immediately began using the touch-pad
and the on-screen keyboard at home and at school. She is now using it to complete in-class
assignments and to write letters and email. Due to a recent illness, she had not yet started practicing
using Via Voice 98. She finds the computer useful in school, and one of her science teachers came
up with a new way to incorporate Margaret's computer into class-work. During a chemistry
experiment, Margaret was unable approach a lab counter close enough to read the measurements on
a beaker that was sitting on a burner. Margaret's teacher used a digital still camera to take close-up
pictures of the beaker during different stages of the experiment. She then put the pictures on
Margaret's computer so that she could look at them and answer questions relating to those
measurements. :

DISCUSSION S

Although Margaret is younger than most continuous speech-recognition users, several factors made
her a good candidate. Margaret is-an intelligent child who was already quite involved with
computers. She also has an aide and a father who encourage her to use the computer and are
computer-literate themselves. Although it may be some time before she is able to use speech-
recognition functionally, by starting at such a young age, she will have the opportunity to become
proficient by the time her academic program requires her to write more lengthy assignments.

To accommodate her academic setting, Margaret required input modes that could be adjusted to
different situations that are likely to arise. Voice-input may be fine for general assignments, but for
tests and other quiet times the on-screen keyboard with word prediction may be more appropriate.
During spelling tests, the word prediction may need to be turned off. Since Margaret has an aide in
school who actively enicourages her to be as independent as possible, Margaret will receive the
support she will need to make these constant changes.

Finally, Margaret's system will need to be adjusted as she gets older and her scholastic needs
change. She may need greater support for math and science assignments; a method of taking notes,
or more accommodations to increase her access to laboratory activities (such as the one her science
teacher developed). Using her new computer access tools, Margaret will be well prepared to face
these challenges. .

Yuichi Tamano, Center for Rehabilitation Technology
Helen Hayes Hospital, Route 9W, West Haverstraw, NY 10993
(914)786-4808 Fax: (914)786-4951 Email: ytamano@bigfoot.com
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THE EFFECTIVENESS OF
SPEECH RECOGNITION TECHNOLOGY

Paul J. Schwartz and Joanna Johnson
Assistive Technology and Assessment Center
University of Wisconsin-Stout
Menomonie, WI 54751

ABSTRACT

Speech recognition technology (SRT) has the capacity to enhance opportunities available for persons
with disabilities, yet very little research has been done to support its effectiveness. This study describes
the effectiveness of SRT systems installed by one rehabilitation institute. Those surveyed included 28
persons who had disabilities. SRT was thought to be at least good or better by 75 percent of user
subjects. While 67 percent of users found the two sessions of SRT training helpful, 75 percent of the
subjects felt they needed more training. Fifty-one percent of the subjects type at 20 words per minute
or greater (self reported). ‘Paper handling was an issue for 46 percent of the subjects. There also
appears to be a correlation between severity of disability and perception of the value of SRT.

BACKGROUND

Little research has focused on the effectiveness of voice recognition computer technology (SRT) for
persons with disabilities. The research that has been conducted has generally found SRT to be helpful
for persons with disabilities, but the results have been difficult to quantify or compare (Chamberlain,
1993; Goette, 1995; Day, 1995). Chamberlain (1993) found that 16 of 18 users of SRT said that it is
“leading to a significant increase in the quality of their lives, and the remaining two said they thought it
would”. Chamberlain attempted to measure the effectiveness of speech recognition technology through
a survey of several measures, including listing tasks SRT is used to complete, reporting the actual
amount of time voice recognition technology is used, and rating the increased ability to produce written
correspondence.

Goette (1995) identified several factors leading to the successful use of speech recognition
technology including the user’s perceived benefits of using voice recognition technology, and the user
noticing results of using voice recognition technology. Goette also found that successful users used SRT

" for all of their computer tasks. Both Goette and Chamberlain used subjects with mobility impairments.

In a study examining SRT with another disability population, Day (1995) examined the effects of
speech recognition on writing skills for community college students with learning disabilities. This study
found that two of the three students studied wrote higher quality essays with speech recognition input
than with traditional keyboard input. This suggests that SRT may assist some students with learning
disabilities to improve written communication.

RESEARCH QUESTIONS

The objective of this paper is to describe user perceptions of SRT. Included in this description are:
user perceptions of the SRT training they received, user reports of the amount of time they spend using
SRT, and user reports of the challenges they have encountered in using SRT.

METHOD
The population identified for use in this study was all persons with disabilities who had received
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Speech Recognition Technology
discrete word SRT systems from a University-based assessment center prior to June 30, 1997. SRT
recipients generally received two full days of on-site training including an initial day of training and a
follow-up training session. Of the 44 clients initially identified for use in this study, 28 chose to
participate in the study. Disabilities identified included carpal tunnel syndrome, learning disabilities,
multiple sclerosis, muscular dystrophy, quadriplegia, and other disabilities resulting in limited ability to
use a keyboard for computer input.

Training

Training consisted of two sessions within a period of one month. In the introductory training
session, the user’s voice was trained and dictation and command and control skills were learned, drilled,
and demonstrated. The session was completed when the user could successfully open a word processor,
type text into a document, and print the document. The session time varied from approximately two to
six hours at the user’s home or office, depending on the user’s ability and prior knowledge of computer.
The users were then instructed to work through the chapters in the software manual independently.
Telephone support was available during business hours. A follow up training session was scheduled
within one month of the introduction session, based on the comfort level and readiness of the user. This
session reviewed the skills from the first session, with shortcuts and advanced features demonstrated and
practiced. This session ranged from two to six hours.

Survey

A 29-item telephone summary was developed, based on the previous research in this area, the
professional opinion of the trainer, and the goals of this research. A four person pilot study was
conducted to refine the survey. The survey consisted of multiple choice, yes/no, seven point scale and
short answer. Some sample questions included “Did you have any computer experience prior to using
speech recognition technology?”, “How helpful was the training?”, “Should the training be improved?”
and “How would you rate your speech recognition system?.

These 28 subjects participated in a 29-item telephone survey designed to gather information about
how they are currently using SRT, their opinions on the SRT training they received, and the problems
they have encountered in using SRT.

RESULTS :

More than half of the users (54%) had computer experience before using SRT. The two days of
training was thought to be helpful or better by 67 percent of the subjects (In a range from “confusing,
worse than no help at all” to  excellent, couldn’t be better”). In addition, 61 percent of the SRT users
thought the software manual was helpful or better and 21 percent thought it was somewhat helpful.
However, 75 percent of the subjects felt that the initial training should be longer and 79 percent felt there
should be more follow up training. '

A self reported speed of 20 words per minute or better is achieved by 51 percent of the users and
18 percent were unsure at their speed. Non-SRT input methods are used by 61 percent of the users.
These alternate methods included fingers, mouthsticks and splints. Paper handling of hard copy
information was an issue for 46 percent of the users. Of those retuming to school, 82 percent thought
SRT was helpful. Overall, 75 percent of the users thought SRT rated good or better. Conversely,
twenty-five percent didn’t use the SRT system. Twenty-one percent of the users used SRT one to three
times a week, while 54 percent used the system four or more times a week.
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DISCUSSION

Additional training is clearly needed by users of SRT to maximize its potential. While most users
thought SRT is good, training clearly needs to be improved. The training believes that the improvement
desired is additional time. Two sessions of training is simply not enough time for a user to develop
confidence using unfamiliar, sophisticated software. Providing training support in remote rural areas
may be difficult, but it is essential. Perhaps a “train the trainers” model should be developed in various
geographic areas. An aide or family member comfortable with computers could be present during the
training to learn the system along with the user. Practitioners must address paper handling strategies and
the user’s goals. While not quantified, there was a strong inverse relationship between a user’s level of
satisfaction with SRT and the ability to use the computer without this accommodation. This probably
accounts for the high percentage of those who do not use the system at all. With discrete word
recognition, the threshold of benefit may not be crossed by some individuals who can use the traditional
keyboard in some fashion. Continuous speech technology will likely lower this threshold.

This survey was a quick look at speech recognition. Additional research needs to be conducted with
detailed statistical information, on the newer continuous speech recognition systems, the specific
difficulties involving learning the software and importantly, the amount of training required to develop
competence in SRT for computers users and computer novices.
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SOFTWARE FOR FUNCTIONAL ASSESSMENT OF COMPUTER ACCESS
Edmund F. LoPresti, BSc, and Donald M. Spaeth, MA, ATP
University of Pittsburgh
Pittsburgh, PA, U.S.A.

ABSTRACT

A Graphical User Interface Dexterity Evaluator (GUIDE) was developed for functional
assessment of computer access capabilities. This software package provides standardized,
quantitative measures of the user’s skills in using a mouse or other computer pointing device.
Exercises include selecting on-screen icons and tracking moving targets. Preliminary data was
collected for a single subject with no movement disability. The software will be used to research
alternative input devices for people with disabilities.

BACKGROUND

Functional assessment of computer access capabilities is necessary for a number of activities in
the field of assistive technology. These include service delivery, product development, and research.

In the realm of service delivery, quantitative assessment can aid in the initial evaluation of a
client’s computer access abilities and in identifying limitations. A standardized assessment method
provides a tool that can assist in comparing access methods, evaluating changes in the client’s
performance over time, and measuring the overall effectiveness of an intervention (1).

Standardized, quantitative assessment tools are also necessary in research. Research on human-
computer interaction requires quantitative data on how people use computers. In order for this data
to be compared between subjects and conditions, assessment tools must be standardized.

These tools are also useful in the development of computer access devices. By evaluating
performance on prototypes, manufacturers can improve the usefulness of their final products.

STATEMENT OF THE PROBLEM

Functional assessment of computer access capabilities is a valuable tool for assistive technology.
One important computer access skill is the use of a pointing device, such as a mouse or mouse
emulator (3). This paper presents the development of a software package for functional assessment
of a person’s ability to use a computer pointing device. The package has been developed for a
research setting, but the exercises implemented also have clinical applications.

RATIONALE

The GUIDE software package has been developed to provide a standardized, quantitative
method of measuring user performance for computer pointing tasks. GUIDE presents on-screen
exercises and records data related to user performance. The software incorporates established
methods for studying user performance with alternative input methods (2) and the impact of
disabilities on use of computer pointing devices (3).

DESIGN

GUIDE includes two exercises: a tracking task and an icon acquisition task.
Tracking

In this task, an icon moves across the computer screen while the user attempts to follow it with
the computer cursor. The target icon starts at the center of the screen, and can move in one of eight

directions: upward and downward, left and right, and four diagonal patterns (Figure 1). When an
icon reaches the end of its path, it disappears and the next target appears at the center of the screen.
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Assessment of Computer Access

Investigator-defined variables for this task include target size, target speed, and the number of
repetitions of the trial. As the user moves the cursor to track the target icon, the cursor path is -
recorded. Analysis of the cursor path can provide a number of dependent variables, including:

Distance Traveled: The maximum distance traveled by the cursor while following the

target. Since the target icon moves from the center to the edge of the screen, this variable
indicates the portion of the screen that the user is able to access.

Cursor Deviation: The root mean square difference between the actual path taken by the

cursor and the ideal straight-line path taken by the target icon.

Targét circle
A. 4— Ideal Path B. \ /‘1

Cursor

Actual Cursor Path / \4

Figure 1. Tracking and icon acquisition tasks. A. Cursor tracking/acquiring a target icon. B. Eight possible movement
patterns for tracking task; eight directions along which an icon may appear for icon acquisition task

Icon Acquisition

In this task, the subject attempts to use the cursor to select (acquire) icons that appear at various
locations on the computer screen. The subject begins with the cursor at the center of the screen. A
target symbol appears elsewhere on the screen and the subject moves the cursor to this target. When
the target is successfully acquired, it disappears from the screen. If the subject is unable to reach the
target after ten seconds, the target disappears and the computer records that the target was not
acquired. Depending on the settings for the trial, either a new target will immediately appear or the
subject must first return to the center of the screen. Returning to the center of the screen establishes
a standard starting position for each target acquisition.

Icons are presented at eight directions from the center of the screen: upward, downward, left,
right, and four diagonal directions (Figure 1). The investigator can choose to have icons appear at
any &;f three distances from the center of the screen, and in either of two icon sizes; or in any
combination of these three distances and two sizes. These icons can be acquired in one of two ways:
by pressing a mouse button or switch, or by dwelling the cursor on the icon for 500 ms.

For this exercise, the software provides a number of dependent variables, including:

Movement Time: The time elapsed between when the target icon appears and when it is

acquired by the subject.

Icon Acquisition: Whether the icon was acquired successfully.

Cursor Deviation: The root mean square difference between the actual cursor path and an

ideal straight-line path from the center of the screen to the center of the target icon.

DEVELOPMENT

GUIDE has been developed for a Windows environment using Visual C++ v6.0 (Microsoft,
Redmond, WA). Several data analysis routines were written for use with Matlab® mathematical
software v5.2 (MathWorks, Natick, MA).

EVALUATION

In order to evaluate the GUIDE software, data was collected for a single subject with no
movement disability. The subject performed six repeats of the tracking task and 30 repeats of the
icon acquisition task with a standard mouse. The subject then performed six repeats of the tracking
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task and 30 repeats of the icon acquisition task with a HeadMaster™ head control system (Prentke
Romich, Wooster, OH). Each repeat of the tracking task included all eight movement patterns. Each
repeat of the icon acquisition task included 24 icons (3 target distances x 1 icon size x 8 directions).

Table 1. Results of Cursor Deviation Movement Time Cursor Deviation
evaluation trials. All (icon acquisition) (icon acquisition) | (tracking)
significant differences Mean (Std Dev) Mean (Std Dev) Mean (Std Dev)
are at the p=0.01 level Standard mouse 9.59 pixels (6.17) 0.471 sec. (0.197) | 8.37 pixels (5.76)
HeadMaster 14.60 pixels (14.7) | 1.259 sec. (0.613) | 19.0 pixels (12.1)
Significant difference | Yes Yes Yes
Results from this evaluation are shown in Table 1. g o : T : :
Using head controls, the subject was not able to follow o e S SR SR
the moving target as accurately (larger cursor deviation E 0 R T e ]
for the tracking task) or acquire stationary targets as g : : :
quickly (longer movement times for icon acquisition). Pl %% % m

The subject also had a larger cursor deviation for icon

o ege . . . g 30 | | T | 1
acquisition. These results are not surprising, since the S s ! ' .
subject was experienced in the use of a mouse and a B :L T ;l'" SN J; T 'J: """
novice at using head controls. However, these results are § R e i d----
illustrative of the information that can be provided by O T S S bl
the software. Figure 2 shows the cursor paths for two horizontal displacement {pixels)

presentations of the same target in the tracking task. This Figure 2. Cursor path for two repeats of one
serves to illustrate cursor deviation (7.12 for the top tracking pattern. Dotted (diagonal) lines are the
graph, 22.91 for the bottom graph) and distance traveled ideal straight-line paths from center of screen to

center of target. Solid lines are actual cursor paths.
(96.1% for the top graph, 89.1% for the bottom graph). 1, top path was produced using the mouse, the
DISCUSSION

bottom path using the HeadMaster.
In the future, the software will be used in research related to the use ot a torce-sensing joystick
and the use of head controls for computer access by people with disabilities. Further exercises may
be added to the software to test practical skills such as utilizing scroll boxes and onscreen menus.
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MORSE CODE LEARNING DEVICE
Daniel A. Brown
California State University, Long Beach
Long Beach, California

ABSTRACT

Switches are often used by people with severe physical disabilities as the primary input
device for assistive technology such as personal computers. When this is the case, Morse
code can be used to allow the user to emulate keystrokes and mouse movements. The
Morse Code Learning Device is designed to mimic the operation of Morse code software
allowing one to learn Morse code before investing in expensive software and computer
equipment.

BACKGROUND/STATEMENT OF THE PROBLEM
Commercially available Morse code hardware and software can allow individuals with
physical disabilities to access computers using only switches. Morse Code hardware and

software such as the Darci Institute's Darci Card and Darci Too', Don Johnston Discover

Ke:nx’, and Words+ ezKeys3 are designed for this purpose. Many times, two switches
are used. One switch represents a dash, and the other represents a dot.

Morse code is an input strategy that requires a certain level of proficiency to determine if
it is a viable access method. In the past, the clinical team may schedule 1-3 training
sessions using Morse code in the technology center. This was done to help the individual
decide if Morse code was an option. This required additional visits for the user,
additional staff time and still only gave the individual between one and six hours of
practice.

RATIONALE

It would be beneficial to have a low-cost, device, that could be loaned to the user, that
would give them more time to determine if learning Morse Code is right for them. Staff
had tried providing individuals with switches and "switch testers," (devices that produce
an audible sound when the switch is activated) in the hopes that this would be a tool that
could be used by the individual to help learn Morse code. The drawback to this method
is that to produce a code containing multiple dots or dashes, the users had to press and
release the switch each time. Most experienced users of Morse code find that typing
speeds can be increased, if the software can have the computer continue typing the dots
or dashes for the duration that the switch is closed. For example, if the user wants to
enter dot dot dot dot, he can press and hold the switch for a length of four dots. In other
words, it is faster to close a switch for a count of four, than it is to open and close a
switch four times.

DESIGN/DEVELOPMENT

To mimic the Morse Code software, this device must not simply beep when a switch is
closed; it must be able to continually beep while the switch is closed. The Morse Code
Learning Device does this by generating pulses as long as the switches are held closed.
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The main component of the Learning Device is the 555 timer. It and the other |
components can be found at Radio Shack. The 555 timer is the integrated circuit that is
used for generating the pulses. The pulses are then outputted to piezoelectric buzzers.

The parts list includes:

(2) 555 timers

(2) 10 k ohm resistors

(2) 100 k variable resistors

(2) 10 micro-farad capacitors

(2) 3.3 micro-farad capacitors

(2) piezoelectric buzzers of different tone frequencies
(1) circuit board

(1) 9V battery

The circuit is basically two timer circuits side by side’. It also uses two different buzzers
to produce the two different tones. The low pitch is for the dot, and the high pitch is for
the dash. A variable resistor is used to adjust the speed and length of the tones.

v
+V

Push Button Switch

L
oo—o-
10k
555
o{Gnd Vcc
¢{lrg Disle
-o{Out Thrig
—¢{Rst Ctlig—--—
100k

Figure 6 7
Qo RESNA 99 ¢ June 25 - 29, 1999




Figure 1 shows one-half of the total circuit. The second half is identical to this one,
except the piezoelectric buzzer will sound a different tone. This circuit can easily be used
with a sip and puff type switch.

EVALUATION

To date, the Morse Code Learning Device has been used with more than 15 individuals
who reported that it helped them to practice and learn the codes. The majority of the
individuals had the device for a single two week time period and upon return to the clinic,
were able to enter text on a computer using Morse code, thus easing an anxiety they may
have felt related to using Morse code as an input method. Additionally, several of the
individuals reported that they did not believe that Morse code input was a viable option
for them. Both of these scenarios were considered successful implementations of the
Learning Device. Of the 15 individuals to use the Morse Code Learning Device, each
reported that it was very useful in helping them make the decision whether or not to use
Morse code as an input strategy.

DISCUSSION

One of the most useful and important devices for the disabled definitely is the switch.
Morse code software has made the switch an even more effective tool for computer
access. The purpose of this device is to allow the user to determine if they can learn
Morse code before having to go to the expense of getting computer equipment. When the
device has been used, it was recognized as instrumental in helping clients determine
whether or not to use Morse code as an input method. Use of the Morse Code Learning
Device gives switch users a head start in learning the code before a purchased Morse
code system arrives. Additionally, use of such a device eliminated the need for
subsequent evaluation training sessions in the clinic.
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THE DESIGN OF DAILY LIVING AIDS FOR PEOPLE WITH
RESTRICTED GROWTH IN COOPERATION WITH A SUPPORT GROUP

Timothy D. Adlam and Jill E. Jepson
Bath Institute of Medical Engineering,
Wolfson Centre, Royal United Hospital
Bath, United Kingdom. BA1 3NG

ABSTRACT

It has been found that close cooperation with a support group is an effective method for
defining and delivering aids for a specific disability group - in this case people with restricted
growth. The Restricted Growth Association in the UK was able to provide volunteers for
prototype evaluation; and a network of coordinators and a newsletter for information
dissemination. Descriptions are given of eight aids that have been considered. A light weight
step, two bicycles, two reaching sticks, toilet handles, portable car pedal extensions, and a
children's bottom wiper.

BACKGROUND

PROJECT ORIGINS

The Restricted Growth Association (RGA) was approached as a group representing at least
700 members with restricted growth in the United Kingdom. Some of the memberships are
whole families, so the actual number of people reached through the RGA is considerably larger
than at first sight.

It was thought that working with a support group such as this would not only give ready
access to volunteers for prototype evaluation, but also a straight forward means of promotion of
the finished products via a member's newsletter. The RGA represents the majority of people
with restricted growth in the United Kingdom.

A survey was carried out with members of the RGA to ascertain their unmet equipment
needs. The survey used questionnaires and interviews, and led to a 'wish list' of the main
priorities. This has been reported elsewhere!".

DESIGN APPROACH

It is important that a new aid effectively satisfies the needs of the aid's intended users. To this
end, the South West regional coordinators of the RGA were asked if they would be willing to
help locate volunteers who would help compile a specification, evaluate prototypes and provide
useful feedback about the evolving designs.

Design commenced in October 1996 with a visit to a family of
volunteers to present the first projects to be designed and try
and determine a first specification for each of them.
Subsequent prototypes were evaluated by people with
restricted growth for their ease of use and effectiveness.

EQUIPMENT

LIGHTWEIGHT STEP

The LightStep is a lightweight folding step that can be easily
packed into a shopping bag for example. The step will be made
in two sizes. An adjustable height device was evaluated, but the weight penalty for
the adjustability was not acceptable to users. 1 O O
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Daily Living Aids for People with Restricted Growth

GENERAL PURPOSE REACHING STICKS

The initial survey showed there is a need for a stick for reaching doorbells, lifts buttons; and
to assist with placing coat hangers on wardrobe rails. Consultation showed that there is a need
for a device to use when shopping or when reaching objects from shelves in a
domestic or work environment. These uses have been developed into two general
purpose reaching aids - the ReachStick and the ShopStick.

ReachStick :
The ReachStick is a lightweight, pocketsize reaching aid. It does not
have a gripping tool, but is designed to be compact to carry and
. uncomplicated to use. It will accept a variety of tools, though the
preferred option with the evaluators was a multipurpose prodder/hook
design. The telescopic stick extends to 600mm and locks open at its
maximum extension with a simple twist. It also locks closed. This
device is also suitable for placing coat hangers on wardrobe rails.

ShopStick

y Fig 2: The

This design for a stronger stick uses a gripping method that : i
gives a secure grip on many different surfaces and materials. 4 ShOP‘S”Ck
Folding into four sections, it extends and locks out to a length ' loop gripper.

of 750mm. This has proved to be a useful length with our
evaluators, without being so long as to be unwieldy. The gripper

works like a noose, drawing a steel cable around the object to be picked up and then
tightening around it against a ratchet. A button is pressed to release the object when it
is in the desired position.

Fig3:The TEENA GE/ADULT AND CHILD'S BICYCLES

ReachStick. It was found that because growth restriction affects different people to

different degrees, any bicycle frame must allow considerable adjustment if it is

to be built in any number. It was found that biaxial adjustment is essential for the saddle and the

handlebars, as arm and leg lengths are not necessarily in the same
proportion to each other or the shoulder/hip measurement.

Commercial bicycle frames are designed for people of normal proportions.
The limb shortening caused by growth restriction
makes a conventional bicycle frame not only too
large, but also of the wrong proportions. People
with restricted growth are also prone to back
pain, so an upright position is important. These
factors result in an unconventional cycling
posture.

Another major consideration was the appearance of Fig 4: The first \§
the bicycle. It is important to children and adults that ~ ddult/teenage bicycle
the equipment they use is age appropriate. The bicycle prototype
was built in a 'BMX' style using standard components
where possible. Some compromise on appearance was necessary to achieve the desired rider
posture.

The brake levers, gear levers, and handlebars should be carefully selected so that they can be
easily reached with the short fingers associated with achondroplasia. If possible, remove the
need for one of the brake levers with a back-pedal hub brake. Evaluation of two prototypes
showed the need for the option of back pedal or lever Ofeoatfd brake systems.
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Daily Living Aids for People with Restricted Growth

The transmission is conventional with the exception of its position and the short cranks used.
The crank length of 43mm for the child's bicycle has made low gearing necessary (3:4) as the
torque generated is much lower than with a conventional crank length - perhaps 100mm for
children of this age.
Child's Bicycle L
This bicycle is of a similar form to the adult design. It is suitable for [\
children from about 2 years to six years. The design is simpler than the |
adult bicycle, there being no gears or a rear brake.

PORTABLE CAR PEDAL EXTENSIONS

Many people with restricted growth drive cars. Most
need their cars to be adapted so that they can reach the
car pedals. Adaptation for restricted growth usually

involves bolting extensions on the car pedals. If the car is Fig 5: The Child's Bicycle,
shared with others in the family at work, then easily  showing the posture of the rider.
removable adaptations are required. Design of this device

was not carried through as two suitable commercially available solutions were found to be
suitable. Details were passed to the RGA.

TOILET SEAT HANDLES

Many people with restricted growth and particularly those with long bone growth restriction
find that using a toilet is risky. Without legs long enough to reach the floor and arms long
enough to stabilise themselves, falling into or off the toilet is a real possibility. A pair of handles
that fit securely over the rim of the toilet without obstructing the lid and seat has been
developed. During evaluation they have been found to be suitable for adults and children.

CHILDREN'S FOLDING BOTTOM WIPER
Having short arms means that many children with restricted growth are unable to clean Y
themselves after using a toilet. A compact device that fits a child's hand can enable
children to clean themselves and become independent of a carer's assistance. Figure 6
shows the wiper unfolded with its clip (left) open for paper to be wrapped around its
end.
CONCLUSIONS

It has been found that working with an organisation such as the
RGA is an effective way of defining and delivering aids to disabled
people. Close cooperation with such a support group leads to
valuable relationships with evaluating volunteers, ensures

designs are truly effective, and provides a cost effective method of promoting and distributing
aids to the people that need them.
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Fig 6: The
Bottom Wiper
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AGING AND PERFORMANCE CHANGES IN CEREBRAL PALSY
Don Malzahn, Ph.D., Alexander Brzeny M.D. & Erwin Unaja
Institute for Rehabilitation Research & Service
Department of Industrial and Manufacturing Engineering
Wichita State University
Wichita, KS 67260-0035
ABSTRACT '
The change in the performance levels over time of individuals with cerebral palsy was
compared to a group without disabilities. The patterns of change were similar, but the effect on
work status and attendant use was significant for persons with cerebral palsy.

BACKGROUND

The Available Motion Inventory (AMI) was developed with the objective of providing
information about the environment that uniquely affects the manual performance of a specific
individual with a disability (1). The AMI was developed over 20 years ago has been the basis for
assessment of over 200 persons with cerebral palsy

A considerable body of knowledge is being developed about the aging process and
approaches for maintaining maximal independence are being developed. Persons with cerebral
palsy are also attaining greater longevity, but there is little known about what to expect regardmg
the changes in functional abilities that may be encountered.

The study "Uncertain Future: Aging and Cerebral Palsy-Clinical Concerns" by Turk,
Overeynder, and Janicki (2) eloquently summarizes, "Adults with cerebral palsy age in the same
way as adults in the general population. There may be differences, however, in the way in which
the consequences of the aging process manifest themselves.” Many persons with cerebral palsy
experience significant changes in strength, dexterity, and endurance that are perceived as increasing
their level of disability and occurring earlier than their non-disabled cohorts.

RESEARCH QUESTION

The objective of this study was to determine the effect of approximately 10 years of aging
on the manual performance of a group of individuals with cerebral palsy. Did their pattern of
performance change differ from a group of individuals without cerebral palsy? Was there a
relationship between the amount and type of performance change and the level of independence or
employment status of the individuals with cerebral palsy?

METHOD

A group of 30 individuals with cerebral palsy that had previously been assessed using the
AMI were identified and information concermng the medical and work history of each was
collected. Each was also administered the AM[ again. A group of 10 persons without disabilities
who were part of the original AMI norm group were also reassessed. The results of each subject s
prelerreu hand were included in the analysis. Tnc bcormg of AMi perlormdm.c is in uniis of
standard deviations away from non-disabled dominant hand performance. That is, a score of 0.0
indicates a performance level equivalent to the mean of dominant hand performance of the norm
group and a 2.0 indicates a performance two standard deviations below mean norm performance.
This scoring system allows the averaging of scores across groups of tests.

RESNA 99 e June 25 - 29, 1999 9

103




Aging and Cerebral Palsy

RESULTS
Performance data was analyzed

Table 1. Demographics of subjects

for a total of 32 subjects, 22 persons Cerebral | Standards
with cerebral palsy and 10 standards. Palsy

Table 1 provides a description of the Number %) 10
two groups. Scores were analyzed by Male 19 5
the type of AMI sub-test. The sub-tests Female 3 5
types were; switches (the time required

to trip five different kinds of switches), gf;)::i ISV::all‘)ev 379'68 ﬁ
settings (time required to make settings Test Min; 3'0_ 28
with three different input devices), rate Max 61 4
(the rate of rotation for three different Time Mean 114 158
devices), force (pounds force exerted Between | Std. De 3 9 1 8
by fingers, hand, and arm in 10 modes), . eV : :
assembly (time required to perform Tests Min 3.7 133
nine simple assemblies), and reach- Max 17.1 17.4

reaction (time required to react and
move the hand to a target in four
positions). The AMI performance of each group at their second testing is presented in Figures 1
and 2. Figure 1 indicates that the standards group performed at a level close to AMI norms (0.0)
while the group with cerebral palsy demonstrated a significantly lower performance as was
expected. Figure 2 presents the standard deviation of performance and indicates that there is much
greater variability in performance within the group of individuals with cerebral palsy than the
standards group.

The differences between AMI assessments over the test-retest interval are shown in Figures
3 and 4. The pattern of the change in performance over time of the two groups is quite similar as is
shown in Figure 3 with Force and Assembly sub-tests showing the greatest decrease in performance
and Switches and Reach showing the least for both groups. A t-test of significance indicated that
only the reduction in Force was significant for the Standards group and Rate and Force were
significant for the Cerebral Palsy group at p<0.05. The variability in the amount of performance
change over time is illustrated in Figure 4. This indicates that the persons without disabilities had a
greater degree of variability in the amount change experienced.

The relationships between AMI performance of the group of individuals with cerebral palsy.
and the level of work activity and the hours of attendant use were examined, Table 2. The work

JERTE T " ;
: HHH P ) :
:

N . |

Test Types

Figure 2. Standard deviation of each group’s
AMI performance

Figure 1. Mean AMI performance on retest
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Figure 3. Change in AMI performance over
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level was scored in units of hours per week and weighted by the kind of work: volunteer, sheltered,
or competitive. Attendant use was measured in hours per week. The results indicated that Force (or
strength) and Assembly (or dexterity) were related to the current amount of attendant use and that a
decrease in Assembly scores was related to an increase in attendant use

The amount of work currently being performed was related only to Force and a decrease in
Reach (or hand speed) was related to a decrease in the level of work being performed

Table 2. Relationship between latest performance levels and changes in performance levels and the

use of attendants and the level of work activity. (Significant at p<0.10)

Performance Latest Performance Change in Performance
Tests Attendant | Work Level Change in Change in
Use Attendant Use | Work Level
Rate N.S N.S. N.S. N.S.
Force S S N.S. N.S.
Assembly S N.S. S N.S.
Reach N.S N.S. N.S. S
DISCUSSION

/ The pattern of change in performance of persons with cerebral palsy appeared to be quite
- similar to persons without disabilities. They experience the same kinds of changes although over a
smaller range. The impact of performance change over time had an effect on the level of
independence experienced by the group with cerebral palsy. The pattern of attendant use and work
experience were consistent with anecdotal evidence
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BREAD BAGGING DEVICE FOR USER WITH HEMIPARESIS:
HEY, GET A LOAF OF THIS!

Julius T. Corkran, Industrial Designer
Alan J. Harp, Industrial Designer
Scott A. Haynes, M.E.-BME
Center for Rehabilitation Technology
Georgia Institute of Technology
Adanta, Georgia

ABSTRACT

Bakery workers must perform a multitude of tasks during the bread making and delivery
process. Many of these tasks involve fine motor control, good dexterity and the use of two hands.
For an employee who has hemiparesis, some of these tasks are impossible due to the two-handed
nature of the tasks. A bread bagging device was created to allow such an individual to retain his
employment and gain experience in the field.

BACKGROUND

The development of the Bread Bagger began when a local rehabilitation counselor regarding
his client contacted the Center’s design staff. A major grocery store chain employs the client in the
bakery department. His job description includes such functions as bagging fresh bread, filling
cream-filled pastries, customer service, clean up and operating the bread-slicing machine. The
client has experienced a traumatic brain injury (TBI) resulting in hemiparesis on his right side.

STATEMENT OF PROBLEM

The client is able to perform many of the required tasks involved in his job, but was having
great difficulty bagging the bread. This duty must be performed throughout the workday as soon as
fresh bread comes from the ovens. Given that the bakery is at a major grocery store, this accounted
for a large portion of his required work. There are five different bags, and up to seven different
types of bread produced each day. Each type of bun, loaf or roll has a different sized bag and the
bags have to be filled in an aesthetically pleasing arrangement. The client’s primary duty is to
arrange the bread, stuff the bread into the various bags and tie the bags closed.

The traditional manner of filling the bags involves holding the bag open with one hand,
while inserting the bread with the other. Many of the bags require the bread to be stacked or
oriented correctly for efficient packing. Due to the client’s ability to only use his left hand, this task
was very difficult to perform in a timely fashion.

APPROACH

After consulting with the client, his employer, and counselor, it was agreed that the best
approach would be to develop a device to aid in bagging the various types of bread. Since there are
so many variables involved relating to the bags and types of bread, a universal device was needed
which could work with any of the choices. The resultant device, dubbed the Bread Bagger, is a
stainless steel platform with an attached fan, mounted to a nylon tray.

A miniature, 50 c.f.m. blower is mounted in a stainless steel housing 12”” away from the bag
loading area. The bags are placed in a stack on the nylon tray, utilizing the bags’ peg holes as a
mounting location. The peg holes are located on the leading edge of the bag, which extends beyond
the actual lip of the bag. The hinged stainless steel platform is lowered onto the leading edge of the
bags, clamping the stack of bags in place. When in use, the switch operated blower is turned on and

Q ’
: ES J - 29,
EMC RESNA ’99 ¢ June 25 - 29, 1999

= 106



BREAD BAGGER

proceeds to fill the bag with air. Once the bag is inflated, the client simply slides the bread into the
bag. The blower will keep the bag inflated even as the bread is in the bag, allowing for stacking of
bread. After the bag is filled with the appropriate bread, the client simply grabs the open end of the
bag, lifts it off the platform and spins it with his fingers. After the end is twisted, he inserts the
twist into a small V-shaped bracket mounted to the table (Figurel). He can then release the bag,
and apply a twist tie to the end of the bag. The blower is usually left on, as he will have many trays
of bread to bag at any given time.

Figure 1.

When is a need for new bags, the stainless steel platform is tilted upwards, and new bags are
placed on the pegs in the nylon tray. All of the different styles of bag have the same hole pattern in
the top edge for ease of mounting.

All surfaces in the design are constructed of food-safe materials and designed to aid in
‘clean-up. The stainless blower enclosure is fully sealed with silicon caulking. The blower opening
is covered in a stainless steel mesh to prevent injury related to the spinning blower cage. (Figure 2.)
The blower’s intake and output screens are easily removable for the necessary cleaning. All
surfaces may be cleaned in the same manner as the rest of the bakery, with no special consideration
beyond keeping liquids from the electrical components.
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EVALUATION .

The Bread Bagger has been in use for five months with no problems. The client’s ability to
perform his work is increased dramatically by the use of the device. The client was given training
by the designer of the device as well as his job coach into the proper usage of the Bread Bagger.
After installation, the client lifted the blower side off of the bakery table surface by inserting a 2-
1/2” block underneath the device. This was done to create more of a gravity feed for certain rolls
that could be stuffed without arrangement inside the bag. Because he is now more efficient
performing this task, he can also expand his job duties by participating in other tasks at the bakery.

DISCUSSION .

The client and his employer have been very pleased with the usefulness of the device. The
employer is enthusiastically optimistic about the long-term goals of the client. If the client remains
at the bakery for the long term, he will be given additional opportunity to try new tasks.

ACKNOWLEDGMENTS

The Center for Rehabilitation Technology Design Group would like to thank the client, his
employer, Publix, and his job coach Mary Mullaney (Tommy Nobis Center) for their patience, input
and cooperation in the creation of the Bread Bagger. Without the client’s need and the funding
provided by the State of Georgia Division of Rehabilitation Services this project would have never
been realized.

Julius T. Corkran, Industrial Designer

danny.corkran@arch. gatech.edu
Alan Harp, In

1.041P ¢

dustrial Designer
ch.gatech edy

Scott Haynes, M.E.-BME
scott.haynes @arch,gatech.edu

Center for Rehabilitation Technology
Georgia Institute of Technology

490 10th Street

Atlanta, Georgia 30318
(404)-894-4960

FAX(404)894-9320

108

RESNA 99 ¢ June 25 - 29, 1999




TOWARDS A GENERIC APPROACH FOR DESIGNING FOR ALL USERS
: Simeon Keates and John Clarkson
Engineering Design Centre
University of Cambridge
Cambridge, CB2 1PZ, UK

ABSTRACT

It is known that many products are not accessible to large sections of the population. Designers
instinctively design for able-bodied users and are either unaware of the needs of users with different
capabilities, or do not know how to incorporate them effectively into the design cycle.

This aim of this paper is to present a summary of the principal methods for designing for users
with different capabilities and to describe a model for displaying how the different approaches can
be complementary and provide complete population coverage. The focus will be on design methods
for the elderly, but it will be argued that age should not be a concern. The principal focus should be
on physically capability, irrespective of cause.

BACKGROUND

Conventional product interfaces present serious difficulties to users with impaired motion,
senses or cognition. Conditions exhibiting such impairments can occur throughout the life course,
affecting all age groups, but certain symptoms, such as reduced hearing, appear with increasing
frequency with advancing age.

There are two principal approaches to designing an interface for different user capabilities. The

first is to design for a particular application and then tailor it retrospectively to different users. The

second is to change the definition of the user at the very outset of the design process to include a
wider range of capabilities. These approaches can be described as adaptation and proactivity
respectively [1]. There is growing support for taking the second, more radical approach. It has been
proposed that fundamental changes to the design philosophy are required to make interfaces more
accessible and usable [2].

STATEMENT OF THE PROBLEM

A number of design approaches exist for users with impairments, irrespective of whether
caused by aging or congenital conditions. Each approach has particular strengths and drawbacks for
different sections of the population. The aim of this research is to develop an effective way of
representing how particular approaches can be used to complement one another to provide the
ability to design for the whole population.

APPROACH

The first step was to identify and review the common approaches to design for a wider range of
end users. For example, rehabilitation design [3] focuses on developing specific solutions for
specific problems. It has been claimed that the resultant products are not meeting the needs of
elderly [4] or motion-impaired uscrs [S] and this is reflected in poor sales figures [6].

Transgenerational design adopts the stance that products should be designed from the outset to
avoid unnecessary accessibility problems on the grounds of age, by including users of all ages in the
design process [7]. However, this puts the emphasis on age rather than capability.

Design by story-telling [3] adopts a four stage approach: (i) understand what it is like being old;
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(ii) observe what old people do and how they cope; (iii) visualize a different scenario without
technical constraint; (iv) evaluate a product for the full range of intended users. This approach again
puts the emphasis on age, as if that is the source of difficulties, instead of appreciating that the only
difficulties truly presented by advancing years is the increasing prevalence of impairments.
Consequently, the method would be more widely applicable if ‘impaired’ was substituted for ‘old’.
Also, it is difficult, maybe even presumptuous, to try to understand what it is like being old.
Understanding the effects of being old or, more correctly, being impaired, would be better.

Universal design [3] attempts to maximize the number of people for whom a product is
accessible and usable. It achieves this by trying to make the user base as broad as possible. This is
a laudable approach, although a key question that needs to be addressed is how inclusive ‘universal’
really is. Owing to the huge diversity of people and their capabilities, it is unlikely that a single
product solution will be accessible by everyone.

The user pyramid design approach adopts a different philosophy. Here the user population is
described as being in three broad bands. The able-bodied/fully capable make up the base of the
pyramid, those with, say, reduced strength and mobility comprise the middle layer and the severely
impaired occupy the peak. The approach claims that if products are designed to be accessible by
severely impaired users, then the resultant product will be accessible by those with less severe or no
impairments [8]. However the resultant designs may be sub-optimal for more capable users.

Building on the concept of the user pyramid with its banding of users by impairment level, a
model was developed that relates capability level, population profile and suitable design approach in
a simple graphical format. A representative version of the resultant model, referred to as the user
cube, is shown in Figure 1. Each axis represents decreasing capability and the total volume is the

complete population. The respective volumes enclosed by each approach reflects the total number
of people catered for.

Assisted

by carer
Special purpose
Increasing design
motion
capability
Modular/customizable
design
g |
/ comprises
Increasing Ugiv.ersal
Increasing sensory cogmtive esign
capability capability

Figure 1. The user cube - shown here for visual and motion impairments.

IMPLICATIONS :

The user pyramid approach contends that there are three principal levels of capability: (i)
severely impaired, (ii) moderately impaired and (iii) unimpaired. The user cube reflects this with
three design approaches. It was recognized that the principles of universal design would generate
products that would be widely accessible by large sections of the population and hence have good
population coverage. Consequently this approach dominates the volume of the cube. However, it
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was also noted that the resultant products would be unlikely to be accessible to the more severely
impaired.

For the most severely impaired users, a modified version of the rehabilitation design approach,
broadened to include as many users as possible, is probably the most suitable model. This is labeled
special purpose design in Figure 1.

In between the two approaches is an intermediary design approach that has extremely flexible
boundaries. Modular or customizable design takes a base unit designed using the universal design
principles, but with a changeable interface that is either adaptable or can be swapped for one of a
series of modular designs.

DISCUSSION

First and foremost, the user cube requires calibration and validation. It is anticipated that the
shapes of the boundaries will be dependent upon the nature of the task being considered and case
studies are being prepared to verify this.

Once the cube has been calibrated, it will offer the designer a simple way of determining which
is the most suitable design approach to adopt for a particular part of the population and also give an
indication of how many people will be able to use the final product. This information about the final
size of the market and, hence the expected economic impact, is invaluable in helping persuade those
responsible for commissioning the design to target the widest possible user base. There is still a
perception that impaired users are only of niche interest and this model is intended to help disprove
that naive attitude.
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THE DEVELOPMENT OF
UNIVERSAL DESIGN PERFORMANCE MEASURES

Molly Follette Story, MS, James L. Mueller, IDSA,
Mitzi Montoya-Weiss, PhD, David Ringholz, IDSA
The Center for Universal Design, North Carolina State University
Raleigh, North Carolina USA

ABSTRACT
The authors are developing a set of universal design performance measures that reflect the
Principles of Universal Design. The performance measures are intended to be useful for evaluating the
broad usability of current products or product designs under development. The measures would be
“usable by consumers making purchasing decisions or by product designers in their design activities.

BACKGROUND

The authors are conducting a three-year field-initiated project, funded by the National Institute on
Disability and Rehabilitation Research (NIDRR), titled “Promoting the Practice of Universal Design.”
The purpose of the project is to increase the acceptance and adoption of the universal design approach
by mainstream product industries. The first project task is to develop a method of evaluating products
to determine their universal usability; the second task is to develop an evaluation service for industry
based on this evaluation method; and the third task is to explore the possibility of establishing a
recognition or certification program based on the evaluation results.

STATEMENT OF THE PROBLEM

This paper discusses the primary goal of the first year of project work, the development of a set of
universal design performance measures. These performance measures would be used to evaluate
products that either currently exist or are under development. They would be employed by product
designers to help guide their design processes and by consumers to help assess the universal usability
of products they are considering purchasing. It is hoped that a single document can serve both
purposes so that all audiences evaluate products against identical criteria.

RATIONALE

While great strides have been made in legislation to improve public access for individuals with
disabilities, very little has been done in the area of products or environments intended for private use.
However, the design details of personal devices and residential spaces can make a significant
difference in an individual’s ability to live independently and comfortably. To maximize the usability
of these designs, advocates must influence industry to address the needs of a diversity of users.
Rather than accomplish this through legislation, it is more effective and appropriate to provide
manufacturers with market incentives to practice universal design. Researchers must demonstrate to
companies that there are financial advantages to maximizing the usability of their products for the

largest possible target market. In addition, they must facilitate designers’ practice of the universal
design approach.

DESIGN

" In 1995-1997, the Center for Universal Design at NC State University coordinated the
development of the Principles of Universal Design (1) (2) that describe the scope and intent of the
universal design approach. The universal design performance measures developed by the current
project are intended to reflect these Principles and their associated guidelines; therefore, the Principles
were used as the basis for most of the draft performance measures.

Project staff developed five draft versions of the performance measures, including a

questionnaire, a flowchart and a checklist. For example, among the Principles of Universal Design,

Principle 2 is Flexibility In Use: The design accommodates a wide range of individual preferences and
abilities. The design guidelines associated with this principle are:
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2a. Provide choice in methods of use.
2b. Accommodate right- or left-handed access and use.
2c. Facilitate the user’s accuracy and precision.
2d. Provide adaptability to the user’s pace.
In the draft performance measures, this principle was interpreted as shown below.

Questionnaire. The evaluator was asked to write responses to each of the following questions.

2a. Describe various ways in which the design can be used (grip, orientation, etc.).
Is each of these ways safe and effective?

2b. Can the design be used equally well by people with right or left-side dominance (right- or
left-handed individuals, persons with hemiplegia, one side amputees, etc.)?

2c. Describe features of the design (such as push buttons or card insertion slots) that require
accuracy or precision 1o use.
Are these features easy to use accurately?

2d. Can the design be used safely and effectively either very slowly or very quickly?

Flowchart. The evaluator was asked to follow the path to its conclusion. (Note: this represents only
one section of the chart for Principle 2.)

{ Is the product held in the hand or does it rest on a surface? |
| ]
HAND SURFACE
Can the product be held with Can the product be operated with
another body part, such as an arm another body part, such as a fist,
against the body or between the knees? an elbow, a foot or a pointer?
I I
I I I
YES ~ NO YES
Can the product be operated REDESIGN: Can the product be operated
equally well with either the Provide choice in equally well with either the
right or left hand/arm/leg? methods of use. right or left fist/elbow/foot?
I I
I I I
YES NO YES
Are hand grips or loops REDESIGN: END

sufficiently large not to require Accommodate right- or
great precision in grasping?  left-handed access and use.
I

I I
YES NO
END REDESIGN:
Facilitate the user's accuracy and precision.

Checklist. In this version, a departure from the Principles, the evaluator was asked to answer “YES”
or “NO” to the following questions. (Note: this represents only one section of the total checklist.)

COGNITION: Is the design usable and safe if you...
* are using it for the first time without help or instructions?
° cannot read?
* perform steps out of order?
* try to use it much faster or slower than intended?
s make a mistake and want to correct it or start over?
* are distracted or interrupted while using it?
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DEVELOPMENT

The five versions of the draft universal design performance measures are being reviewed by more
than 18 product design professionals and 12 product marketing specialists from across the United
States, as well as 30 disabled consumers. Each of these constituencies is providing feedback on the
format and content of the performance measures for their personal use. The draft measures are also
being reviewed by a group of seven project consultants who are actively engaged in product
evaluation or marketing programs, or who work with older adults or individuals with disabilities.

These reviews are intended to answer the following questions: Which format (e. g., questionnaire
flowchart, checklist) is most usable and effective for each constituency? ...For all constituencies?
What form should the answers to the questions take (e.g., yes or no, numeric score, comments)?

,

EVALUATION

Project staff will use the input from consumers, designers, marketers and expert consultants to
develop a working draft of the universal design performance measures by the end of year one of the
project, in May, 1999. In year two, the performance measures will be pilot tested by many of the
same design and marketing professionals who took part in the initial review and by disabled
consumers from across the United States. These individuals will apply the performance measures to
evaluate six consumer products that are representative and important to independent living.

DISCUSSION

The authors believe there is a market for a universal design evaluation service for industry. This
service would yield a wealth of information about the shortcomings of a given design and suggest
ways to improve its usability by a diversity of individuals. This would benefit all consumers.

One concern of the authors is that as currently drafted, the performance measures assess only the

usability of whole products.

* Is this sufficient, or would it be preferable to evaluate individual product features?

° Should the evaluation service also review the packaging around a product when it is purchased?

° What about product reliability and maintenance?

* What about other critical issues of product use, such as documentation and customer service?

Project staff realize that the third project task, the development of a recognition or certification

program for universally usable products, is controversial.

* Would such a recognition program be valuable? If so, how should it be structured?

* If such a program is warranted, which organization might be best to administer it? Should this
project ally itself with an existing organization such as Consumers Union or the ProMatura
Group or would it be better to establish a new entity dedicated to administering the program?

The authors are seeking to resolve these and other issues in this project working to promote more

widespread practice of universal design in mainstream industry.
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THE COMMERCIALIZATION OF THE REVERSIBLE TOILET/TRANSFER SEAT

Jeffrey A. Kohler, Vice President, AZtech, Inc., 2495 Main Street Suite 418, Buffalo, NY 14214
Kathleen O’Neill, New Products Manager, Maddak, Inc., Pequannock, NJ 07440

ABSTRACT
This paper is a case study on the development of a new product using assistive technology, and the consumer
evaluation and the licensing of that technology by a manufacturer through AZtech, Inc., a company
specializing in the commercialization of assistive technologies based on consumer input. The product is
called the Reversible Toilet/Transfer Attachment and is available through Maddak, Inc., a manufacturer and
marketer of aids for daily living. The original prototype submitted to AZtech was standard toilet seat with
handgrips attached.

BACKGROUND

AZtech Inc, is a company that specializes in the commercialization of assistive technologies for the disabled
and elderly usually by the process of technology evaluation and transfer. AZtech has evaluated hundreds of
promising assistive technologies through their partner, the Center for Assistive Technology, University at
Buffalo, New York under a federal grant program called the Rehabilitation Engineering and Research Center
on Technology Evaluation and Transfer (RERC-TET). For those technologies or devices that show
commercial potential, AZtech solicits companies for the possibility of manufacturing and selling a product
encompassing the technology under a license agreement. This agreement gives the company the right to
make and sell a technology (product) in return for a royalty payment that AZtech shares with the inventor or
designer. [1] Twelve technologies have been licensed to manufacturers by AZtech over the past five years.

STATEMENT OF THE PROBLEM

Jim Bethanis developed a wooden toilet seat prototype with five handle grips surrounding the outside rim of
the seat. Two grips were on either side of the seat and one was located in the front. Jim Bethanis has
tremors as a result of Parkinson’s disease. One place where his instability
can be a real safety problem for Mr. Bethanis is in the bathroom. He
found that while he had a grab bar near the toilet, he was pulled off
balance by reaching for it. He designed the seat for himself and others
who may have difficulties rising and/or sitting on a toilet seat. Mr.
Bethanis received a U. S. Patent on the technology in 1998. After
reviewing literature on AZtech and the RERC-TET, Mr. Bethanis decided
to submit his prototype through the commercialization program. He
needed help in finding a company to bring his device to market. AZtech
accepted Mr. Bethanis’ design and an agent agreement was executed
granting AZtech the exclusive right to seek a commercialization partner
for the design. AZtech would evaluate the prototype, research consumer
opinions and develop a thorough commercialization report featuring the
consumer’s preferences for design. AZtech’s goal was to present the
device and report to interested manufacturers and ultimately transfer the
Bethanis Patent Illustration technology through a license agreement to a manufacturer or licensee.
The licensee’s goal was to develop and market a finished product based on AZtech’s recommendations and
research. Once the product is on the market, AZtech would support the promotion and sales of the product to
consumers and care providers so everyone can benefit from the new technology.
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RATIONAL

Upon receipt of the prototype and design, a device team was formed with personnel consisting of marketing,
consumer and technical professionals from AZtech and the Rehabilitation Engineering and Research Center.
The team decided that the prototype and design of the toilet seat with handles could be shopped to potential
licensees or manufacturers, but only with a recommendation on a redesign that would be included in the
commercialization report or package accompanying the prototype. The recommendation on the design came
from surveying potential end users or consumers of the device, a tool AZtech uses in their technology
evaluations. AZtech gathers information on consumer reaction to concepts and inventions through the
Independent Living Center of Western New York, (ILC), a third partner on the RERC-TET. Consumer focus
group sessions were run through the ILC to gauge user reaction to the toilet seat with handgrips. The device
was evaluated through a series of three focus groups with care providers and consumers. First the participants
were asked to describe how they currently access the toilet and then they were asked for their
recommendations on improvements to existing products. These discussions provide a valuable insight into
the participants’ options, usage pattern, attitude and buying process. [2] Second the participants were
presented with the prototype and asked to enumerate on what they liked or disliked about the prototype and
current products on the market. Finally the participants were asked how likely it would be that they would
purchase a product like the toilet seat with handgrips.

DESIGN AND DEVELOPMENT

Results of the focus groups revealed that participants felt the prototype concept was worth while. However,
they were critical of the design of the device. They indicated that the handle on the front of the device would
be a nuisance and could even be dangerous. They also felt that the wooden prototype was heavy and they
would prefer a single piece plastic design for aesthetic and sanitary reasons. The ideal toilet seat with
handgrips would be lightweight and securely attached to the bowl and not slip during transfer. [3] Purchase
intent was low for the toilet seat with handgrips in its original form.

The device team developed a commercialization report highlighting the results of the focus groups and the
recommendations on redesign. AZtech solicited manufacturers with this information about the toilet seat
with handgrips. A list of potential licensees was developed from in house manufacturer databases,
manufacturer directories and trade show contacts. AZtech focused their company search on manufacturers of
plastic toilet seats, riser seats and home health care bathroom accessories. The selected companies received a
non-enabling description of the device along with a confidentiality agreement, which establishes non-use of
the device without written consent from AZtech. Several manufacturers signed the confidentiality
agreements and a commercialization report was sent for review. The report included the original design, the

prototype, the status of its intellectual property, the consumer focus group results and AZtech’s
recommendation on design changes.

EVALUATION

The new product concept intrigued Maddak, Inc., a major manufacturer of riser toilet seats. Their
engineering and marketing staff reviewed the prototype and commercialization information sent by AZtech.
The design team assigned to this project concurred with the focus group results that the additional handle in
the front of the seat served no positive advantage and that a lightweight seat molded of plastic would be ideal
for the necessary shape of the design. The members of the project team decided that since the
commercialization report and consumer focus group results were favorable, then Maddak should look in to
producing a product out of the prototype. A license agreement was executed between Maddak and AZtech.
Maddak Inc. has rotational molding capabilities and decided the toilet seat with handgrips would be an ideal
project because of its potential to be made using the same process. Therefore, the end product would be
made out of lightweight plastic using this process, one of the recommendations from AZtech’s report. The
Maddak design team reviewed other suggestions from the commercialization report and held several design
meetings in order to generate the final design of the device. Additional features were added to the design
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like armrests, and some were eliminated, like the front handle. Maddak believed they had designed
exceptional product unlike any toilet seat transfer devices on the market

The product based on the final design is called a Reversible Toilet Transfer Seat attachment. One side of the
seat provides a small-extended platform to help wheelchair users transfer onto the toilet seat. This platform
can be used alone or in conjunction with other equipment that may be used during the wheelchair to toilet
transfer. The gripping slots provide a secure and convenient place to grab the seat during transfer.

Alternatively, the other side of the seat has armrests that provide extra leverage for those people who have
difficulty raising from or lowering to a standard toilet seat. This would be useful for individuals who do not
require an elevated toilet seat or grab bars, but still need assistance due to arthritis, lower extremity weakness
or poor balance. The one-piece construction assures that the armrests are permanently and securely affixed
to the device. The added width between armrests makes this product useful for those who are overweight.
The gripping slots located on each side of the seat may help to provide additional stability when seated or
may aid in the contraction of abdominal muscles for those who are
experiencing difficulty with bowel movements.

DISCUSSION _

The Reversible Toilet Transfer Seat had a pre-market introduction at the
HIDA (Health Industry Distributors Association) show in August 1998.
The response was excellent and orders were received even though
production had yet to begin. The formal introduction was at Medtrade 1998
and the response to the product was phenomenal. Buyers and therapists
were excited that there was a non-elevated seat™to help people who need
extra assistance but who do not require an elevated seat. Maddak continues
to review consumer oriented commercialization reports on technologies
from AZtech for their next successful venture.

Reversible Toilet Transfer Seat
Maddak, Inc.
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CRITICAL FACTORS FOR EVALUATING AND COMMERCIALIZING INVENTIONS

James A. Leahy
RERC on Technology Transfer
Center for Assistive Technology, University at Buffalo
Buffalo, NY, U.S.A.

ABSTRACT

The Rehabilitation Engineering Research Center on Technology Evaluation and Transfer (RERC-TET)
operated from 1993 to 1998. Its objectives were to identify prototype assistive devices, evaluate their potential
value for consumers, and work to commercialize those with apparent value. The RERC-TET met its
objectives by evaluating hundreds of prototype assistive devices, and transferring an average of five per year
to manufacturers through licenses. This paper reviews the experiences, relevant findings and some of the
critical factors of a successful technology evaluation and transfer program in the field of assistive technology.

BACKGROUND

The RERC-TET was funded by the National Institute on Disability and Rehabilitation Research, U.S.
Department of Education. The RERC-TET was a partnership of three organizations, each representing a
different perspective on the marketplace (1). The Center for Assistive Technology at the University at Buffalo
performed the administrative functions of the grant, the initial screening of all contacts and the technical
evaluations of submitted devices. Aztech, Inc., a not for profit community based enterprise run by and for
persons with disabilities, was established by the RERC as the commercialization arm of the RERC. The third
partner, the Western New York Independent Living Center or ILC, is a consumer advocacy group. The ILC
Team brought the consumer focus to submitted devices (2).

The RERC-TET focused on implementing a supply push model of technology transfer. Within the supply push
model, the RERC-TET solicited inventions of assistive devices, refined promising prototypes, and licensed
them to manufacturers who transformed them into commercial products available in the marketplace.

APPROACH

The RERC-TET ran an exhaustive series of evaluations (3). The evaluations approved only new and unique
inventions that demonstrated technical feasibility, market potential, and consumer acceptance. We then secured
an agent agreement with the inventor. This allowed us to seek a commercial partner and form a product team
comprised of members from our technical, marketing, and consumer groups.

The product team integrated all relevant device specific material into a commercialization package that was
sent to prospective, previously identified, companies doing business in that device’s specific market sector.
These specific action steps and the RERC product team process are reported in greater detail elsewhere (4).

RESULTS

The large number of devices evaluated through this supply push program revealed critical factors which
inventors, product developers, technology transfer agents, and companies could address to increase their
success in transferring a new product into the marketplace.
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Critical Factors for Evaluating and Commercializing Inventions

Critical success factors for inventors:

a) Perform an extensive competing product search to verify that their product is unique and truly needed by
individuals. One avenue to accomplish this is to seek out catalogs and companies manufacturing similar
products through visiting DME dealers and contacting professional organizations. Other options include
surfing the web for both similar products and patents. (e.g. During the RERC-TET s existence, over 60% of
the device submissions were rejected due to the existence of a competing product unbeknownst to the
inventor.)

b) Visit retailers and professionals to learn how individuals currently address that function or need through
products currently in the market. Inventors should also seek out information about how those current products
could be improved or in what areas they are deficient. It is not necessary to create a new product when
improving an existing one meets the user needs. (¢.g. Wheelchair battery charging systems vary widely.
Rather than inventing a new system, a company or inventor would best be served by improving existing
systems already in the marketplace.)

c) Contact prospective users of their device, seeking information about how they, the consumer, currently
address the need the inventor’s device addresses. Again, inventors should also seek out information about how
current products used by the consumer may be improved or in what areas they are deficient and incorporate
this information in their design. Inventors must recognize that consumers sometimes prefer a no-tech option
because a device may not always be at hand. (e.g. An old example of a no-tech option is consumers may
prefer to dry their hair utilizing a towel rather than an electric hair dryer.)

Critical success factors for product developers:

a) Partner with the appropriate stakeholders — manufacturers who have to produce a product at a profit and
customers who make decisions to buy or use a product.

b) Seek out consumer input as to what features and qualities an invention may be lacking to make it a useful
device that truly fulfills the needs of the consumers.

¢) Be aware of and consider the manufacturing technologies that would be needed to mass produce a product,
thereby choosing a method and material that would be most beneficial to a licensing manufacturing company.
(e.g. Exotic materials or processes should be avoided. Very few companies in the Assistive Technology field
have the resources 1o invest in a new process for just one device in their product line.)

Critical success factors for technology transfer agents:

a) Develop industry contacts and profiles so the agent can present their product to the right people, the right
companies in a format acceptable to them. (e.g. Possessing manufacturer profiles incorporating product
lines, company policy, and correct contact information, is of paramount importance in being able to locate
a company to license a product.)

b) Develop a comprehensive commercialization packet for presenting critical information to prospective
licensing companies. (e.g. In most cases you will only have a few minutes of a corporate decision makers
time for reviewing your material. It must be concise, possess needed information on marketing, technical
and consumer issues and be formatted in a manner they can easily access and is familiar to them.)

¢) Educate inventors on reasonabie expectations for royaities acceptabie to companies iicensing their device.
Royalty rates of four to six percent are typical within our industry. (e.g. In the RERC's existence we have had
inventors receive and turn down lucrative, by industry standards, licensing and royalty offers in the hopes
that they would get that “Pot of Gold” that they wanted. In fact their demands were excessive and
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Critical Factors for Evaluating and Commercializing Inventions

unrealistic and they thereby missed the corporate “window of opportunity” to license their product. The
corporation must go on to other producits.)

Critical success factors for companies:

a) Recognize inventors as opportunities to improve existing products and expand their product lines.

b) Listen to the end users when developing features of a product. Incorporate key consumer criteria in the
design/sale/servicing of new products (5).

¢) Accept and direct input from outside sources as a source of competitive advantage.

DISCUSSION

The most successful inventions, as common sensical as it may sound, are devices that fulfill a truly unmet need
for at least a minimum segment of people and that address the critical factors mentioned previously. For
inventors it is imperative for them to learn that their device is unique and to involve the end users of a device.
Utilizing end user input in product development and in the marketing of a device will ensure a successful
launch of a new and useful product.

For technology transfer agents it is necessary to possess the knowledge of which companies are seeking to
introduce new products, and which corporations will not accept outside inventions. It is imperative that a
commercialization packet that technology transfer agents will present to manufacturers contains a detailed
consumer evaluation of the product, an extensive look at competing products in the marketplace and their
device characteristics, a realistic and substantiated marketing/sales projection, and a technical evaluation of the
device with suggested design changes. This, in effect, reduces the amount of effort and time a company has to
expend in evaluating the device’s new product potential. To optimize a company’s return on investment, some
new products must be brought to market quickly as they have a small entry window in the marketplace before
they are surpassed by newer technology.
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OVERVIEW OF RERC ON TECHNOLOGY TRANSFER (1998 - 2003)
Joseph P. Lane, Director
Center for Assistive Technology, University at Buffalo

ABSTRACT

The Rehabilitation Engineering Research Center on Technology Evaluation Transfer was
established to facilitate and improve the technology transfer process within the field of assistive
technology. It operates transfer programs to bring new inventions/technologies to the field (supply
push), and identifies potential technology solutions to unmet needs (demand pull). The results of
the activity are being documented through research, evaluation and dissemination programs.

BACKGROUND

The Tech Transfer RERC is designed to function as an intermediary and a catalyst, improving the
technology transfer process while expanding the network of participants in the field of assistive
technology. Accomplishing the mission requires close collaboration with academic, industrial,
clinical, consumer and government stakeholders.

The Tech Transfer RERC is a partnership of four entities experienced in assistive technology
evaluation, transfer and commercialization. the Center for Assistive Technology at the University at
Buffalo, the Western New York Independent Living Center, AZtech Inc., and the Research Triangle
Institute. The Tech Transfer RERC is funded from 1998 to 2003 by the National Institute on
Disability and Rehabilitation Research.

OBIJECTIVES

The Tech Transfer RERC has six Strategic Goals, each targeting specific objectives:

1. Improve the variety, quality and choice of products available in the marketplace through a
Demand Pull model of technology transfer (i.e., identify product limitations, identify and validate
technology solutions, then deliver them to industry). We expect to transfer up to three breakthrough
technologies to industry per year to meet the objectives of device development and utilization.

~

2. Improve the variety, quality and choice of products available in the marketplace through a
Supply Push model of technology transfer (i.e., identify innovative technologies and product
prototypes, validate them by seeking product limitations and market opportunities, and deliver them
to industry). We expect to transfer three to five new inventions to the marketplace per year, to meet
the objectives of device development and utilization.

3. Evaluate internal and external models, methods and outcomes of technology transfer for
continuous program improvement. Technology transfer occurs in dynamic environments and an
intermediary requires feedback from all stakeholders. This activity meets the objectives of research
and program evaluation.

1T 0
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Overview of RERC on Technology Transfer.

4. Facilitate technology transfer by providing support and assistance on technical, marketing and
end-user issues to RERC’s and all other stakeholders. This will meet the objectives of training and
technical assistance.

5. Document technology transfer program models, protocols and outcomes and disseminate to all
stakeholders through appropriate forums and in accessible media, for dissemination purposes.

6. Establish strategic partnerships to accomplish the Mission, because it requires intensive
cooperation and the commitment of each stakeholder group’s management. This will meet the
objective of collaborations with all stakeholder groups.

APPROACH

The Tech Transfer RERC has defined methods for accomplishing every objective. The dual
objectives of device development and utilization will be met through the two approaches to
technology transfer: supply push and demand pull technology transfer.

In the supply push approach, technology producers (e.g., inventors and researchers) push new
technology developments toward the technology consumers (e.g., manufacturers and government
agencies). This is called supply push, because the technology transfer process starts with an
identified technology that is seeking an appropriate application.' In this approach, the technology or
product supplied is pushed toward the marketplace with the expectation that it will meet a demand.

In the demand pull approach, product consumers (e.g., end-users and service providers) pull at
product providers (e.g., manufacturers) to meet unmet needs.’ This is called demand pull because
the technology transfer process starts with an identified unmet market need which is seeking an
appropriate solution—the identified demand is pulling a technology or a product toward it.>

Regardless of whether the approach is supply push or demand pull, a successful technology transfer
will only occur if a manufacturer is willing and able to transform a technology in supply into a
product in demand. The Tech Transfer RERC provides technical, market and end-user analysis to
ensure that all of the stakeholders — particularly the private sector companies — are ready, willing
and able to complete the transfer.

The Tech Transfer RERC is conducting one major demand pull project each year, focused on a
particular assistive technology industry. The current project is assessing technology underlying
wheelchairs and seating. The demand pull project involves five general steps. First experts profile
the current technology limitations that result in functional limitations for devices or device users.
Second, companies express their relative interest in overcoming the various limitations identified.
Third, a forum involving all relevant stakeholders validates the importance and priority of the
possible options. Fourth, the leading technology needs are translated into technical specifications,
and circulated to all possible sources of new or improved technology solutions. Fifth, the responses
are screened and offered to the private sector, along with appropriate technical assistance. '

The Tech Transfer RERC’s supply push program is similar to that operated by the RERC on
Technology Evaluation and Transfer over the past five years.* The major difference is that instead
of having an open call for inventions, the program now limits evaluations to devices submitted on
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Overview of RERC on Technology Transfer

referral from qualified sources. Submitted devices are reviewed for their technical, business and
consumer merit. Devices with strong potential value to the marketplace receive our development
and commercialization assistance. We are currently evaluating innovative devices in the areas of
mobility, daily living, workplace ergonomics, and environmental control.

RESULTS
Both technology transfer programs have been underway since October 1, 1998. The most current
summary of work in process and results achieved will be reported during the RESNA conference.

At that time, the demand pull project will have disseminated the technical specifications for key
requirements to advance the state of practice underlying wheelchair and seating assistive devices.
These will be available to the attendees. There may even be some progress to report on solutions
offered in response. Also at that time, the supply push project will be able to report on progress in
licensing innovative devices for manufacturing and distribution.

DISCUSSION N

Functioning as a facilitator and a catalyst requires the Tech Transfer RERC to work in real time on
the current needs of the private sector, particularly in those areas with a consensus on needs from
the other stakeholders. By focusing the demand pull project on one industry each year, the RERC is
identifying technologies ready for transfer in the short-term, and identifying areas requiring
additional research and development in the long-term. By limiting the supply push pl‘OjeCt to a few
devices with significant potential benefit to their producers and consumers, the RERC is focusing its
resources to optimize the potential outcomes. The accompanying research, training, dissemination,
technical assistance and evaluation programs, are all vehicles to share the experience gained
through the actual process of transferring technologies to the assistive technology marketplace.
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MODIFICATION OF A CAMCORDER FOR A PERSON WITH CEREBRAL
PALSY
Paula C. St. Georges and Scott R. Hayden
Vermont Technical College
Randolph Center, VT 05061

ABSTRACT

Jennifer, a 13-year-old, non-ambulatory young woman, wished to be able to
videotape family, friends, and school activities. A video camcorder, with rotating 270
degree, three inch LCD screen, was mounted on and adapted to use on her powered
wheelchair. The remote control unit was re-wired and connected to the two
Environmental Control Outputs (ECU) located on Jennifer's wheelchair. This allowed
the functions of the camcorder to be accessed through the use of her chin switch. This
was done in order to avoid hard-wiring the camcorder directly. Jennifer was able to learn
how to control the camcorder with just a little practice.

BACKGROUND

Jennifer, a thirteen-year old young woman, physically challenged with Cerebral
Palsy, living in central Vermont, wanted to be able to independently use a camcorder.
With no commercially available products on the market, Jennifer was unable to use the
. camcorder. Jennifer has many physical limitations, and has no functional use of her arms
and legs. She needs assistance in getting in and out of her wheelchair. Her only means
of access is through the use of her chin switch and scanner. This is currently how
Jennifer operates her wheelchair and augmentative communication device. Jennifer does
well with this set up. She also frequently uses this set-up to access her computer.
Assessing her control unit, two ECU inputs were found available to be utilized.

METHOD

A JCV GR-AXM 700 LCD Compact VHS Camcorder was mounted on the
wheelchair. The camcorder was interfaced with the one chin switch. The interface
consisted of rewiring the internal parts from the camcorder's remote with two CD4016M /
CD4016C Quad Bilateral Analog/Switch Multiplexer chips. The remote control had two
commons; one with three outputs and the other with five. This caused a problem, due to
the fact that the ECU is only capable of handling four inputs. Quad Bilateral Switch chips
were chosen to alleviate this problem.

Originally, it was thought we would be able the run the wire straight from the remote
control unit directly to the nine pin connector. We also had a problem with soldering the
wires to the board, and turned to conductive glue. The problem with conductive glue was
it took too long for the glue to dry, and the wires would move or break off the board.
Finally, after exploring various other options, we turned back to soldering the wires and it
worked. We began by soldering to the topside of the board later realizing we could solder
to the bottom side of the remote and finished soldering there.

After that mishap, various control options were soldered to the two Quad Bilateral
Switch chips, which in turn, were connected to two nine pin D-Subminiature connectors.

- 10
RESNA ’99 o Juné 25% 29, 1999




The limitation was four inputs per ECU, which were normally open contacts. This made
eight overall inputs available. Each ECU has to be activated by the chin switch and
scanner allowing only four choices at a time. Therefore, record, zoom-in, zoom-out and
pause were grouped together. In addition, play, stop, fast-forward and rewind were
grouped together.

The interface mechanism was housed in a plastic utility box (6 in. x 3 in. x 2 in.).
The LED was removed from the remote control and attached to a cable. This cable ran to
the front of the camcorder and connected to the plastic utility box via a phone jack.,
There is also an On/Off switch mounted to the side of the plastic utility box. This switch
is used to power the interface mechanism with three volts D.C., which is powered with
two AA batteries. This box is attached with Velcro to the top of the control unit in back
of Jennifer's wheelchair.

Environmental Control Output Designations from Jennifer's wheelchair. — These
connects are normally open relays.
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ECU One ECU Two
PIN DESIGNATION PIN DESIGNATION

1 Zoom T (zoom in) 1 FF (Forward Fast)**

2 Zoom W (zoomout) 2 Rew (rewind)**

3 Start/Stop 3 Play*

4 Pause* 4 Stop*

8 Common 8 Common
5,6,7,9 N.C. 5,6,7,9 N.C

*Only VCR Mode ** Both VCR and Camera Mode

In mounting the camcorder, one of Jennifer's old locking arms was used. The
camcorder base attachment plate was an old triangular aluminum plate, from the locking
arm, measuring 6 in X 6 in, which was milled into a triangular shape with two of the
corners cut off. The piece now measured 6 in. x 4-% in, and was shaped somewhat like
an arrow. Non-slip material, Dycem, was glued to the base plate to reduce shock and
slipping of the camcorder. The camcorder was attached to the base plate by a ¥4 in./20
knob screw. By placing the locking arm on the right side of Jennifer's wheelchair and
making a few minor adjustments Jennifer was able to see the 3 in. LCD screen on the
camcorder.
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RESULTS AND BENEFIT

Jennifer was able to operate the camcorder with a little practice. It was easy to use
due to the fact that the controls were the same as the ones used when driving her
wheelchair and operating her augmentative communication device. The control pattern
was setup in a simple way to make the controls easier to learn. All Jennifer had to learn
was which button worked each control. The mounting system is easy to use and re-
position. Presently she is using the camcorder to tape her class officer meetings. Jennifer
is the secretary of her class.

DISCUSSION

This product works great for Jennifer's needs. The camcorder mounting system is
easily adjusted. Since Jennifer already had the locking arm and GR-AXM 700 LCD
VHS Camcorder (MSRP - $999.95), only a few parts costing about $30.00 and extra
remote unit at $32.55 were required. Total cost to complete this project was a little less
than $65.00.

This project took us five weeks to put together working about 20-30 hours per week.
We had no previous knowledge of how any of the wheelchair parts or the how the camera
worked and spent many hours learning about all the equipment. Once we had a clear
understanding of how all the equipment worked, it took about a week to put together.

This camcorder set up works well for Jennifer, however the camcorder itself and the
interface mechanism still have to be manually turned on/off as well as changing from
video to VCR mode, which has to be done for Jennifer.

Not only was this a great learning experience, it also makes Jennifer happy. She now
can do something that she was unable to do before.

REFERENCES
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DESIGN FOR AUTOMATIC SYRINGE OPERATION

Sue Chien-shy Lin B.S., Glen Ashlock M.S. ATP, and Simon P.Levine, Ph.D.
Rehabilitation Engineering Program, Department of Physical Medicine and Rehabilitation
University of Michigan Ann Arbor, MI 48109

Abstract

Syringe operations performed daily by a patient with paraplegia for urine extraction from
and irrigation of a surgically created bladder operation resulted in carpal tunnel syndrome. In order
to alleviate hand and wrist pains, two approaches were taken: adaptations to existing syringe
operation and use of a electrical fluid pump. The DeVilbiss Vacu-Aide Portable Aspirator ',used for
tracheal extraction, was identified as the final solution. Given the frequent occurrence of carpal
tunnel syndrome in scientific and hospital laboratories, further investigation on the application of
automatic means to replace manual syringe operations seems warranted.

Background

This case study involves a client whose regular use of a syringe led to the development of
carpal tunnel syndrome. The client was a 51 year-old female with L4-S1 incomplete paraplegia
who had a surgically created alternative bladder called an Indiana pouch. Her diagnosis also
included hiatal hernia with reflux, premature ventricular contractions, asthma, and peptic ulcer
disease. In September of 1990 she experienced the onset of left lower extremity radicular pain with
paresthesias. Subsequently, she underwent lumbar laminectomy at L4-5, however low back pain
continued post-operatively. In addition, left sided foot drop and some urinary incontinence
developed after the surgery. In 1991 another surgery was performed for a L4 to S1 fusion with L4-5
foraminotomy. After the second surgery, her urinary incontinence persisted and she was diagnosed
with bladder dysfunction secondary to her back disease, or more specifically poor bladder sensation
and detrusor instability with a coordinated sphincter.

In 1994 the client underwent surgical procedures for a continent Indiana pouch. The
Indiana pouch was formed by sectioning off the ascending colon and ileum from the transverse
colon and small intestine respectively. The colonic end of this isolated bowel was sutured closed,
the ileal end of the segment was brought through the abdominal wall to a stoma, and the ureters
from the kidneys attached to the pouch (Davidson et al., 1990).

The Indiana pouch had to be drained every four to six hours through self-catheterization. To
alleviate the effects of mucus secretion from colon membrane, occasional irrigation was also
required to maintain the viability of pouch. The catheterization methodology confounded
discomfort in the client’s wrist and hand that she had previously encountered and she was diagnosed
with carpal tunnel syndrome. As a result, her case was referred to our program. A description of
the process to find an alternative solution for urine extraction is presented.

Problem

Self-catheterization was a two-step process: (1) urine extraction and (2) pouch irrigation.
Urine extraction consisted of inserting the catheter into the stoma, connecting the catheter to the
syringe, and drawing urine from the Indiana pouch. For irrigation, saline solution was injected into

' DeVilbiss Vacu-Aide Portable Aspirator Med Equip 2850 S. Industrial Hwy., Suite 25 Ann Arbor, MI 48104
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the pouch via catheter and drained out of the pouch. Irrigation was repeated until mucus secretions
were adequately thinned. Since the left and right hand stabilized the catheter and the syringe
respectively, the right thumb was used to both pull and push the 200cc disposable syringe. Asa
consequence of daily catheterization, the client reported hand swelling and numbness in the median
distribution of the hand, resulting in the carpal tunnel syndrome diagnosis in the summer of 1998.

Objective

An alternative catheterization strategy that resolved the issues of high repetition and force
while maintaining the integrity of the Indiana pouch was needed to prevent further aggravation of
her carpal tunnel syndrome.

Method

As an attempt to define a simple and cost-effective solution to free the hands, the first
approach taken was to construct a syringe holder mounted on an U-shaped base made from Kydex
board. The syringe holder had lock-in mechanisms that secured the needle nozzle and the rim of the
syringe. The U-shaped base was shaped around the client’s right hip, which allowed the client’s
body weight to secure the syringe to the stoma. An adaptive handle for the push and pull of the
syringe was connected to the dispenser.

After experimenting with the syringe holder, the client reported several complaints. First,
the U-shaped base did not fit well when she assumed different body positions. Second, despite the
redistribution of hand pressure from the adaptive handle, hand and wrist pains continued. Third, the
size of the syringe holder created problems of aesthetics and traveling convenience. Although
further modification were attempted to address these issues, the client did not find them satisfactory.

The second approach taken involved the use of fluid pumps for draining and irrigation. A
variety of pumps (e.g. fuel pump, food processing pump, laboratory pump, respiratory suction aide
etc.) were analyzed. Each pump’s qualities were matched against the following criteria:

1) functionality in bed and in wheelchair

2) portablity

3) 300-500 ml volume capacity

4) maximum pressure of 600 mmHg (based on pouch tolerance)
5) ability to manage mucus secretion

After considering the alternatives, the DeVilbiss Vacu-Aide Portable Aspirator was chosen.
It had a vacuum range from 50 to 375 mmHg and a 1000 ml collection bottle volume. Thus, its
applied pressure range resided in the region tolerable by the walls of the pouch and the capacity was
sufficient for urinary waste extraction. In addition, this suction machine was designed to handle
mucus secretion from the trachea, and so was assumed to be able to manage pouch secretions.
Finally, the price of the portable suction aide was within the budget specified by the insurance
company.

Results

The client was extremely pleased with the Vacu-Aide Portable Aspirator. In later follow-
ups, the client highlighted many good aspects of Vacu-Aide. For example, it could be soap-washed
daily. Also, sterile catheters and other tubing materials could be readily obtained at medical
equipment facilities. In addition, the Vacu-Aide could be battery-operated. Lastly, in traveling

RESNA ’99 ¢ June 25 - 29, 1999

128

ERIC

IToxt Provided by ERI



situations, the suction aide had compact dimensions that fit well in her wheelchair bag. Perhaps the
client’s own words best summarized the results: “Everyone with an Indiana pouch should have one
of these things.”

Discussion

The search for appropriate solutions brought about three important points. First, while the
syringe holder was an attempt to alter the distribution of stress and strain on the median nerves, the
client reported that the wrist and hand pains remained and so adapted syringe operation was not
well-received. It is possible that underlying this rejection was the client’s desire to replace syringe
operations completely.

Second, when identifying the best mechanical pumps to replace syringe operations, it is
much preferred to employ equipment used for other medical application rather than non-medical
equipment. Medical equipment is designed with specific criteria suitable for the human physiology
such as biological specificity, pressure sensitivity, and sterilizability.

Third, an important problem requiring attention is the development of carpal tunnel
syndrome as a consequence of syringe operations. In the course of this case study, we solicited the
advice of the staff in the Urology Research Laboratory for possible laboratory pumps suitable for
pouch drainage and irrigation. They were extremely interested in our case especially since several
of them had been suffering from hand and wrist pains from daily syringe and pipette operations.
Thus, they wanted us to correspond with them if a solution was found. The development of carpal
tunnel syndrome from periodic syringe operations seems to be an important issue that needs to be
addressed. Perhaps an approach similar to that described here can be developed for applications in
laboratories and other environments.

Reference

1. Davidson, M.W. et al. (1990) Continent Indiana Reservoir: Nursing Management.
Ostomy/Wound Management Nov-Dec 1990, 50-57.

2. Hagberg, M. et al. (1995) Work Related Musculoskeletal Disorders (WMSDs): A Reference Book
of Prevention. London : Taylor and Francis.

3. Rosenbaum, R.B., Ochoa, J.L., (1993) Carpal Tunnel Syndrome and Other Disorders of the
Median Nerve. Stoneham : Butterworth-Heinemann.

4. Szabo, R. (1989) Nerve Compression Syndromes: Diagnosis and Treatment. Slack Incorporated.

Acknowledgements
The authors would like to thank the Univerisity of Michigan Rehabilitation Engineering Program
for support in this project.

Sue Chien-shy Lin

Rehabilitation Engineering Program
1C335 University of Michigan Hospital
Ann Arbor, MI 48109-0032
(734)936-7170 fax: (734)936-7515
Email: lincs@umich.edu

0
RESNA ’99 o June 5° 29, 1999 117




Adaptive Technology in the Kitchen Area for an Individual Who is
Visually Impaired/Blind

Maleshia Jenkins

Abstract

This papér describes many kitchens related devices that will assist an individual who is
visually impaired or blind in preparing meals and snacks. The devices perform making tasks and
are cost effective. These items are common household items with modifications, adaptive devices
and audible cues to assist individuals who are visually impaired or blind from creating any safety
hazards. With these devices, individuals who are visually impaired/blind can live independently.
By being an advocate for independent living and supporting the manufactures who make these
items, we can reduce the biggest fears of individuals who are visually impaired/blind, which are

feeling different, disconnect or dependent.

Background

Many people who are visually impaired/blind wish to live independently and make choices
over their own lives. Years ago, the level of adaptive technology for this population were a few
devices but not many. Through research, advocacy and financial support, many devices and
equipment have been created and modified to help these individuals gain the independence they
desire. Then, the technology had been created but it was very expensive and hard to locate these
items. Currently, some of these items are sold in common appliance stores and special devices
can be requested, shipped and delivered by companies who specialized in manufacturing these
items. We have come a long way in adaptive technology for the visually impaired/ blind

population. But unfortunately, they are still experiencing feelings of being different, disconnected
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and dependent.

Objective
To identify many kitchens related devices that are cost effective for individuals who are

visually impaired/blind and that will assist them with living independently.

Approach

First, I identified kitchens related items that were commonly used by individuals with no
visual disabilities. I next identified if modifications have been made on these commonly'used
kitchen devices. Ilocated several kitchen devices with adaptive technology. 'I began to compare
prices of several devices and created a list of these items. On the list, I identified these devices,

gave a brief description of them and indicated the individual and total cost of the devices.

Results

The “Say When” Liquid Level Indicator -- the device is designed for visually impaired/blind
population which makes a buzz sound when the liquid is %% inch from the top. Cost $13.95

Food Bumper-- Snap-on food bumper is designed to keep food from sliding off of the plate when
a person who is visually impaired/blind is eating. Cost $2.95

Inner Lip Plate-- A person who is visually impaired/blind can slide their fork or spoon to the
edge of the plate for pick up of the food. Cost $4.25

Boil Alert--A heat resistant glasses disk that indicates when a device boils by making a rattle
sound. Cost $2.95

Color Coded Measuring Cups--Measuring cups that are colored with raised numbers and letters
for tactual assistance. These help visually impaired individuals to identify them easily. Cost $3.95

See and Hold Measuring Cups--Measuring cups with large numbers and white plastic. The
numbers are enlarged for individuals who visually impaired can see them better. Cost $3.95
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Automatic Peeler--Automatic peeler with rotating blades that will cut food items. Individuals
who are visually impaired/blind decrease their chances of experiencing injury from a knife.
Cost $11.95

Microwave ovens w/ braille--These microwaves are fast, clean and easy to use. They include
brailled templates for control devices. Cost $159.95

Automatic Perk--Coffee pots with automatic temperature controls, heat-resistant handle and
water level markers. This device will decrease the risk of injury for someone who is visually
impaired. Cost $21.95

Fray Pan w/Braille--Temperatures are indicated with raised dots which control safety hazards.
Cost $47.95

Tactile Portion Control Scale--This scale indicates weights with tactile dots. Especially helpful
for individuals who are diabetics and they are visually impaired/blind. Cost $19.95

Tactile Meat Thermometer--Fahrenheit demarcations marked with tactile dots. Cost $14.95

Toaster/Oven Broiler--Multipurpose oven w/ high marks indications of degrees. Cost $59.95
Crock Pot--Three setting audible click controls. Cost $32.95

Slicing Guide & Roaster Holder--Knife in grooves for safely slicing food items. Cost $19.95

Flame Tamer/Heat Diffuser--Controls flames of a gas stove. Cost $2.95

Discussion

The list of items above supported my objective by identifying devices that were affordable
and assisted individuals who are visually impaired/blind with living independently. 'l;he evaluation
has been conducted using the criterion for the assessment of Adaptive Technologies which are
functional items, easy to use, acceptable in appearance, affordable and provide independence.
References
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THE HEPHAESTUS SMART WHEELCHAIR SYSTEM
Richard C. Simpson', Daniel T. Poirot?, Mary Francis Baxter®
'"TRACLabs, Houston, TX; *WindRiver Systems, Houston, TX

3Texas Woman’s University, Houston, TX

ABSTRACT

The Hephaestus' Smart Wheelchair System is envisioned as a series of components that clinicians
and wheelchair manufacturers will be able to attach to standard power wheelchairs to convert them
into “Smart Wheelchairs.” A prototype of the system has been developed and evaluated in
preliminary user trials. '

BACKGROUND

The needs of many individuals with disabilities can be satisfied with power wheelchairs, but there
exists a significant segment of the disabled community who find it difficult or impossible to operate
a standard power wheelchair. This population includes, but is not limited to, individuals with low
vision, visual field neglect, spasticity, tremors, or cognitive deficits. To accommodate this
population, several researchers have used technologies originally developed for mobile robots to
create “Smart Wheelchairs.” Smart wheelchairs typically consist of a standard power wheelchair
base to which a computer and a collection of sensors have been added. Smart wheelchairs have
been designed which provide navigation assistance to the user in a number of different ways, such
as assuring collision-free travel, aiding the performance of specific tasks (e.g., passing through
doorways), and autonomously transporting the user between locations.

STATEMENT OF THE PROBLEM

Despite the increased interest in smart wheelchair research, smart wheelchairs have yet to make the
leap from research project to rehabilitation product. A primary obstacle to successfully
commercializing a smart wheelchair is the expense of the necessary technology. The goal of the
Hephaestus Smart Wheelchair System is to develop an affordable smart wheelchair solution that can
be successfully produced as a commercial product.

RATIONALE

Our goal is not to design an entirely new wheelchair from the ground up. Instead, the Hephaestus
Smart Wheelchair System is envisioned as a collection of inexpensive components (at first limited
to a microprocessor, sonar sensors, and bump sensors) that clinicians and wheelchair manufacturers
- will be able to attach to existing and newly built power wheelchairs to convert them into smart
wheelchairs. The navigation assistance that the Hephaestus System provides to users is based on
the navigation assistance behavior developed for the NavChair Assistive Wheelchair Navigation
System [1].

A key element of the Hephaestus System’s strategy for reducing the cost to the consumer is making
the system relatively simple to transfer between wheelchairs. Our intention is for a user to purchase
the system once and continue to use the system despite the number of times they change
wheelchairs during their lifetime. Reaching this goal will require making the system compatible

! Hephaestus, the Greek god of fire, craftsmen and smiths was the only Olympian with a disability. Hephaestus was
injured when his father, Zeus, flung Hephaestus off Mount Olympus for siding against him in a dispute with
Hephaestus' mother, Hera. To compensate for his disability Hephaestus built two robots, one silver and one gold, to

transport him.
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HEPHAESTUS SMART WHEELCHAIR SYSTEM

with several manufacturers’ wheelchairs and requiring few modifications to the power wheelchair
when mounting the system.

DESIGN
The following design criteria have been established for the Hephaestus Smart Wheelchair System:

Respect the user's input as much as possible. At all times, the actions of the smart wheelchair
should conform as closely as possible the desires of the user while still preserving the user's safety
and comfort.

Preserve the user's safety. There will always be moving obstacles that travel too fast to be avoided
or stationary obstacles that are difficult to detect, but the wheelchair should avoid colliding with any
obstacles that its sensors are capable of detecting. In addition, a variety of sensors should be
carefully positioned on the wheelchair so as to maximize the probability of detecting an obstacle.

Maintain ride comfort. The wheelchair should move smoothly, without sudden starts or stops.

Accommodate a large number of input methods. A tremendous variety of standard input methods
have been developed for wheelchairs (e.g., joystick, switch, head motion, pneumatic), and the smart
wheelchair should be capable of accepting commands from any of them.

Accommodate significant seating intervention. A large percentage of the target user population is
likely to need some form of functional seating support (cushions, lateral supports, head supports,
etc.). The system must not interfere with therapists' ability to meet clients’ seating needs.

Maintain a modular design. Modular hardware will facilitate adding to or repairing the system and
allow clinicians to transfer the system between wheelchairs.

DEVELOPMENT

The prototype of the Hephaestus Smart Wheelchair System is mounted on an Everest & Jennings®
Lancer2000 power wheelchair. Figure 1 gives an overview of the prototype. As shown in the
figure, the Hephaestus system interrupts the connection between the joystick and the controls
interface. The user's joystick input is intercepted by the computer, modified by the navigation
assistance software, and then sent to the control interface in a manner transparent to both the user
and the wheelchair.

The prototype is controlled by a standard analog joystick that, in an unmodified power wheelchair,
connects directly to the E&J Specialty Controls Interface (EJSCI), which provides an interface
between the wheelchair and a set of potential input and display units. On the Hephaestus prototype,
the cord connecting the wheelchair joystick and the EJSCI has been cut in two, to allow the
Hephaestus system to intercept and modify the user's joystick inputs. This approach means that the
prototype's hardware is already compatible with all Everest and Jennings controls that are designed
to interface with the EJSCI.

The Hephaestus system currently makes use of sixteen sonar sensors (configured to detect obstacles
a maximum distance of one meter from the wheelchair and a minimum distance of 8 centimeters
from the wheelchair). Thirteen sonar sensors are mounted on the wheelchair’s lap tray facing
forward or to the side of the wheelchair and three sonar sensors are on the battery box facing
backwards. Bump sensors represent the **sensors of last resort" on the smart wheelchair. When a
bump sensor is activated it brings the chair to an immediate halt. Bump sensing is implemented
using simple contact switches placed on the leading edges of the wheelchair. In the prototype
system, up to 24 switches can be mounted on any available surface on the wheelchair.

2 Everest and Jennings; 3601 Rider Trail South; Earth City MO 63045
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HEPHAESTUS SMART WHEELCHAIR SYSTEM

Unmodified Wheelchair Wheelchair with Hephaestus System Attached
: Sonar
Joystick Joystick ¥ | Sensors
l ] Computer
Control Control | : | Bump
Interface Interface | : Sensors
l l Hephaestus System
Wheelchair Wheelchair | :
Motor Motor
Controller Controller

Figure 1. Overview of the Hephaestus Smart Wheelchair System

EVALUATION

Several able-bodied and disabled individuals have participated in preliminary user trials of the

prototype. During the trials subjects were asked to complete several navigation tasks both with the

assistance of the Hephaestus System prototype and without any assistance at all. Results from the

trials indicate that the prototype does make it much more difficult to collide with obstacles, but can

increase the time required to complete navigation tasks (particularly for skilled wheelchair users).

DISCUSSION

The prototype Hephaestus System represents the first step in our plan to produce a commercial

smart wheelchair system. Future work includes replacing the current hardware with less expensive

components, developing enclosures to protect the components and facilitate mounting the system on

standard power wheelchairs, and designing the necessary hardware to make the system compatible

with wheelchairs manufactured by InvaCare, Sunrise Medical, and Permobil. The prototype will

also be used as the basis for more basic research in smart wheelchairs, including the use of voice

commands to operate a power wheelchair and the long-term effects of a smart wheelchair on a

user’s wheelchair navigation skills.
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A WHEELCHAIR-MOUNTED ASSISTIVE ROBOT

M.R. Hillman, K.L. Hagan, S.A. Hagan, J.E. Jepson.
Bath Institute of Medical Engineering Ltd.,

ABSTRACT

In the same way that an electric wheelchair is an effective solution to many of the mobility
problems of people with severe physical disabilities, a wheelchair-mounted robotic manipulator
may assist them in manipulative tasks. Since such a device operates in close proximity to the
wheelchair and the user, it must be completely safe and must not compromise in any way the use
of the wheelchair.

A wheelchair-mounted manipulator has been designed and is mounted above the rear wheel
of the wheelchair. For the manipulator to be an effective tool it must be easy and intuitive to
operate, and is therefore controlled by a familiar joystick input device.

BACKGROUND

There are several ways in which robotic technology can be applied to assist people with
disabilities. One approach is to mount the device to a fixed workstation. Another is to mount it
on a wheelchair. An earlier device designed by the Institute mounted a manipulator to a simple
wheeled trolley (1). The current project, described below, takes the basic upper arm mechanism
of the trolley-mounted manipulator, and mounts it to a wheelchair.

STATEMENT OF THE PROBLEM

Having surveyed the needs of people with severe physical disabilities it is possible to draw up
a list of activities which might be assisted by a robotic device.

e Eating and drinking: The device will need to be able to handle implements such as spoons,
forks, and cups as well as being able to handle some items of food directly.

e Personal hygiene: This might involve tasks such as washing the face, hands, and cleaning
teeth, as well as such simple tasks as scratching an itch.

e Work & leisure: This will involve handling items such as CD's, videos, remote controls,
chess pieces, books, computer disks and the telephone.
Mobility: Tasks such as opening doors and operating lift buttons.
General: General tasks will include picking up objects from the floor or from shelves.

/

” RATIONALE

Many of the tasks described above are common to all assistive robot systems. However some
tasks (for example handling computer discs) are more appropriate for a fixed site workstation,
perhaps used for a vocational application, while others, especially those identified under
"mobility" and "general", are more specific to a wheelchair-mounted manipulator. The trolley-
mounted manipulator referred to above has proved to be effective in some applications. This
project aims to make the same upper arm design available for a wider range of applications.

DESIGN

Design specification
Interviews with prospective users identified the following requirements and constraints for a
robotic device mounted on a wheelchair.

® Must be able to reach to floor and to head height and have good forward reach
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Must not compromise the manoeuvrability of the wheelchair

Must not obstruct the wheelchair user's vision

Must not create a negative visual impact

Must not affect the steering or control of the wheelchair

Must not affect seat adjustment (or any similar facilities of the chair).
Must not affect transfers into or out of the wheelchair.

Mock up device

The starting point of the design was the upper arm mechanism from the earlier trolley-
mounted manipulator. This operates in a horizontal plane and has a simple vertical actuator to
raise or lower it through approximately 0.45m. In order for the wheelchair-mounted application
to reach from floor to head height (a range of over 1m), and to integrate with the wheelchair, a
different approach was required for the vertical actuator.

The initial design envisaged a single stage vertical actuator mounted on a swinging link that
allowed it to be brought from the rear of the wheelchair to the front when required. This was
built as a non-working mock-up to gauge the reaction of users.

Vertical actuator development

T Both wheelchair users and others who saw the mock-
"+ up thought that the single stage actuator was too
| obtrusive. In order to overcome this, an extending
mechanism was designed with two parallel vertical
tracks. In its parked (lower) position the whole
mechanism does not extend above head height.

It was also found that the use of a hinged mounting
required too much clearance to the side of the wheelchair,
often not possible in a small room. The manipulator is
therefore now mounted in a fixed position above the rear
wheels. While not giving quite as much forward reach as
had been originally specified this seems a good
compromise solution. Mounting the manipulator at the
¢ side, close to the shoulder of the user, decreases the

| visual impact of the device, makes it less liable to

. damage and does not obstruct the wheelchair approaching

’ i a table or desk. Since the weight is over the fixed, rather

¢ than castoring, wheels the device does not greatly effect

.. . - .. the steering. The prototype is mounted on a
“esn e ngeandinavian Mobility" powered wheelchair.

Gripper

The end effector for the manipulator is a symmetrically opening gripper. Both grip faces are
kept parallel by a parallelogram linkage. An internal spring mechanism allows the grip force to
be varied. The gripper is designed to integrate with the aesthetics of the upper arm.

DEVELOPMENT

Upper arm

The upper arm is a direct development from the mechanism used in the trolley-mounted
manipulator. The basic structure of the arm is constructed from rectangular aluminium

¢
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extrusions, covered by plastic mouldings. The design has been developed in order to improve
accessibility for maintenance, to decrease costs and to improve the aesthetics.

Electronics

The electronics design is developed from the system used on the trolley-mounted
manipulator. A single board PC compatible processor mounted at the base of the arm sends
command signals to motor control boards (size only 50mm x 50mm) mounted within the arm.

User Interface Software

The user interface must allow a person with restricted control ability to control a complex
device with 6 degrees of freedom. The approach taken is for the user to control the manipulator
in real time with a two-degree of freedom input device (such as a joystick, for example). The
degrees of freedom of the manipulator are represented on different menus, displayed on a LCD
screen. The interface software enables the user to move easily between several menus, and select
the appropriate direction of movement of the manipulator.

EVALUATION

Evaluation is an integral part of the design process. The preliminary concepts for the vertical
actuator were mocked up for users. The interface software has also been tested by users
(implemented on a laptop PC) and valuable feedback incorporated into the design.

When the prototype device is assembled it will undergo brief evaluations with a number of
local volunteers. Since different volunteers use different wheelchairs, the device will initially be
mounted on a trolley that can be wheeled up to the wheelchair to simulate its final location.
Following further development, particularly in the area of integration with different wheelchairs,
three volunteers will test the prototype for a longer period.

DISCUSSION

At the time of writing the prototype is being assembled, and initial evaluations by users are
planned for early in 1999. Funding has been obtained for the evaluation and continuing
development for a further year.

REFERENCES
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DEVELOPMENT OF A MOBILE ROBOT WALKING AID FOR THE FRAIL
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ABSTRACT

This paper describes the development of a mobile robot walking aid specifically aimed at
addressing the needs of frail Visually Impaired People (VIPs). Frailty makes the use of
conventional mobility aids difficult or impossible and consequently VIPs are heavily
dependent on carers for personal mobility. In the context of an ageing population and
constraints on carers time this level of support may not be available. The sedentary
lifestyle that results causes a rapid deterioration in the physical and mental health of the
elderly person. The aim of this research is to develop a robot system that will increase
the independence of frail VIPs and to allow them to take exercise independently.

BACKGROUND

This paper describes the development of a novel mobile robot to improve the mobility of
the elderly visually impaired. Mobile robot technology is typically used in industrial or
space applications. It has also been used in assistive technology to develop smart
wheelchairs. This device aims to improve the independent mobility of the user without
requiring them to use a wheel chair. The aim is to provide a frail VIP with the confidence
to take moderate exercise within the confines of a rest home or hospital. This is achieved
by providinig physical support similar to that of a walker or rollator and the navigational
assistance similar to that provided by a carer or guide dog.

STATEMENT OF PROBLEM

Dual disability can severely limit the range of mobility aids a person may use. This is
particularly true of the frail VIPs. 75% of VIP’s are aged 65+ and frailty is also common
among this age group. An estimate of the number of people affected by this dual
disability can be gained from analysing the survey data produced by Ficke [1]. His study
of nursing home residents in the USA showed that of the 1.5 million residents, 22% were
visually impaired and 70% had a mobility impairment. This survey did not investigate the
prevalence of dual disability however Rubin and Sajivtj 6] have examined the links
between visual impairment and frailty. -
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RATIONALE

The application of robot technology to the mobility of the blind is a significant challenge
given the unfamiliarity of the aged with information technology, short-term memory loss
and motivational problems. The underlying principal in the design process was that of
Interactive Evaluation as described by Engelhardt and Edwards in [3]. This involved
regular contact with the users through interviews and field trials of prototypes and sub-
systems.

DESIGN

The design process was iterative, involving the construction and evaluation of three
prototypes and several user interface alternatives. The central concept is that of a walker
or rollator with the ability to avoid obstacles and inform the user about the environmental
conditions. Figure 1 shows the progression from concept prototype to the final active
prototype system. The main design challenges were the development of an acceptable
user interface and the development of a shared control system.

Figure 1: Concept Prototype, Rapid Prototype and Final Active Demonstrator
DEVELOPMENT

In the final system the user interface consisted of a set of user-input switches and a voice
input device. User feedback was provided by the user perceiving the movement of the
robot proprioceptively and by listening to voice messages that described the state of the
environment. The shared controller used a laser scanner and sonar to extract
environmental features. These features were combined with user input in a probabilistic
reasoning system. The reasoning system used the constraints imposed on the user’s
actions by the state of the environment to select the most appropriate action for the robot.

EVALUATION

During the development of the Active Prototype three field trials were carried out, in
seven locations, involving 30 participants, ranging in age from 55 to 94. During the trials
a wide range of design ideas were evaluated and the users were encouraged to suggest
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alternatives and improvements. The main factors evaluated were the acceptability of the
device in the target user group, the user’s feeling of security and safety while using the
device and the relative performance of different user interface configurations.

Participant’s responses in the trials were rated on a five-point scale ranging from 1-Very
Low to 5-Very High. Participants in the trials gave positive measures for the
acceptability noting that the device was easy to use (3.5) and that they felt quite safe
while using the device (3.2). When asked if the device would be useful, the Participants
gave they device a mean rating of (4.42).

DISCUSSION

This paper has described research to develop and evaluate a robot mobility aid for the
frail visually impaired. Itis motivated by the need to maintain the independent mobility
of frail VIPs within a structured environment such as a nursing home or hospital. Further
research is underway to develop a passive version of PAM-AID [4] and to integrate the
current version within and intelligent building system [5]
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ABSTRACT

Conventional joysticks are predominately movement sensing. Individuals with upper extremity
impairments may perform better if provided a joystick that requires force as well as movement.
This paper reviews recent literature and proposes two variable-compliance joystick designs. Both
have adjustable spring tension and force and displacement instrumentation. Plans for subject testing
are discussed.

BACKGROUND

The proportional joystick is the principal control interface for electric powered wheelchairs and
is often utilized to access other rehabilitation technology such as environmental control systems,
communication aids, and personal computers. Conventional joysticks use potentiometers or
variable inductors to generate proportional signals. Such joysticks can be referred to as ‘movement
sensitive’ because it is physical displacement of the stick that creates the proportional signal.
Resistive spring pressure is trivial - merely enough to return the joystick to the center position.

Isometric (physically rigid) joysticks use strain gage or piezo-electric technology to generate X
and Y axis signals proportional to the force applied. Isometric joysticks have been compared with
displacement sensing joysticks. (1,2,3) Movement-sensitive and force-sensitive joysticks represent
the end points of the movement - force continuum. While studies have also been done on damped
and hybrid joysticks (4,5), the authors have not found a study on the efficacy of Variable
Compliance Joystick (VCJ). A VCJ would possess both force and movement properties.

STATEMENT OF THE PROBLEM

Individuals with athetosis or tremer often have difficulties manipulating conventional joysticks.
Wheelchair designers accommodate for impaired control by developing power wheelchair
controllers which use microcontrollers to place limits on speed, turn rates and adjust motor torque
on uneven terrain.(6) A limitation of this solution is that the control enhancements are performed
outside the joystick and are not available if the consumer should want to use the same joystick to
accesss another type of assistive technology such as computer or voice output communication aids.
Users of assistive technology operate an average of four devices and favor the use of an integrated,
(single) control system. (7)

For several years, researchers at the Human Engineering Research Laboratories have been
developing and investigating a force sensing joystick with a built in microcontroller.(8) These
investigations have focused on comparing the benefit of a pure force-sensing versus pure
movement-sensing controls. Other studies (3) have cited the advantages of a control interface
customized to individual needs. The authors are intend to create a design that will permit investi-
gators to quickly vary the compliance during research trials and offer the subject an optimum fit.
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Variable Compliance Joystick

RATIONALE

As a joystick is advanced across the movement - force
continuum, the amount of voluntary force required to
achieve activation will increase while, hopefully, the
forces associated with unintended movement will remain
relatively unchanged. The result should be a higher signal
to noise ratio and better control. It is important that this
resistance be carefully selected, too much spring tension
would result in unnecessary fatigue of the operator’s upper
extremity.

DESIGN
The design features for the VCJ are:

e size and shape approximating current commercial
joysticks;

e both displacement and force signal outputs;

e incrementally adjustable spring tension; and

e individual regulation of the spring on each of the

Side View

four principal axes L i ]
.Tw? c!e51gn conc;ept§ are under developrpent. The first Figure 1. Universaf Joint Design for a
design is illustrated in Figure 1. It uses a universal joint Variablé Compliance Joystick

and torsion springs. The preloaded tension on the springs

can be individually adjusted by rotating and locking the endplates on the spring chambers.
Movement is detected by two shaft encoders; one for the X axis shaft and one for the Y axis shaft.
Force will be detected by laminating strain gages to four facets milled on the main shaft. This
design requires several pivots and seven to ten precision parts.

A second design is illustrated in Figure 2. The joystick
shaft is providing two degrees of freedom by means of a
commercially available spherical joint. As in the first
design, force data is collected by strain gages bonded to
squared off facets on the shaft. Below the spherical joint
the shaft is threaded. A central hub with a clearance hole
may be positioned anywhere on this shaft and secured by
lock nuts. This hub provides a variable length moment arm
for the spring action. The perimeter of this hub is drilled at
90 degree intervals to receive the wire end loops of four
tensile springs. The aluminum enclosure has four vertical
slots cut through the walls. A short stud with lock nuts
passes through each slot and provides the tie point for the
other end of each spring. To immobilize the joystick for
force-only testing, a jam nut is provided just below the . o

. . Figure 2. Spherical Joint Design
spherical pivot. Variable Compliance Joystick

To detect the position of the spherical joystick, a dual
axis optical PIN detector plate, as described by Gehlot (9), will be mounted on the floor of the
enclosure. The lower end of the stick will be drilled to receive a small focused beam lamp. When
the light strikes the plate, the plate will respond with proportional voltages on two output pins
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Variable Compliance Joystick

DEVELOPMENT/DISCUSSION

A prototype of the spherical joint VCIJ is currently under
construction. A digital photo is shown in Figure 3. An
interesting issue is how to prevent the joystick shaft from
rotating on its longitudinal axis without constraining the two
degrees of freedom required. The current plan is to place a low
friction bearing between the hand grip and the shaft to prevent
the operator from inadvertently twisting the shaft. The universal
joint design will be built in the event quality pilot data cannot be
collected with the spherical bearing prototype.

EVALUATION

The first author has completed a doctoral dissertation
proposal to test this joystick with subjects who have athetoid
cerebral palsy. The subjects will use the joystick to perform
computer screen tasks, e.g. icon acquisition and object tracking. , : .
The host computer will record joystick forces, joystick Figure 3. Prototype under Construction
displacement and the resulting cursor movements.
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ABSTRACT

This paper describes the implementation of a robot control architecture that combines a
manipulation task design environment with a motion controller. The ProVAR desktop manipulation
system is an assistive robot for individuals with a severe physical disability. The novel simulation/
preview user interface concept is based on two built-in characters (Jiminey and Pinocchio) to play
the roles of consultant and down-to-earth robot arm. This team-based interface concept maximizes
user performance and comfort in controlling the inherently complex mechatronic technology.

BACKGROUND

The precursor to ProVAR was DeVAR, the desktop vocational assistant robot [1]. The two share a
common geometry: a small robot arm mounted on an overhead track suspended above a desk work-
surface. DeVAR had a simple graphic interface and voice recognition unit. Tasks were position-
based and, as a result, “brittle”, not robust, since any small difference in position of an object could
cause the task to fail [2]. ProVAR is designed to handle such problems through force-based control.

For recent reviews on other rehabilitation robots, see [3], [4]. MASTER/RAID is similar to
DeVAR, but is set up in its own separate workspace adjoining the user’s workstation. The
commercially available MANUS wheelchair-mounted robot allows motion-level control in
unstructured settings; the Movaid project is developing a home use mobile robot.

STATEMENT OF THE PROBLEM

The primary users for a robot such as ProVAR are individuals who have a physical disability but
can communicate clearly and have normal cognitive ability, such as with high-level spinal cord injury
(SCI). There are about 89,000 individuals with quadriplegia as a result of a spinal cord injury in the
U.S. today, with an estimated 3,000 new injuries each year. Life expectancy is close to riormal,
which translates to a long-term need for technology aids and attendant care. It is estimated [5] that
there are 150,000 disabled people in the U.S. who could be candidates to use a robotic assistant.

RATIONALE

Assistive robots allow a person with a severe physical disability to perform Activities of Daily
Living (ADLs) and vocational support tasks. Typical tasks are handling books, medication, paper,
computer media, food and drink, as well as controlling office equipment. ProVAR facilitates task
construction and execution by non-technical operators and integrates sensor feedback to the robot’s
environment interaction and object handling.

DESIGN

ProVAR consists of a Statibli (Duncan, SC) PUMA-260 manipulator mounted on an overhead, 1m
long transverse track (see figure 1). The arm carries an Otto Bock (Minneapolis, MN) Greifer™, a
parallel-jaw device with pinch, grasp and hook prehension, and augmented with an encoder and FSR
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ProVAR System Design

(Interlink, Camarillo, CA) touch sensors. The
robot carries capacitive proximity sensors [12]
to detect obstacles.

The interface has several design layers: the
physical layer provides the user with access to
the operating system of the interface computer.
ProVAR uses ViaVoice voice recognition (IBM,
White Plains, NY) and the HeadMaster™ head
motion tracker for cursor control (Prentke-
Romich, Wooster, OH). The second layer is the
Windows-NT operating system software. The
third layer is the simulation/preview software
written in HTML, Java and VRML, and
accessed through a WWW browser (see figure 2).
This layer communicates to the control
computer for robot commands and status.

DEVELOPMENT

Dual-character user-interface: The theory of Social Responses to Communication Technologies
explains that an individual’s “interactions with computers, television and new media are
fundamentally social and natural, just like interactions in real life” [6]. This was a strong influence
on ProVAR’s interface design. A second design feature is the team-approach to design, learning and
problem-solving [7]. Based on these two concepts, ProVAR’s robot interface [8] is divided into two
parts: characters named Pinocchio (the robotic arm) and Jiminey (the GUI). The user, Pinocchio,
and Jiminey will work together to complete the desired tasks.

Figure 1. ProVAR System Components

Controller design: A 266 MHz Pentium-Pro-based computer uses hardware from Trident Robotics
(Minneapolis, MN) for the real-time control. An ATI Mini-40 F/T force sensor (Garner, NC) is
mounted at the PUMA-260’s wrist. Communication with the proximity and touch sensors occurs

A robot library written in C++ has been
developed to provide the control functions
(e.g., kinematics, forward and inverse
dynamics, trajectory generation). Under the
real-time operating system QNX (Toronto,
Canada), the controller has timer and
watchdog routines and drivers for encoder,
D/A, A/D and force sensor communication.
The control structure is based on the
operational space formulation [9] for unified
motion/force control and makes use of

e s

artificial potential fields for real-time, Figure 2. VRML Model of Robot Workstation
sensor-based trajectory modifications.

o
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ProVAR System Design

EVALUATION CONCEPT

User testing is pending. It will be based on
Nielsen’s “discount usability testing” method [10],
which entails in-depth testing with a small number
of subjects in a heuristic evaluation of system

ContolComputr (Phocchic) Contokr
QNX reatéme0S Controthoard

<> T
A

(C+)

function. This method was developed for complex S -~ ”

software products, for which traditional methods | v

often fail to assess system performance and (TRC06)

identify interface failure modes. . Y o
fy (m?f..%f‘.’m) Whoarts 4 g (bv:.nmirrﬂ)

DISCUSSION

ProVAR’s design provides a safe robotic assistant | Figure 3. Hardware/Software Architecture
in a semi-structured office workspace setting for a

person with a severe physical disability. The user interface has design provisions for handling
inherently complex interactions through team-based problem-solving approach concepts. The real-
time controller allows robust interactions with the environment in the face of unforeseen situations.
Evaluation studies will seck to validate the design choices and provide guidance toward the
development of a commercially and technically viable rehabilitation robot product.

ACKNOWLEDGMENTS

This project is funded by a Merit Review grant from the U.S. Department of Veterans A ffairs
Rehabilitation Research Service, with additional support from the Stanford University departments
of Mechanical Engineering and Computer Science.

REFERENCES

1. H.F.M. Van der Loos, VA/Stanford Rehabilitation robotics research and development program:
Lessons learned in the application of robotics technology to the field of rehabilitation. IEEE
Transactions on Rehabilitation Engineering, Vol. 3, No. 1, March, 1995, 46-55.

2. S.J. Sheredos, M.E. Cupo, Final Report, DeVAR Evaluation by the VA T echnology Transfer Section,
Baltimore, MD, Sept., 1994.

3. H.F.M. Van der Loos, .M. Hammel, R.F. Erlandson, eds., Special section on rehabilitation robotics.
IEEE Transactions on Rehabilitation Engineering, 3:1, March, 1995.

4. R.M. Mahoney, ed., Special issue on robotic applications in rehabilitation. Technology and
Disability, 5:2, 1996.

5. C.A. Stanger, M.F. Cawley, Demographics of rehabilitation robotics users. Technology and
Disability, 5:2, 1996, 125-137.

6. B. Reeves, C. Nass, The Media Equation. CSLI Publications, New York, 1996, p. 5.

7. D. Abrams, M. Wetherell, S. Cochrane, M.A. Hogg, J.C. Turner, Knowing what to think by
knowing who you are. British Journal of Social Psychology, June 1990, 29:2, 97-119.

8. J.J. Wagner, H.F.M. Van der Loos, L.J. Leifer, Dual-character based user interface design for an
assistive robot, Proceedings ROMAN-98 Conference, Kagawa, Japan, 9/30 — 10/2, 1998, 101-106.

9. O. Khatib, A unified approach to motion and force control of robot manipulators: the Operational
Space formulation. IEEE Journal on Robotics and Automation, 3:1, 1987.

10. J. Nielsen, The art of navigating through hypertext. Comm. ACM 33(3), March, 1990, 296-310.

AUTHOR’S ADDRESS
H.F.M. Van der Loos, RRDC, VAPAHCS, 3801 Miranda Ave. #153, Palo Alto, CA 94304-1200, vdi@stanford.edu

RESNA 99 ¢ June 25 - 29, 1999

148




DESIGN AND PRELIMINARY EVALUATION OF
FUNCTIONAL UPPER ARM ORTHOSES.

Whitney Sample', Rungun Ramanathan'*, Tariq Rahman', Silvio Eberhardt', Rami Seliktar’
and Michael Alexander’

‘Extended Manipulation Laboratory, *Rehabilitation Medicine, A.I. duPont Hospital for Children, Wilmington, DE 19803
*School of Biomedical Engineering, ‘Department of Mechanical Engineering, Drexel University, Philadelphia, PA 19104

ABSTRACT

This paper addresses the design and evaluation of functional orthoses for the upper arm. We have presented the
drawbacks of the currently used balanced forearm orthosis (BFO), obtained from user surveys and our engineering
perspective. Details about the two prototypes that we are currently designing are presented, along with some
preliminary results obtained from user trials. Discussions about the design choices, along with variations that were
tried before the current prototypes were developed are presented. During trials with one of the developed prototypes,
a user who previously could not move his arm without assistance, independently moved his arm in three-dimensional
space. This is a marked improvement in the functional capability of the user.

BACKGROUND

This paper addresses problems associated with the development of orthotic systems that support a disabled
person’s arm and augment his residual motor ability while utilizing his natural sensory feedback. There are a number
of disabling conditions, such as Duchenne muscular dystrophy (DMD) [1], and spinal muscular atrophy (SMA), that
result in the loss of proximal strength. This loss leaves the person with insufficient muscle power to move his arms in
space. These conditions however do not necessarily affect the distal motor control and do not impair the sensory
pathways. People affected with such diseases can benefit considerably from a system that supports their arms against
gravity and provides powered assistance when and if there is insufficient muscle force to perform functional tasks.

Articulated upper limb orthoses have been studied for many years. These range from the mobile arm support to
computer controlled, multi-degree-of-freedom devices. Among the earliest and most accepted passive family of
devices is the balance forearm orthosis [2]. Various forms of overhead slings and spring-loaded mechanisms have also
been used to assist arms with proximal weakness. Externally powered orthoses were also prototyped inCluding:
Engen's pneumatic orthosis system, Case Institute of Technology’s computerized orthosis, both controlled by wrist-
activated switches, and the Rancho “Golden Arm”, controlled by an array of tongue and eye switches [3]. None of
these powered orthoses reached an acceptable level of performance.

STATEMENT OF PROBLEM

The goals of this study are the design and fabrication of upper extremity orthoses, and the preliminary evaluation
of these devices by potential users. The electromechanical functional orthosis developed will provide for three-
dimensional spatial movements of the hand. The unique feature of the device will be that it provides gravity
compensation in the vertical direction, allowing a person with weak musculature to maneuver his or her arm in space’
with minimal effort. This is a considerable improvement over currently available options such as the balanced
forearm orthosis, which provides for movement only in the horizontal plane. The system will include electrical
motors that will act as amplifiers of strength for people with DMD and SMA. The device will be directly controlled
by residual muscle capacity of the user.

RATIONALE

The current prototypes are based on the feedback received during various meetings with potential users. Taking
what we have lcarncd from provious atiempts and simplifying the design will increase user acceptance. One of the
desired features is to keep the device as minimally visible and unobtrusive as possible. Hence, we have designed the
orthosis as a mechanized armrest so that the device appears to be an integral part of the wheelchair. This design
philosophy also allows for a more natural flow between tasks, including those that would not normally require a
functional orthosis. One such task that the users specifically requested was to maintain the use of the wheelchair
joystick without doffing the orthosis. Our development is based on the premise that power assistance may need to be
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Design and Preliminary Evaluation of a Functional Upper Arm Orthosis.

added later on. Therefore, we have designed each joint of the orthosis such that it can serve either as a passive or
powered joint.

DEVELOPMENT

Our first anthropomorphic prototype [4] was very bulky. The cables used to provide the spring - necessary for
gravity compensation - added considerable friction to the movement. Any misalignment of the arm to the orthosis
caused significant problems during actual movement. The original version did not sufficiently account for variability
in arn dimensions of different users.

Currently three users participate on a regular basis with the designers and provide feedback on the prototypes
developed. At the first meeting we presented them with various sketches and based on their input we developed two
prototypes: a functional armrest concept and a conical design. The first prototype, the armrest design shown in
Flgure 1 was tried with two users. This concept consisted of using a vertical gravity compensated movement in
i 2 concert with a radial sliding mechanism. Since it took the place of the users armrest,
fitting into the “standard” tube mounts, the perception that the device was anything
but an armrest was minimized. The concept of “replacing” the armrest proved
intriguing to the users, but in practice proved troublesome due to the non-standard
nature of armrest mounts. Another potential difficulty in the design is the binding
leverage forces created by the separate vertical and horizontal mechanisms. The
horizontal radial sliding mechanism also interfered with the wheelchair joystick.

The conical design overcomes some of the mounting constraints because it
attaches to the backrest. It is the least obtrusive of all the designs as it is tucked away
at the back of the wheelchair and the users arm hides the mechanics most of the time.
This concept consists of one ball joint assembly attached at the chair back and
another at the elbow of the arm brace. A simple telescoping mechanism connects the
two joints. Mechanically it is a more efficient solution, eliminating the binding
leverage problem inherent in the functional armrest concept. Adjusting for different
users’ chairs and individual dimensions, which was a significant difficulty with the
armrest design, is facilitated in this model by the simplified geometry.

Figure 1.
Armrest prototype with user.

In Table 1, unobtrusiveness accounts for the design’s aesthetics, visibility and whether it impeded other user
actions. Functionality was defined as the unit’s ability to assist the user in performing activities of daily living. The
qualification of motion hindrance refers to a particular design’s mechanics overly influencing how the user moves
their anm from point A to point B. The last column in Table 1 was used to qualify how well suited the device is for
provision of passive gravity compensation.

Unobtrusiveness | Functionality Motion Gravity
Hindrance compensation
BFO Poor Fair Yes Poor
Anthropomorphic | Fair Fair Yes Fair
Functional Armrest| Good Good No Good
Conical Good Good No Good

Table 1. Comparison of the design concepts as evaluated by the users.

EVALUATION

Even though the BFO is a simple device, our surveys [4,5] of potential users have shown that most of them do
not like the BFO. The few who do use the BFO, do so only for eating and depend on caregivers for all other activities
of daily living. One of the most common complaints is that the user has to doff the BFO and stow it to do other
activities, such as driving the wheelchair. The BFO does not stay within the footprint of the chair and interferes with
navigation through doorways. Since doffing and donning the device are not typically done by the user, this puts a
serious limit on the use and effectiveness of the BFO.
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During trials with the functional armrest prototype, a user who could not independently move his arm moved his
arm in three-dimensional space without any assistance. This in itself is promising and demonstrates potential for
increased independence of a user in performing activities of daily living. Despite the fact that the prototype
compensated for gravity and the user could move freely through some of the range, dynamic assistance was needed at
other points of the workspace. It was also found that the ability to freeze a joint would be helpful while performing
certain motions.

Even though all attempts were made to keep the design adjustable so as to fit many wheelchair designs, it was
found to be a challenging task. We plan to provide other techniques to mount the orthosis during the trial phase. In
the final design we will have several variations to address the variability of wheelchair mounting details.

DISCUSSION

Although the general design specifications of the functional orthosis have been carefully thought out and
addressed with the help of user input, several issues still need to be resolved. There are many activities that could bhe
accommodated by such an assistive device, but our goal initially is to concentrate on the performance of simple tasks
of daily living. The users have also stressed that, next to the device being nearly “invisible”; the design should not
interfere with the normal functions of the wheelchair or require doffing to do regular activities involving the
wheelchair.

Based on user feedback, one of the above designs will be chosen for further evaluation. Five users will be
provided with the prototypes, which will be tested over an extended period of time. After a few weeks of usage, we
plan on evaluating what new tasks the users have been able to perform. A systematic study will be developed to
assess the improvement in everyday activities before and after use of the orthosis. After the successful completion of
this phase, we plan on evaluating the impact of using the orthosis early in the disability to study the effects it has on
reducing contractures in this population. :
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ABSTRACT

Central hemodynamic responses in 11 individuals with Spinal Cord Injury (SCI) during
standing with FES (Functional Electrical Stimulation)-induced leg muscle contractions (active _
standing) were compared to standing without FES (passive standing). After 30 minutes of passive
standing cardiac output (CO) and stroke volume (SV) decreased (p<0.05) 21.7% and 23.7 %
respectively, total peripheral resistance (TPR) increased 21.7%. Following active standing, CO
and TPR remained stable, SV decreased 14%, and heart rate increased 10.5%. Spasticity decreased
with active standing and increased during passive standing. FES may be an appropriate adjunctive
treatment to standing in individuals with SCI to prevent inappropriate hemodynamic responses.

BACKGROUND

Standing systems are used frequently with the Spinal Cord Injured (SCI) population for the
prevention of secondary disabilities. Standing is used to prevent osteoporosis, minimize spasticity,
prevent pressure ulcers, prevent joint contractures, and to improve renal, bowel and bladder
function.(1) Little research has been done to examine the effect of passive standing in SCI on
central hemodynamic responses or the possible use of functional electrical stimulation (FES) on
lower extremity musculature to improve hemodynamic responses secondary to improved venous
return and to stabilize blood pressure.

FES has been shown to activate the skeletal muscle pump, promote blood flow and reduce
venous blood pooling in other patient populations. (2,3) Functioning skeletal muscle acts as a
muscle pump, assisting the heart with return of venous blood. Without this venous muscle pump,
as in SCI, blood pools in the lower body. This sequestration of blood in the lower body decreases
the circulating blood volume and impairs venous return, limiting cardiac pre-load via the Frank-
Starling mechanism, thus compromising stroke volume and cardiac output. (4) FES has been
investigated in the SCI population to improve venous return in sitting. (5) Others have
demonstrated that FES can activate the skeletal muscle pump in calf and thigh muscles to
significantly increase stroke volume (+12%) and cardiac output (+30%) in SCI subjects during
sitting, using a 1.5 to 2.4 second on/off duty cycle.(6)

RESEARCH QUESTION

The purpose of this study was to determine whether the central hemodynamic responses in
individuals with SCI during standing could be altered with FES-induced contractions in the lower
extremities during 30 minutes of standing and whether this may also reduce spasticity.

METHODS
Subjects: Eleven individuals, levels C5 to T10 complete or incomplete, six months post-
SCI and greater were recruited for this study. The mean + standard error for: age 36.2 + 3.0 years,
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weight 79.5 + 7.3 kg, height 178.7 + 3.9 cm, and time post-injury 91.2 + 19.7 months. Each
subject underwent a medical review and ultrasound evaluation of both lower extremities for
detection of deep vein thrombosis before being allowed to participate in the study. All the subjects
signed an informed consent form in accordance with the Institutional Review Boards of the
University of Connecticut and Hospital for Special Care. None of the subjects had a history of
disorders of the heart or circulation or any other problems which precluded their participation in the
study.

Instrumentation: Two EMPI Respond Select Dual Channel Neuromuscular Stimulators [a]
were used to provide surface stimulation to both legs of the subjects during the active standing test.
Central hemodynamic responses of each subject during the testing were measured by a noninvasive
computerized impedance cardiograph (CIC) Model CIC-1000 [b]. The EasyStand™ 5000 [c]
standing system was used to assist the subjects to the standing position.

Procedure: Subjects were secured in the standing system, were slowly brought to a standing
position, and remained standing for 30 minutes while measurements were taken. The central
hemodynamic variables were recorded during standing at: 0, S, and 30 minutes. Spasticity was
measured pre and post standing using the Ashworth scale. (7) During active standing, FES was
applied by eight surface electrodes over the motor points of both legs on the anterior tibialis,
gastrocnemius, quadriceps, and hamstrings. The timing and phasing of contractions caused an
alternating, overlapping, contraction and relaxation phase 11 seconds on, then 60 seconds off.

RESULTS

Initial standing measures were compared with standing after 5 minutes and 30 minutes
during each test. Figures 1,2, and 3 demonstrate these changes. Following 30 minutes of passive
standing there were significant decreases in cardiac output (CO) 21.7% (p<0.05), in stroke volume
(SV) 23.7% (p<0.05), and an increase in total peripheral resistance (TPR) 21.7% (p<0.08). During
active standing CO and TPR remained stable, SV decreased at 30 minutes to 14.1% (p<0.05) and
heart rate (HR) increased 10.4% (p<0.05), with no change in blood pressure. Spasticity decreased
11.9% following active standing and increased 9.3% following passive standing as measured on the
Ashworth scale. ‘

Figure 1. Changes in CO during standing.  Figure 2. Changes in SV during standing. Figure 3. Changes in TPR during standing
Cardiac Output Stroke Volume Total Peripheral
: Resistance
0 10 ey '
‘g" -10 & @ 40 ..
g g- g 2
o -0 o . -
R i R o
230 - R 200
Smin. 30 min, Smin. 30 min, _ Smn.  30mn. aPassve
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*significant p<0.05
DISCUSSION
Using FES during standing in individuals with SCI may effectively activate the venous
muscle pump, helping to maintain an adequate SV and CO. The increased TPR during passive
standing may be a compensatory response of the heart to increase blood flow and maintain central
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circulation. In active standing the workload on the heart may be decreased, because of the
improved return of venous blood via muscle contractions in the lower extremities as indicated bya
stable CO and TPR. Further benefits of standing with FES can be seen with a trend toward reduced
spasticity after standing. These findings are consistent with our previous research using FES in
subject populations such as CVA, the use of FES during surgery, and the use of FES in able-bodied
individuals. (2,3,8)

CONCLUSION

FES may be a beneficial treatment, with the major problem of orthostatic hypotension
during standing in the SCI population, by increasing the return of blood to the heart, increasing its
pre-load and maintaining blood pressure. Longitudinal studies are needed to evaluate the long term
benefits of this intervention, as well as its effect on muscle integrity and osteoporosis.
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INTRAMUSCULAR FUNCTIONAL ELECTRICAL STIMULATION (FES) TO
AUGMENT WALKING IN CHILDREN WITH CEREBRAL PALSY
Rick Finson, MS, PT, Brian Smith, MS, James McCarthy, MD, Randal Betz, MD,
M.J. Mulcahey, MS, OT
Research Department, Shriner’s Hospitals for Children
Philadelphia, PA 19140

ABSTRACT

Children with spastic diplegia, cerebral palsy (CP) experience significant gait compromise
secondary to muscle weakness and limited soft tissue extensibility. Functional electrical stimulation
(FES) may be an intervention which offers the potential to strengthen weak muscles and assist
during gait. Four subjects underwent placement of intramuscular electrodes in lower extremity
muscles and then used a multiple channel FES system to perform strengthening exercise and FES-
augmented walking. Preliminary findings indicate that FES-augmented walking is achievable in
these children, and may positively impact some parameters of gait, and point to other areas of
possible investigation.

BACKGROUND

Children with spastic diplegia CP present with primary involvement in the lower extremities
including generalized hypertonia, muscle weakness and difficulty achieving refined motor
responses. Because of their impairments, these children have limited locomotor function and are at
risk to develop musculoskeletal complications.

Interventions available to address locomotor deficits and the other musculoskeletal
complications common in children with CP include surgery, medications, bracing, and physical
therapy, each with inherent strengths and weaknesses. FES has received increasing attention as a
modality that may improve gait in those with CP."** Intramuscular FES is able to directly impact
activation of weak muscles during specific periods of the gait cycle and, as opposed to surface FES,

/it is able to isolate superficial and deep muscle fibers.*

RESEARCH QUESTION

The purpose of this study was to investigate the direct and carryover effects of percutaneous
intramuscular FES augmented walking in children with CP on select parameters of gait including
step length, percent of gait cycle in single limb stance, and velocity during gait.

METHOD .

Four children, ages 6 to 14, with spastic diplegia who were household level ambulators were
recruited to participate in this investigation utilizing a repeated measures within-subject design. All
subjects met the selection criteria including presentation of crouched gait, no significant soft tissue
restrictions in the lower extremities, hips not at risk for dislocation, spihe clinically straight,
sufficient tolerance of motor threshold surface electrical stimulation, able to cooperate with research
activities, and had assistance to care for electrodes and to set up the FES system.
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FES to Augment Walking in Children with Cerebral Palsy

Each subject had percutaneous electrodes placed in bilateral lower extremity muscles which
were found to be weak based on clinical exam and formal gait analysis. Since all four children
exhibited a similar “crouched” gait and common weakness patterns, muscles targeted for
implantation were similar throughout the group. Muscles targeted were those responsible for hip
and knee extension (gluteus maximus, vastus lateralis, and vastus medius), pelvic stabilization in
stance (gluteus medius), and in 3 of the children, ankle plantarflexion and dorsi-flexion (triceps
surae and tibialis anterior). The electrodes were inserted utilizing a hypodermic technique with the
electrodes passed subcutaneously so they exited at a common region on the anterior thigh.

Following electrode placement, subjects performed FES strengthening exercises at home for
4 to 6 weeks to hypertrophy the muscles. Following the conditioning period, development of and
training in the use of an individualized FES augmented walking program were implemented.

Stimulation was delivered by a 24 channel research grade stimulator producing a biphasic
asymmetrical current at an adjustable frequency to 20 Hz, amplitude to 20 mA, and pulse widths
from 0-150 microseconds. Timing of stimulation was controlled during gait using force sensing
resistors (FSR’s) incorporated into shoe orthoses worn by the subjects during gait. The
instrumented orthoses were fabricated with up to four FSR’s, one each in the toe, medial mid-foot,
lateral mid-foot, and heel. Exact placement of the FSR’s was determined using the F-Scan in-shoe
sensing system (Tekscan Inc., Boston, MA). Areas of the foot with large ranges of pressure during
the desired gait events were used as sensor locations. During stance, pressure transitioned first from
the heel, to mid-foot and then to toe, feedback from the FSR’s in both shoes was used to tum
stimulation on or off for key gait events in each leg. Events detected were initial contact, early and
mid stance, and terminal swing. Once the FES-augmented walking program and FSR control were
successfully implemented in the laboratory, subjects performed FES augmented walking at home
with parental supervision for 4-6 weeks.

Baseline data were collected prior to electrode implantation on spatiotemporal gait
characteristics including velocity, step length, and single limb stance. After subjects used FES-
augmented gait at home, follow up data were collected under two conditions; walking with FES on
and walking with FES off. '

RESULTS

Following FES strengthening and training, all four subjects were able to successfully
employ FES to walk at home. At follow up, velocity of gait under both conditions (FES on and FES
off) were improved in three of the four subjects. (Figure 1) After FES, three of four subjects
demonstrated increases in step length of both legs and one subject showed improvement in step
length of one leg. (Figure 2) Single limb stance during gait demonstrated a move toward normal
levels for the two subjects in which it was measured. Measures of passive range of motion were
also taken which suggest that soft tissue flexibility was maintained or increased in hip flexors, hip
adductors, and hamstrings in all subjects with the exception of diminished extensibility of the right
hamstring in subject 3, and bilateral hip flexors in subject 4. When parents were surveyed by a
third party not directly associated with the study, all reported they felt that FES improved
ambulation, and were satisfied with their care. One parent would repeat the study only if “better
electrodes were available.” Three of four parents felt that FES helped functionally in ways other
than gait. Some examples were “better balance,” “increased stamina,” and “‘able to do more things
such as soccer. ‘
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Figure 1. Figure 2.
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DISCUSSION

FES augmented walking was achieved and tolerated in these four subjects with some
beneficial effects on selected gait parameters as well as soft tissue extensibility. Effects were seen
both during walking with FES on as well as with FES off, suggesting carry over effects of FES. If
FES is able to improve gait and soft tissue extensibility in this population at a time when
performance typically plateaus or declines,’ it could possibly serve as an alternativeto surgery or a
means of delaying surgery during a critical period. Parents of subjects indicated that they were
pleased with FES as an intervention and perceived an increase in independence in functional skills.
Further investigations are indicated to better define possible clinical applications of FES
augmented walking in children with cerebral palsy.
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IMPLANTATION OF AN UPPER EXTREMITY NEUROPROSTHESIS IN GROWING
CHILDREN WITH CS LEVEL SPINAL INJURY
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ABSTRACT , ,

This report describes the implantation of an upper extremity neuroprosthesis called the
Freehand System in three growing children (ages 7, 11 and 14) with C5 spinal cord injury (SCI).
Device implantation was the same as that used with adults except that the leads connecting the
electrodes to the internal stimulator included an excess amount to accommodate each child’s
estimated remaining limb growth. Six month follow-up data with the first two subjects indicate that
stimulated muscle responses were maintained in the presence of 1-2 centimeters of limb growth.

BACKGROUND

The Freehand System (NeuroControl Corporation, Cleveland, OH) is a commercially available
eight-channel neuroprosthesis designed to stimulate paralyzed muscles of the hand and arm to
provide function for skeletally mature individuals with C5 spinal cord injury (SCI). With this
system, implanted electrodes are placed in forearm and hand muscles; the electrode leads are routed
subcutaneously up the arm and are connected via an in-line connection to an eight-channel
implanted stimulator placed in the chest. [1] An external control unit supplies power and
stimulation parameters to the internal stimulator by way of a radio frequency signal. Stimulation of
hand grasp is controlled by the user with contralateral shoulder shrug sensed by an external position
sensor [1].

While the Freehand System has been implemented with both adults [2] and skeletally mature
adolescents with SCI [3], growing children have not yet been recipients of this device due to the
unknown effect of limb growth on the performance of the internal components. Recent results of
animal studies at our institution suggest that motor responses could be maintained with growth
using the implanted electrodes of the Freehand System [4] and that excess electrode lead can
unravel with growth such that electrodes will remain in position and provide a stable motor response
[5]. These positive results using an animal model were the catalyst to implement the Freehand
System in growing children with SCI.

RESEARCH QUESTION
To implement and evaluate an upper extremity neuroprosthesis in growing children using
sufficient excess lead between the electrodes and stimulator to accommodate limb growth.

METHOD

Subjects

Three subjects with complete C5 motor level SCI according to the American Spinal Injury
Association classification were implanted with the Freehand System. Subjects ranged in age from 7
to 14 years (Table 1). Other than the fact that the subjects were skeletally immature, each was
considered an appropriate candidate for the Freechand System based on their level of motor function.

[2]

Excess Lead Calculations

For each subject, Table 1 shows the estimated excess lead for each of the three possible
electrode positions: hand, forearm and upper arm. For each electrode, an estimate of the required
excess lead is made based on the number of joints that the lead will cross along its path between the
electrode’s position in the arm and the connection to the stimulator in the upper chest. For an
electrode in the upper arm, the associated lead will cross the shoulder joint only. For an electrode in
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the forearm, the lead must accommodate growth of the shoulder and elbow. For an electrode in the
hand, the lead must account for growth of the shoulder, elbow and wrist. To determine the expected
growth of each joint, the skeletal age of each subject was determined pre-operatively by radiograph
of the hand (Table 1). From the skeletal age, a growth chart [6] was used to determine the
maximum remaining bone growth expected across each upper extremity joint. For subject 2, the
stimulator was placed in the abdominal region because the chest area was too small to implant the
stimulator. Thus additional excess lead (4 cm) was placed along the lead pathway between the
abdomen and upper chest to accommodate growth of the trunk.

Table 1: Expected remaining limb growth and estimated excess lead requirements for each subject based on skeletal
age.

Subject 1 Subject 2 Subject 3

Chronological Age (At implant) 10 years 9 months 7 years 4 months 14 years 9 months
Skeletal Age (At implant) 14 years 8 years 15 years

Growth Expected -across shoulder 2cm 9cm 2cm

Growth Expected - across elbow 1 cm 4 cm 1cm

Growth Expected - across wrist 2cm 6cm 2cm

Excess lead - upper arm electrode 2cm 9cm 2cm

Excess lead - forearm electrode 3cm 13 cm 3cm

Excess lead - hand electrode 5cm 19cm S5cm

Implantation of the Freehand System

The implementation of the system included implantation of 8 electrodes and the stimulator, the
placement of excess lead, and several reconstructive surgical procedures designed to enhance the
effectiveness of the system. [3] Eight muscles were implanted with either an epimysial [1] or
surgically-implanted intramuscular electrode [7] and were chosen for each subject based on the
ability to provide the best stimulated grasp and release. All subjects had the flexor pollicis longus
and adductor pollicis muscles implanted for thumb flexion and adduction, respectively, and the
flexor digitorum profundus implanted for finger flexion. Each subject required a tendon transfer of
a paralyzed but excitable muscle for stimulated wrist extension due to the partial or complete
denervation of the radial wrist extcnsors. Transferred muscles were the abductor pollicis longus
(subject 1), flexor carpi ulnaris (subject 2), and flexor digitorum superficialis (subject 3). Other
muscles implanted included the pronator quadratus, extensor pollicis longus, abductor pollicis
brevis, triceps and palmaris longus.

For each electrode, once the optimal position of the electrode within or along the muscle was
determined, the length of the electrode lead pathway was measured with the appropriate excess lead
then added to accommodate growth (Table 1). The excess lead was dispersed along the lead
pathway with the greatest proportion placed in the upper chest and upper arm with a small amount
in the forearm.

Following surgery the arm was casted. At six days post-surgery, the cast was removed and a 1
hour daily stimulation exercise routine was initiated to increase muscle strength and endurance. At
four weeks post-surgery, the exercise time was increased to 4 hours each day. This exercise
program was continued throughout the course of the study.

Measures

At 1 month and 6 months after the implant, 2 to 4 sessions were conducted during which
the threshold pulse duration (pulse duration at which a muscle contraction is first visible) was
measured and a manual muscle test was performed to measure stimulated strength. In addition,
radiographs of the upper extremity and chest were taken immediately after implant and at 6 months
follow-up to determine bone length and to measure unwinding of excess lead.
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RESULTS '

As shown in Table 2, data were collected for subjects 1 and 2. (Subject 3 is one month post
implant.) After six months, limb growth of 2.1 cm and 0.8 cm was measured for subjects 1 and 2,
respectively. No trunk growth was measured in subject 2. Threshold pulse durations were not
significantly different for either subject’s 8 stimulated muscles over the 6 month period as
determined by a paired t-test. For both subjects, results of the manual muscle tests indicated that the
stimulated strength of each muscle was unchanged or improved secondary to exercise. Lead
unwinding in the upper arm was observed in subject 1 but due to the small amount of growth in
subject 2, lead unwinding could not yet be visualized.

Table 2: Upper extremity growth at 6 months after implant and the average threshold pulse durations at 1 and 6
months. According to a paired t-test, average threshold pulse durations were unchanged in the presence of limb growth
for both subjects. )

Growth - | Growth- | Total Avg Threshold | Avg Threshold | p-value for
Humerus Radius Growth (1 month post (6 months post paired
surgery) surgery) t-test

Subject] | +1.1cm +1.0cm +2.1cm Subject! | 6.8 +/-3.1 usec | 6.4 +/-2.6 usec | p=0.53
Subject2 | +0.6 cm +0.2cm +0.8cm Subject2 | 8.7+/-4.6usec | 6.4+/-19usec | p=0.07.

DISCUSSION

These preliminary data suggest that performance of the stimulator and electrodes have been
unaffected by the small amounts of growth to which they have been thus far exposed. For each
subject, follow-up measures will be performed annually until skeletal maturity is reached.

Based on our previous experience measuring stimulated muscle responses and lead unwinding
in growing animals [4,5], should growth adversely affect performance, it should be clear from the
measured variables. The threshold pulse duration, which is considered an indicator of electrode
stability [4,7], would greatly increase and the stimulated muscle strength would decrease. In
addition, adjacent muscles would be excited prematurely. Insufficient unwinding of excess lead and
migration of the electrode from its original position would be evident by radiograph.
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ABSTRACT

A completely implantable functional electrical stimulation (FES) system may provide a
more efficient means of upright functional mobility for people with paraplegia. Preliminary results
have shown a decrease in the time required to complete several important functional activities as
well as an increase in user satisfaction when FES is compared to long leg braces.

BACKGROUND

Persons with paraplegia are commonly prescribed long leg braces to provide upright
mobility. Bracing options include knee ankle foot orthoses (KAFO), hip knee ankle foot orthoses
(HKAFO), and reciprocating gait orthoses (RGO). Literature cites high user abandonment of these
devices with common reasons including difficulty in donning, bulkiness beneath clothing, poor fit
into the wheelchair while wearing, and skin breakdown (1,2). Functional electrical stimulation
(FES) provides another option for persons with paraplegia that may address some of these issues
and may also provide added physiological benefits as well as increased ease of use (3).

Both surface and percutaneous FES systems (4) have been effective in providing standing
and limited ambulation using reciprocal or swing through gait patterns. Surface systems are the
least invasive but also the least reliable in terms of consistent electrode placement. Percutaneous

‘systems allow for more consistent muscle responses and have demonstrated high reliability over
time. However, these systems are intended for research purposes and are not intended to be used as
permanent clinical systems.

RESEARCH QUESTION

The objective of this study was to compare the utility of a completely implanted FES system
and ankle foot orthoses (AFO) to the utility of KAFO for a variety of functional upright mobility
activities in an adolescent with paraplegia. In addition, this study compared user satisfaction based
on self selected mobility goals with FES and KAFO and examined the user’s perception of the FES
assistive technology.

METHOD

The subject was a 14 year old male who sustained a T10 SCI in an MVA at age 2 years, 8
months. Prior to participating in the study, he was a limited community ambulator with KAFO.

An 8 channel stimulator was surgically implanted beneath the skin on the lower abdomen
and electrode leads were tunneled subcutaneously to the targeted lower extremity muscles. The
stimulator delivers a stimulation waveform with a frequency. up to 20 Hz, amplitude to 20 mA, and
pulse width to 200 imicroseconds. Four eiecirodes were impianted per ieg to achieve knee and hip
extension and hip abduction. Knee extension was stimulated through implanting an electrode near
the femoral nerve to recruit all of the vasti muscles through one electrode. To prevent unwanted hip
flexion from the rectus femoris, this muscle was released from its origin on the anterior inferior iliac
spine. Stimulated hip extension was obtained through implanting both the gluteus maximus and the
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posterior fibers of the adductor magnus in order to maximize upright pelvic stability. Hip abduction
was achieved through implantation of the gluteus medius. This combination of muscles allows the
subject to ambulate using a swing through gait pattern with forearm crutches. As no muscles below
the knee are stimulated, AFO are worn during ambulation to protect the foot and ankle complex.

To control and power the internal stimulator, an external control unit is worn around the
waist. Through the control unit, the subject selects the desired patterns for exercise and
standing/walking. Stimulation patterns are communicated to the internal stimulator by aradio
frequency signal using an antenna placed directly over the internal stimulator. Standing and
walking are achieved through continuous stimulation of the implanted muscles to allow a swing
through gait pattern.

Following the surgical implantation of the FES system and a 4 week immobilization period,
all implanted muscles underwent a 4 week period of strengthening and endurance training with the
system. The subject then received equal training in 7 upright mobility activities with KAFO and
FES. Following demonstration of 3 consistent trials for each activity, five repeated measures were
obtained. Activities were scored based on time, level of independence, the preferred mobility mode
(KAFO or FES), and the subject’s perception of time and effort. T-tests were applied to compare
the mean times between mobility modes and median independence scores were calculated.

Satisfaction data were collected with FES and KAFO via the Canadian Occupational
Performance Measure (COPM) (5) for activities that were self-selected by the subject. The test is
scored based on a Likert scale with 1 representing “cannot perform” and “not satisfied”” and 10
representing “can perform very well” and “very satisfied.” The Quebec User Evaluation of
Satisfaction with Assistive Technology (QUEST) (6) was administered to evaluate the user’s
perception of satisfaction with and importance of specific characteristics of the FES system. This
tool utilizes a 6 point scale with 1 denoting “no importance” or “not at all satisfied” and 5 denoting
“very important” or “very satisfied.” A score of six represents “does not know” or “is not
applicable.”

RESULTS

With FES, the subject required significantly ( p< 0.05) less time to don the system, walk 6
meters, stand and reach a high object, transfer to a high surface, perform sit to stand, and access an
inaccessible bathroom stall (figure 1). For every activity, independence scores were the same with
FES and KAFO; modified

80 independence was required for all
% 60 activities except system donning, in
= OKAFO which the subject demonstrated
g 40 B mFES complete independence. FES was
< _ preferred by the subject for all
E 20 B tested activities. With FES, the
E. I I subject also reported perceiving
0 less time to don the system and
8

§ £ F £ <& 5% I complete the inaccessible bathroom
= 3 ® =5 Te ¥ transfer and less effort to perform
the 6 meter walk, the high reach,
Figure 1: Mobility Activities and the inaccessible bathroom

transfer. .

RESNA ’99 ¢ June 25 - 29, 1999

162




Implanted FES for Upright Mobility

COPM testing showed that the subject rated his performance with FES as “well” or “very
well” for 75% of his self-selected activities while rating the activities with KAFO as *“somewhat
well” or “well.” With FES, he reported being “very satisfied” with 90% of his activities while only
“satisfied” with KAFO.

Results of the QUEST showed that the subject rated variables such as maintenance, safety,
and multipurposefulness as very important characteristics, and that he was “more or less satisfied”
to “very satisfied” when rating the FES system on these. The subject reported 50% of the variables
as “quite important” and was “quite satisfied” with all but one where he was “more or less
satisfied.” Overall, the subject was highly satisfied with the performance of the system. He was
least satisfied with the weight and appearance of the external control unit and the battery pack but
did not assign any score less than 3, which represents “more or less satisfied.”

DISCUSSION

FES in conjunction with AFO was comparable to KAFO in level of independence for this
subject and decreased the time required to complete several functional activities. The most notable
time effect was seen with the sit to stand transition, which was timed as part of the high reach and
high transfer activities. Importantly, this subject preferred FES for each activity tested and reported
increased satisfaction in performing activities with FES. In addition, he was “highly satisfied”
overall with the use of this assistive technology. FES affords the subject an adjunct to the
wheelchair, increasing the opportunity to easily access areas that are typically inaccessible.
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FORTUNE - A EUROPEAN PROJECT TOWARDS
EMPOWERMENT OF USERS’ ORGANISATIONS IN R&D
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ABSTRACT

In European R&D programmes a new emphasis on user participation is formulated. During
the Technology Initiative for Disabled and Elderly user involvement and user participation is
recognised as a basic principle for all projects. The programme evaluation realised, that '"the most
successful projects had the enthusiastic and active involvement of established, formal user
organisations“[1]. Therefore it recommended, to make skilled resources available to the projects, by
future actions. The FORTUNE project responds to this issue. FORTUNE is a support action
organised as a training and networking for end-users who have a backing form their organisation.
After the initial training the FORTUNE graduates will offer support to R&D projects.

BACKGROUND

FORTUNE concentrates on the growing group of customers and with disabilities and high
age. Although the R&D community is in principle prepared to interact with these users, not enough
skilled users from user organisations are available to act in the R&D context in a professional way.
For many European user groups a barrier for participation in European R&D is their voluntary
character and internal structure, which is not prepared for the procedures in European R&D.
FORTUNE takes up these problems and bridges the gap between R&D and users' organisations.

RESEARCH QUESTION

The objective of this Project was to improve the level of participation of end-users with
disabilities in the R&D process. The gap between the know-how of the end-users and the culture of
R&D technologists should be minimised. Therefore, FORTUNE supports the participation of well
trained users (representatives of user groups) for full participation in R&D. The exchange of
experience between R&D teams and user organisations and creation of an information network of
users is facilitated. :

METHOD

The core of the project is the users' qualification for full participation in R&D programmes
and projects, with the help of peer user experts and assistive technology and project management
specialists. The methods and contents for the training courses are taken up and refined from
available methods and experiences, e.g. [2,3]. A European exchange is implemented by networking
of user organisations and participation in the Telematics programme. An experimental environment
that permits interaction between users and creators is set up. Pilot assessments, support to projects
and networking enable the refinement of the training.
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Training
The training aims at the empowered participation of end-users (backed on organisations) in R&D.
The participants for the training are nominated by the organisations of end-users and finally selected
of the umbrella organisations, who are partners in FORTUNE. Thus user organisations have full
control about the nominations. They also support the trainees throughout the training in a tutorial
concept. Empowerment is mostly connected to competence in knowledge and communication.
Basically we consider the end-users to be experts (user experts) in their experience of living with a
disability in a environment full of obstacles. And also being experts in finding practical solutions
technology for activities of daily living e.g. by usage of assistive technology. So the user experts
have knowledge and competence in this domain. However, usually they are not involved in R&D
and have no knowledge about how work in this field is performed. Therefore, the end-users should
gain understanding about their role in R&D, of the R&D process, of assistive technology and of
methodology through the training. The restricted training time concentrated in this respect on the
most relevant knowledge domains, as terminology, implementation of AT, critical factors of service
delivery, value chain, R&D process and project work, European context of R&D, role
identification, understanding of disability (ICIDH), methods for user involvement.
The FORTUNE training is mainly based on appropriate use of existing methods, and experiences of
good practice, collected by the partners and national contacts. The training was performed in two
presence training phases prepared and followed up by written information and materials. It is
obvious that kind of organisation of end-users is varying in the different countries. Hence, the first
training phase was carried out on national level and mainly in mother tongues. This enabled to deal
with country-specific issues. The second training phase is international and the training language is
English. Here participants have been already confronted with the situation of working on European
level with peers from foreign countries.
Interaction with R&D projects
For a success of the training it is very important to implement interaction with real projects. This
allows a support to projects, and also gives feedback about the success of the training. Therefore
projects have been and are still invited to liaise with the FORTUNE support action. The level of
interaction is agreed on a case by case base, where confidentiality is guaranteed. As well national as
European projects can apply for the service. TIDE / TAP projects are particularly encouraged to
make use of the offer. However, only a restricted number of projects can receive the services. They
will be selected case by case, where the main selection criteria consider a good match between
FORTUNE graduates and project area. Projects who make use of the FORTUNE services will have
the opportunity to provide an evaluation of the support from their point of view.

Organisation and Networking

In FORTUNE important self-help organisations co-operate as partners with knowledgeable
institutions skilled in European R&D. The concept of national contacts in the European countries
and the involvement of the European Disability Forum (EDF) and AAATE (Association for the
Advancement of Assistive Technology in Europe) ensure a European dimension and provide
potential for information dissemination. National contacts are installed in 17 European countries
installed today. This FORTUNE network is an attempt to exchange information and experiences
about empowered user involvement in research and development and reiated issues. It is intended to
expand the network based on email and Internet communications during the course of the project.
The network is set up between the project partners and national contacts first. More interested
parties such as TAP projects already joined the network. We expect the network to grow further and
everyone interested is invited to join.
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RESULTS

The project has now performed the national and international seminars with about 40 attendees
comprising a very mixture of individuals with a broad experience all linked to a self-help
organsiation. During the international seminar the experience of the participants was expanded by
construction of knowledge about R&D in an interactive manner (method of problem oriented
learning). Although we made very good progress the participants felt that the time was quite short
and that there is more to learn. Besides the knowledge, the group elaborated very much on a the
spirit of partnership, accepting different points of views and tolerate disagreements. Partnershlp
seems to be the most important factor for a successful co-operation in R&D. The training is now
complemented by individual experiences of the candidates with projects on national and European
level. On the other side the experience shows, that the research community needs some training in
this respect, too. Materials have been set up for trainers and the trainees and data with references to
user participation has been collected. More information will be presented to the public in the
FORTUNE homepage: http://www.fernuni-hagen.de/FTB/fortune

The user organisations themselves are currently investigating opportunities to exploit the results of

- the FORTUNE project in their countries. During the AAATE 99 conference (November 1-4, 1999)
in Diisseldorf, Germany which will be held in conjunction with REHA-international (November 3-
6, 1999), world leading fair on rehabilitation technology, partners of the FORTUNE intend to
present and discuss results and experiences of the programme.
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BARRIERS TO EFFECTIVE PRESERVICE AND INSERVICE
DISTANCE EDUCATION IN ASSISTIVE TECHNOLOGY
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ABSTRACT

The acquisition of assistive technology knowledge and skills is critical for the professional
development of preservice and inservice clinical practitioners. Yet, because of the remoteness of their
setting, the hectic pace of their professional schedules, or other factors, accessing appropriate
educational opportunities can be problematic. Distance education in assistive technology can be an
effective solution. Significant barriers to the delivery of effective distance education exist, however,
and these barriers must. be removed before the extensive benefits can be realized. This paper
summarizes an analysis of those barriers.

BACKGROUND

Definitions. Distance Education is a system and a process for providing instruction at a distance.
Distance education occurs when (a) an instructor and student(s) are physically separated, (b) an
educational institution is involved in the planning of curricula and the provision of student support
services, and (c) educational media (i.e., voice, video, data, or print) are used to unite teacher and
student and to carry course content across the instructional gap. Distance education includes distance
teaching, the teacher's role in the process, and distance learning, the student's role in the process --
and the desired outcome of distance education (1, 2, 7).

, Distance Education Formats. Technology offers an institution of higher education (IHE) and
faculty many options for providing education at a distance. This domain can be viewed in terms of the
nature of the channels by which information is exchanged between instructor and student (1, 2). From
this perspective,there are six major formats for distance education: (a) computer-mediated, sometimes
referred to as computer conference courses (real time or delayed) and the latest variation, web-based
courses. This can be an asynchronous or synchronous communication format. (b) 2-way video/2-way
audio, sometimes referred to as 2-way interactive video courses, a synchronous communication
format. (c) 1-way video/2-way audio, sometimes referred to as satellite courses, a synchronous
format. (d) 1-way video/1-way audio, sometimes referred to as videotape courses, an asynchronous
format. (e) O-way video/2-way audio, sometimes referred to as audioconference courses, a syn-
chronous format. (f) 2-way print, sometimes referred to as correspondence courses, an asynchronous
format. In practice, each of these formats often includes a multitude of subsidiary formats to support
the teacher-student exchange of information, e.g., fax, telephone, e-mail, “snail” mail.

~

STATEMENT of the PROBLEM

The provision of assistive technology services is a skill-based activity. It requires practitioners
with the proper knowledge, skills, and dispositions. An important initiative undertaken in recent years
by a number of leading professional organizations concerned with children and adults with disabilities
(e.g., ASHA, CEC, RESNA) involves specifying appropriate technology-related standards and
validating the skills of clinical practitioners. The availability of adequate professional development
opportunities to acquire the knowiedge and skilis required for credentials and advanced degrees,
especially for service providers in rural areas, however, can be problematic. Distance education has
great potential to assist in the resolution of this problem (2).

Research on learning effectiveness shows that, when distance education is designed,
implemented, and administered properly, there are no significant differences between distance
learning and learning acquired through more traditional methods -- sometimes distance learning is
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even better (6). This finding, along with its advantages in reducing the major obstacles imposed by
location, time, culture, language, and disability, should provide strong impetus both for increased use
of distance education by IHEs to deliver assistive technology instruction to preservice and inservice
professionals and for higher-quality outcomes in the distance education courses that are already
available. Major barriers exist, however, to the successful realization of either of these objectives.

APPROACH

The approach in this paper is to highlight the major barriers to greater and better implementation
of distance education by IHEs in the preparation of preservice and inservice professionals in the area
of assistive technology. This discussion is based on a year-long review of the scholarly literature and
analysis of local practice that was conducted by an interdisciplinary task force at the University of
Delaware. Our analysis has revealed both institutional and personal factors that impede positive
change towards effective use of distance education in personnel preparation.

1. Foremost among the barriers to substantive change are negative attitudes about distance
education among faculty members and academic administrators (3, 4). As in other areas, the
foundation for negative attitudes is often misperception or misinformation. For example, some faculty
members and administrators believe that: (a) distance teaching is not real teaching, (b) distance
learning represents weaker learning, (c) effective instruction must be live and face-to-face, (d)
student-faculty interaction is minimized in distance education, (¢) certain subject matter can be taught
only in a traditional classroom, (f) some distance education formats eliminate the need for faculty, and
(g) academic dishonesty among distance students is frequent and uncontrollable (2, 3). There is
evidence to support the contention that each of these beliefs is fundamentally incorrect (5, 7, 8).

2. As large organizations, universities are prone to adopting a "change the individual. rather
than the system" orientation to addressing challenges in delivering high-quality education (4). This
orientation often means subtly forcing students to accommodate to the existing system in terms of
when, where, and how they access the available educational opportunities, and forcing instructors to
accommodate in terms of when, where, and how they deliver the instruction, rather than modifying
the system to better meet student and instructor needs (5). Formal and well -developed student
support systems along with faculty development and support systems are essential to effective
distance education. This "system-centered" tendency obviously is directly opposed to a "student-
centered” approach, of which distance education is a natural and vital part.

3. A characteristic of academic environments that results from its typical departmental
organizational structure is low interdependence among faculty members (8). There are few, if any,
requirements and typically only diffused incentives for faculty members within and across
departments to collaborate to solve problems, deliver programs, and share expertise. There are even
some deeply entrenched disincentives for such interaction, e.g., the difficulty in evaluating a faculty
member's contribution to a joint effort during annual performance appraisals. The impact of this
characteristic on distance education is that it contributes to a fragmented level of expertise in distance
teaching in a university at a time when shared expertise and cooperative efforts are greatly needed.

4. During a time when education is very salient in the public eye and popular attention tends to
focus disproportionately on negative perceptions, universities and particularly their faculties are
sensitive to criticism. These conditions are exacerbated when it comes to distance education. Distance
education is often inaccurately perceived as a "new" approach to education, and as a consequence it is
prone to receiving skepticism and criticism from the public, and even by administrators and faculty
members who are unfamiliar with it. The sensitivity and vulnerability to criticism on the part of
University administrators and faculty members can combine to negatively influence their willingness
to embrace, or even consider, distance education (8).

5. Distance education activities are quite often not part of the central, core fabric of academic
programs. Distance education often operates "on-the-margin" of the institution, e.g., within a unit of
continuing education. Some of the reasons for this are detailed above. Another significant reason is
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administrative policy, which often equates student learning and academic credit only with a prescribed
number of "faculty contact hours" and "classroom seat time,"” counts distance teaching only as an
overload activity for faculty, and does not permit on-campus students to enroll in distance education
courses. As a consequence, administrative policy creates practical disincentives for departmental
administrators to induce faculty to offer distance education courses.

6. In contrast to the previous point, political and economic pressures can seduce some
administrators (and faculty) to embrace a particular form of instruction in an uncritical manner because
it is the “hot” topic or “the latest innovation”. As a consequence, there is pressure to quickly offer
courses in that format without adequate information about the important instructional design factors or
even about the efficacy of the approach. The current push to “web-ize” whole certificate and degree
programs is a case in point. As the newest format, however, web-based distance education presents
challenges that have not been encountered before -- in technical delivery, administration, and
instructional design (1). Our analysis has shown that, thus far, there has been a tremendous and
alarming mismatch between the intended assistive technology skills to be imparted and the format for
teaching them. Courses that can teach only declarative knowledge about assistive technology via the
web and CD-ROM are being promoted as imparting assistive technology procedural knowledge, i.e.,
skills. This can result in a host of serious consequences.

IMPLICATIONS and DISCUSSION

At a time when the acquisition of assistive technology knowledge and skills has an important and
heightened focus for clinical practitioners, distance education holds unprecedented opportunities for
delivering instruction in these competencies and for improving the quality of their learning
experiences. To realize these benefits, however, faculty will need to be skilled.and creative scholars
and practitioners of distance teaching; students will need to be able to access these educational
opportunities in ways that are most accommodative to their individual situations; and academic units
will need to administer distance education courses in ways that encourage and support responsible
practice. The barriers to these objectives are diverse; yet our analysis has shown that they can be
overcome. Strategic planning efforts for distance education in IHEs must include consumers,
practitioners, and faculty who are directly involved in assistive technology. Future reports will
highlight strategies to systematically address each of the barriers outlined in this paper.
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ABSTRACT |

The International Labour Organization (ILO) collaborated in the formulation of the United
Nations Stc.zndard Rules on the Equalization of Opportunities in 1992. The emphasis on equal rights
and equal treatment was also the main element of ILO Convention 159 which provided the policy
framework for promoting and achieving equity in training and employment for people with
disabilities. To address these issues, the Caribbean Programme to Promote Equalization of
Training Opportunities for Persons with Disabilities recently concluded a two-year effort to
examine and improve the accessibility to vocational institutes in seven Caﬁbi)ean countries. This
paper summarizes those efforts thus far and provides recommendations for continuing progress,
particularly related to the consideration of assistive technology.
BACKGROUND

In 1994 the International Labour Organization (ILO) sponsored a Regional Technical
Meeting on National Disabilljty Policy and Legislation to Promote Equality of Treatment in
Training and Employment of Persons with Disabilities in Port of Spain, Trinidad. Representatives
of governments, organizations of and fqr people with disabilitiés, and employers and workers
organizations attended this meeting. At that time, the Port of Spain Declaration was issued to '
establish a National Policy on Disability in the Caribbean region. A two-year project supported by .
the ILO, the United Nations Development Program, the Government of Trinidad and Tobago, and

implemented by the National Centre for Persons with Disabilities, was designed to move the agenda
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forward. The National Orienta;ion Seminar on Integrated Training and the Training of Trainers
Seminar were held in fall 1998 with participants from seven of the countries, including Bahamas,
Barbados, Dominica, Guyana, Jamaica, St. Lucia, and Trinidad/Tobago in order to begin translating
policy to practice. This paper summarizes the activities, discussions, and action plans completed
during the Training of Trainers Seminar, held in Port of Spain in November 1998, and includes
recommendations for further support of these efforts.

Existing data are limited, but it is generally reported that very few persons with disabilities
in the Caribbean region have access to medical, rehabilitative, educational, and work opportunities.
For example, Jamaica reports that nearly 90% of persons with disabilities are considered to be
unskilled and unemployed. Gaining access to vocational training and subsequent employment is the
goal, however related considerations including access to earlier educational opportunities, physical
access to the facilities, and strategies for modifying the vocational curriculum need to be addressed.
APPROACH

Almost half of the participating Caribbean countries have approved policies regarding
integrated employment and training for persons with disabilities, and the others are in the process of
doing so. The following framework, based on the work of the National State Boards of Education
(NASBE), was used to structure thinking about these issues to determine the present status and the
actions necessary to attain goals in each of the areas. |

1. Assessment: How needs are identified
2. Governance: Who makes the decisions; how the priorities are set
3. Content: What is included in services and products that are delivered
4. Professional Development: How individuals and organizations continue to
improve their performance, e.g., training, technical assistance, continuing
¢ education

5. Funding: How funds are raised, used, reported
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6. Accountability: Defining the outcomes, how to measure and report them

Discussions were held to identify the relationships among these components and if they
were based on a common vision. Participants from each of the countries stated their underlying
values, identified potential internal and external resources, and listed the essential stakeholders
who must be involved in creating and implementing their plans. A format for reporting successful
case studies of people with disabilities who had gained entry to education, training, and/or
employment was designed so that local stories could be shared in future training sessions. Each of
these stories included the use of an accommodation that addressed attitudinal or physical barriers.

DISCUSSION

After several days of discussions, the participants identified é number of strategies. For
example, in order to target physical access issues, the directors of the vocational institutes planned
to include the design of accommodations in the curriculum so that students could construct
equipment or assistive devices that could help other students or potential employees access classes
and/or jobs. The participants were introduced to the transdisciplinary training model developed at
San Diego State University (Sax & Szeto, 1995), and quickly realized that they had an untapped
resource. By the writing of this paper, two participants have submitted follow-up plans for
incorporatiﬁg the use of assistive technology and other accommodation considerations in their
attempts to increase the integration of people with disabilities in the Caribbean.
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USING THE AAA MODEL FOR PERFORMING ACCESSIBILITY AUDITS

Roger O. Smith, Ph.D., OT, Dave Edyburn, Ph.D. and Michelle Kaye Silverman, OTR
University of Wisconsin-Milwaukee

ABSTRACT

Project IMPACT (Integrated Multi Perspective Access to Campus Technology) is serving as
a national demonstration to improve the accessibility of a post-secondary education institution.
Implementing Accessibility Audits are one of the activities used to promote better integration of
students with disabilities to campus. The AAA Model (Accessibility, Accommodation and
Advocacy) was created as a necessary component of successfully auditing the accessibility of
functions on campus.

BACKGROUND

In 1997 the University of Wisconsin-Milwaukee began a project called Project IMPACT
(Integrated Multi Perspective Access to Campus Technology). The project included a number of
strategies and activities to promote a more accessible environment for students with disabilities (1).
Thirty-six pairs of occupational therapy students were charged with performing accessibility audits
across areas and functions on campus. Table 1 lists these 36 audits. These include functions within
the classrooms, computer laboratories, emergency and standard telephones, dormitory functions,
bookstore and student union settings and electronic media such as web sites, lecture presentations
and distance education materials. The students were given instructions to locate all of the
appropriate information they might need which would help them evaluate the accessibility of their
assigned area, implement the audit and provide recommendations for increasing accessibility.

OBJECTIVE

The objectives of performing accessibility audits were to identify empirical levels of
accessibility of campus function, demonstrate that quantifying accessibility could be performed, and
highlight recommendations to the campus community regarding improving the friendliness of
campus for students with disabilities

APPROACH

Access Audit teams were sent to their access targets after performing literature reviews and
obtaining information on measuring the accessibility of buildings, devices and informational
sources. The focus of this project however, was not just accessibility, but was performing the audit
and using a reliable and valid process. The questions used in audit were reviewed for their validity
based on the best literature and information available. The Access Audit teams began the task
eagerly, but generated numerous questions throughout the process that revealed significant issues
about accessibility in our field of assistive technology and rehabilitation engineering. The
development of the AAA Model (Accessibility, Accommodation and Advocacy) became an
important contribution to this study.

RESULTS

During these Accessibility Audits, it became clear that the UWM campus already had
significant procedures and resources available to make the campus accessible. In fact, a number of
the Access Audit teams returned to the instructor highlighting that the campus was already
accessible. On the UWM campus the Student Accessibility Center serves as a resource center for
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campus and employs full-time personnel specifically for helping students and others on campus to
access the instructional environment. Consequently, the Access Audit teams asked, “What are we
supposed to do when we discover that our access target is already fully accessible?” The instructor
questioned this interpretation and clarified that even though there was a Student Accessibility
Center, the campus was definitely not accessible. It became evident that an intervention we were
accommodating students in an inaccessible environment. While true accessibility was needed,
accommodation was being used. ‘

As a result, the instructor began describing that accessibility was a continuum and the
Accessibility Audits should be framed to measure accessibility along the continuum that ranged
from no accessibility through accommodating people with disabilities to the point of having a fully
accessible environment. The instructor described that accessible environments or functions would
mean that an individual with any type of disability (sensory, cognitive, motor accommodations)
would be able to equally participate in a given activity without expending additional money, time,
training or assistive technology compared to any peer who might be accessing the same functions in
that environment.

Table 1
1. Emergency blue light telephone posts 19. Push/Pull signage of campus doors
2. Bulletin boards in Enderis Hall 20. Room number signage
3. Hourly work recruitment posting system 21. Building directories of offices
4. Course registration process 22. Bookstore textbook aisle directories
5. Timetable - Schedule of classes 23. Masters theses and dissertations in library
6. Cafeteria line in dorms on campus 24. Web Course in a Box multimedia course
7. CD references in library 25. Student and staff telephone directories
8. Library card mta]og system 26. Public telephones on campus
9. Campus map signs 27. Course electronic reserve materials
10. Campus WWW home page 28. Scientific posters outside offices and labs
11. Allied Health Professions home web page 29. Enderis room 980 computer lab
12. School of Education information kiosk 30. Campus general access labs
13. Business School information kiosk 31. Student financial services
14. Parking gates - in Union and Sandburg Hall 32. Course textbooks
15. Bulletin boards outside elevators. 33. Course exams
16. Clocks in classrooms 34. Sandburg and Union ATM machines
17. Menus in Union food court 35. Enderis Denemark Lounge vending machines
18. Door plates of faculty offices 36. Course overheads and slides

The AAA Model: The AAA Model describes this continuum of accessibility. This
continuum helps describe types of intervention approaches used to maximize accessibility. It also
defines the breadth of the scale to measure the degree of accessibility. ~Accessibility is the “best of
all worlds”. This is where an individual has equal access to any service or information like anyone
without a disability. In this situation a person with a disability, would not need to obtain any special
services, use a separate process, request any special equipment which they do not already own, plan
in advance or take additional time. Unfortunately, sometimes the nature of real and severe
disabilities compounded by the lag in our engineering abilities prevents us from creating truly

_accessible situations.

Thus, an effective but second best strategy is accommodation. Accommodation allows a
person with a disability to perform all the activities in an environment equal to a person without a
disability, but through the use of special services, planning ahead, or by taking additional time.
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Examples of an accommodated environment are common and include the need to sign up for sign
language interpretation services for a special event, obtaining additional time to take an
examination, use of a delivery elevator between a flight of stairs, or the availability of an
accommodated restroom in a distant part of the building. While each of these types of interventions
achieves accommodation, they do not achieve equal accessibility.

The Access Audit Instruments: Audit instruments were designed to assess the range of
accessibility. The 36 audit instruments varied in their documented reliability and validity and the
quality of their reccommendations. However, most successfully identified points along the spectrum
from no accessibility through accommodation to full accessibility and many able to quantify this
variance. These Accessibility Audits are being used as a baseline for our campus, to compare .
improvements over time. The instruments which were used to collect data for identifying the
degree of accessibility are considered pilot instruments to be used as idea generators and models for
considering accessibility of functions in a campus environment. More than 20 of these Access
Audits are available upon request from the research team.

DISCUSSION

The Accessibility Audits at the University of Wisconsin-Milwaukee have increased the
awareness of the accessibility needs of a campus of 25,000. The significance of this case study
however, is not in the specific recommendations which are made to the campus for improving its
accessibility, but in two other results: 1) models for performing Accessibility Audits have been
developed as pilot ideas and 2) defining the difference between accommodation and accessibility
Vanderheiden, Law and Kelso (2) continue to point out the concept that products and environments
should be accessible “right out of the box.” This is the overall concept of universal design. What
has not been done previously is describing where accommodation and assistive technology tend to
fit within the universal design paradigm. Discriminating between the concept of accommodation
and accessibility is vital for developing and using measurement instruments that examine the
accessibility of products, activities or environments.
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A NEW TRANSDISCIPLINARY COURSE IN ERGONOMICS AND
i JOB ACCOMMODATION

James A. Lenker & Jo A, Schweitzer '
Center for Assistive Technology - Department of Occupational Therapy
University at Buffalo — Buffalo, NY 14214-3079 ’

ABSTRACT :

This paper describes a new transdisciplinary course in ergonomics and job accommodation
for undergraduate and graduate students in occupational therapy and engineering. The course is one
of six new courses being offered in assistive and rehabilitation technology. The objectives for the

" course are described, along with the results of the initial course offering. Specific suggestions for
future refinement of the course are given.

BACKGROUND
Worksite accommodation is one of four principal practice areas within the field of assistive
technology [1]. Previous articles [2-5] have described courses whose objective has been to expose
students to this practice area through didactic as well as independent project activities. The typical
emphasis of these courses has been job accommodation for individuals with disability. The
- Certified Professional Ergonomist (CPE) credential [6] has helped establish criteria for development
of professional competence in human factors and ergonomics, of which a sub-set is worksite
accommodation for persons with a disability. As part of a new six-course curriculum in assistive
and rehabilitation technology, we developed a new course in ergonomics and job accommodation.
-The purpose of this course was to provide students with a background in ergonomics theory and
practice guidelines, as well as to facilitate the opportunity for students to evaluate practical '
situations requiring analysis and intervention for prevention of injury or accommodation of a
disability. ‘

OBJECTIVES

Our target student audience was undergraduate and graduate students in occupational
therapy and engineering, and our enrollment goal was 15 students. The following content areas
were prioritized: (a) surveillance methods for identifying risk factors in the workplace; (b)
ergonomic assessment of the worker, task, and environment; (c) strategies to prevent or
accommodate injuries to the upper and lower extremities; (d) considerations for selection of hand
tools; (e) manual materials handling and the NIOSH lifting equation; (f) functional capacity
evaluation (FCE); (g) personal protective equipment (PPE); (h) worker education programs; (i)
development of intervention strategies, including engineering controls, work practice controls, and
administrative controls; (j) office accommodations, including postural considerations for seating
and keyboard selection; (k) accommodation of post-secondary students with disability; (1)
epidemiological methods applied to human factors and ergonomics research.

METHODS
Course References

The primary course text [7] provided well-annotated, rigorous treatment of the topic areas
listed above. Supplemental readings [8-11] provided additional professional perspectives.
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Instructors

Half of the course lectures were provided by the first author, whose background includes
degrees in mechanical engineering and OT, and whose work experience includes nine years in the
field of assistive technology service delivery. The second author, who has over 20 years of clinical
and instructional experience, provided significant support and guidance in curriculum development.
Guest I ecturers
_ Our expertise was supplemented by several outside lecturers and departmental staff. A
mechanical shop technician from our department provided design guidance and fabrication
assistance on student projects; a representative of our occupational health and safety department
provided lectures on the worker's compensation system, general ergonomics programs, and use of
PPE; an OT in private practice conducted a lecture on FCE's; an OT from a local hospital discussed
strategies for conducting effective worker education and training programs in industrial settings;
and the campus disability services coordinator came to speak about accommodation of post-
secondary students.
Assignments

Graded course assignments included: (i) weekly reading assignments from the text and
other references; (i) an individually completed assignment that involved calculation of injury and
illness incidence rates and other indicators of risk from an OSHA 200 log; (iii) an individually
completed project utilizing the NIOSH lifting equation to analyze the relative risk of a worker at an
actual worksite; (iv) a group semester project which entailed students working in groups of 2 or 3
to identify a worker or worksite in need of accommodation, provide assessment of the individual(s)
in their work environment, conduct a task analysis and assessment of risk for injury; development of
recommendations for change, fabrication of any devices needed, and formal in-class case
presentation at the end of the semester; and (v) a final examination featuring case study scenarios
requiring short answer and essay responses. Graduate students were also required to complete an
article critique of a research paper from the human factors and ergonomics literature. The graduate
students were also expected to take a lead role in completion of their group semester project.

DISCUSSION
Outcomes

Ten students completed the course during the Fall 1998 semester -- 9 students were
undergraduate occupational therapy students who were taking the course as part of an elective track
in vocational rehabilitation. The lone graduate student had a background in industrial design. Four
final projects were completed: (i) Three students worked with a local supermarket to develop
recommendations for improvement of cashier workstations. This group developed a written survey,
collected survey data from over 30 cashiers, analyzed the workstations being used by the cashiers,
developed recommendations for improvement of the workstation, and designed and fabricated an
adjustable-height stand for supporting plastic bags while bagging; (ii) Two students completed a
job analysis and fabrication of a device to aid two workers with visual impairment who are
employed at a local manufacturing site; (iii) Three students piloted a pre-vocational skills
assessment protocol at a training center for persons with developmental disability; and (iv) Two
students worked with a local farmer to help him develop a customized orthotic attachment to his
upper extremity prosthesis so that he could better complete two-handed tool operations.

Overall, students enjoyed the course content and assignments. The primary complaint of the
undergraduate OT students was that they did not have adequate time in their schedules to invest
themselves fully in this course, which is an elective for them.
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Future Adjustments

This course unfolded in a fashion that is characteristic of courses that are being taught for the
first time - i.e. few things occurred exactly as initially planned, but there were numerous successful
elements that offer promise for the future. We were quite pleased with the choice of content,
reading materials, assignments, and utilization of guest lecturers. The following changes are
planned: (i) We will next offer this course as a three-week intensive seminar during the latter part
of Summer '99.. The first two weeks will feature didactic content and initial work on the projects,
and the third week will focus exclusively on completion of the projects. (ii) As part of their final
projects, the student teams will prepare a poster presentation that summarizes the scope and
outcomes of their final projects. The posters will be presented at the beginning of the fall semester
to faculty and peers from the respective home departments of students enrolled in the course. This
will promote the accomplishments of the individual students, as well as promote awareness of the
course among other students and faculty. (iii) The course will be 'marketed’ more aggressively to
graduate and undergraduate students who are enrolled in industrial or mechanical engineering.
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THE OHIO ASSISTIVE TECHNOLOGY DISTANCE LEARNING PROJECT: A REVIEW
OF THE FIRST YEAR

Carol A. Sargent, Mary Binion, and Susan Wilson
ORCLISH
470 Glenmont Avenue
Columbus, OH 43214

ABSTRACT

The Ohio Assistive Technology Distance Learning Project (OATDLP) provided graduate
level professional development on assistive technology topics in a distance format to 149
participants in the 1997-98 academic year. Fourteen course topics were offered in a schedule
designed to meet the registration requests of the participants. Eligible participants were educators,
administrators, therapists, and other Ohio school-based personnel who committed to the completion
of 5 training modules.

BACKGROUND

In March of 1997, a proposal to provide distance learning opportunities to Ohio’s school-
based personnel was submitted by ORCLISH to Ohio’s Office of Information, Learning and
Technology Services (OILTS), an office created by the Ohio Legislature to meet the technology
needs of Ohio schools. The project proposed to support the mission of OILTS by: (1) providing
professional development for educators using the current technology infrastructure, liservs and web-
based training; (2) improving awareness and understanding of the benefits of technology for all
students; (3) promoting the inclusion in overall district technology plans of the needs of students
with disabilities; (4) increasing the skills and qualifications of district personnel to provide
evaluations of students’ needs for assistive technology devices and services; (5) increasing the
numbers of district personnel to qualified to provide training in assistive technology solutions; and
. (6) collecting data on the project outcomes. Additional partners in the project included the
University of New Mexico’s Research Institute for Assistive and Training Technologies (RIATT),
SchooINet, Bowling Green State University (BGSU), the Northwest Ohio Educational Technology
Foundation, and the state’s Special Education Regional Resource Centers (SERRCs). The project
was approved for funding in July 1997. The project funding supported the training and payment of
faculty, the learning kit materials provided to the students and the administration of the project. The
cost to the students was $100.00 for receipt of one graduate hour of credit, per module.

IMPLEMENTATION

Applications for project participation were sent to the 16 Ohio SERRCs with the request that
teams and/or individuals be identified to receive training for their region. The OATDLP faculty was
selected, including 4 speech and language pathologists, 1 audiologist, 2 occupational therapists, 1
occupational therapist/engineer, 1 special educator, and 1 licensed school Psychologist/special
educator. All faculty members have a minimum of 10 years of experience in assistive technology
service provision and are leaders in their area of expertise. To prepare as faculty, each member
completed, through the University of New Mexico’s RIATT project, the distance learning
module(s) that he or she intended to teach in Ohio. RIATT’s faculty also provided on-site training
to the Ohio faculty in December 1997.

From January 1998 through July 1998, 6 sessions of course modules were offered. Each

RESNA ’99 o June 25 - 29, 1999 169

180




Ohio AT Distance Learning Project

module was 4 weeks in duration with an additional 7-10 days for faculty to receive and grade the
students’ final projects and written assignments (mailed to faculty) and to compile and submit
grades to BGSU. The course sessions were scheduled with only 0-5 days between sessions. In all,
50 modules were provided and 149 students participated. Of'the 149 students who participated in
the first year, 96 (64.4%) completed 5 modules as agreed, and 6 of these students completed 6
courses.

All participants received a learning kit developed and licensed for Ohio’s use by RIATT.
Kit materials included reprints of articles, books, diskettes, CD-ROMs, audiotapes, videotapes, and
in some cases, fabrication materials. All kits also included worksheet materials and a competency
test on diskette that were to be sent to the faculty at the end of the course. Each virtual class had a
dedicated listserv for posting of the weekly assignments and class discussion. - The weekly
assignments included completion of specified activities from the learning kits (viewing of a
videotape, articles, practicing soldering techniques, worksheets, etc.) and questions for the class
participants to respond to and discuss online. .

The competency test was designed by RIATT to allow students three opportunities to
complete the test. Tests ranged from 25 to 50 items depending on the module, and were
administered via a diskette provided in the learning kit. The diskette recorded the dates and scores
of each trial. For the purposes of the OATDLP, the first assignment for all students was to
complete a pre-test (first trial of the test) as a measure of their knowledge prior to the course. Two
* post-course trials remained at the completion of the course for inclusion in the grade summary.

Student grades were based on participation in the listserv discussion, completion of the
weekly online assignments, completion of the worksheet materials, the competency test score and
the final project assignment. The majority of the students produced high quality work.

EVALUATION SUMMARY

A summary of the project evaluation has two components: comparison of the pre- and post
course test score data, and summary of the course evaluation data acquired via an online
questionnaire.

The average number of percentage points gained from pre-test to post-test data was 28.6 for
all students across all courses, with an average post-test score of 94.5 points on a 100 point scale.
This gain is the equivalent of improving the letter grade from a D to an A, and represents a
substantial improvement in course knowledge.

Course evaluation forms were posted to the listserv at the completion of each course
module. Students were asked to complete and return it to the ORCLISH office via mail or email.
Although the number of evaluations received was less than desired, responding students indicated
that the courses were of value to them in their workplace. Of the respondents, 84% rated the
knowledge gained as good or outstanding and 82% rated the usefulness to their Jjob as good or
outstanding. Students reported numerous anecdotes about their improved abilities to teach,
evaluate, acquire and access new technologies, and implement new processes in their work settings
as a result of their participation in the project. They also appreciated the opportunity to interact
online with other professionals in similar settings, developing networks within the state for collegial
communication and problem solving.

CONCLUSIONS
The response to the courses offered by the OATDLP has been positive. The feedback from
students and the data indicate that most of the goals proposed for the project were addressed and
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that the faculty support was excellent. However, some aspects of the project require change and
development.

The course schedule of consecutive sessions from January 1998 through July 1998 with few,
if any, days between sessions proved to be very demanding of students and faculty. A number of
students withdrew from the project in the spring, citing the schedule as “grueling”.

The use of listservs proved to be a challenge early on in the project. Many of the students
did not have experience with online communication, email access or computer problem-solving
skills prior to their involvement in the project. In the initial weeks their lack of experience was
complicated by problems with the reliability of the listserv functions. For students who were
computer novices, difficulty with access to the listservs was a frustrating obstacle in their efforts to
complete coursework.

FUTURE PLANS

The project has been funded for a second year, which commenced in October 1998, and
plans are underway for year three.

The schedule planned for the 1998-99 OATDLP sessions is more practicable. It allows 7
weeks per session: 4 weeks for the course content, 1 week for the student to complete assignments
and mail to the faculty, 1 week for the faculty to complete and submit grades and 1 week for an
inter-session break. The session offered in October was open to students who participated in the
project during the 1997-98 academic year. Registration for the sessions offered from January
through July 1999 will be open to new applicants, with funding available to support 75 new
students.

The listserv problems have been remedied. Listserv use and access is generally easier and
more reliable, and the support staff and faculty are now better prepared to address individual student
concerns. However, it is evident to the faculty that the use of listservs alone as the means to
communicate on-line with students is limiting.

The project management and faculty plan to incorporate improvements to existing courses
via the use of new course materials, message boards with threaded discussion capabilities and web-
accessed media. New courses in web-based format and additional faculty positions are planned
which will address assistive technology topics not yet covered in the existing modules.
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A TELEMENTRY BASED PRESSURE SENSING SYSTEM
R. F. Edwards, M.S, P.E. and B. A. Rowley, Ph D, P.E.
Department of Biomedical and Human Factors Engineering
Wright State University
Dayton, OH 45435

ABSTRACT .

A wireless system is introduced that allows a practitioner to observe in real time the pressures
underneath the foot as they occur during walking. The system described includes two modules, a
mobile patient unit and a fixed base unit. The patient unit includes two pressure sensing insert pads
and a transceiver. The base unit consists of a computer and a transceiver. The two units handshake
and send data wirelessly allowing the client freedom of movement from umbilical cords.

INTRODUCTION
Pressure measurements under the foot have been studied since at least 1882 (1). Since then,
particular interests have been the study of normal and abnormal gait, assessment of the diabetic foot,
changes due to arthritis, surgical procedures, prosthetics design, and sport applications in shoe
design. Early pressure measurement systems were bulky and expensive limiting their use to the
research laboratory. With the recent development of small, reliable pressure sensors coupled to
microprocessors, such equipment is now available for use in the practitioners office (2). These collect
information in a time sequence fashion and couple the client to the instrumentation via a multistrand
umbilical cord. While representing a major improvement over previous systems they do limit a
client’s freedom of movement. In addition, the data points are offset in time by the speed of the data
input causing system error in comparing pressure distribution across the sole of the foot. With these
limitations in mind, a study was undertaken to develop a system which would allow free roaming by
the client and capture multiple pressure data points simultaneously from the bottom of both feet.
There were two goals set for this research:
1. data should be sampled for collection at exactly the same instant in time,
2. the system should be wireless.

METHODOLOGY

The system was called a Telemetry Based Pressure Sensing System. It consisted of a portable
patient unit and a fixed base unit. Critical to meeting the task was identification of suitable pressure
sensors. They needed to be small, tough, reliable and comfortable. The ones chosen are known as
Force Sensitive Resistors (FSR) (3). They are very flat and can easily be arranged in different
patterns on a shoe insert. In operation, they change resistance as pressure is applied to them.
Unknown were the pressure response characteristics of the FSRs. An experiment was designed to
determine this. Sixteen pressure measurements were made on a sample of 20 FSRs from 0 to 203.72
pounds per square inch (psi). The results were analyzed using Matlab and then used in designing the
system software.

The patient unit consisted of two insole sensor footpads, signal conditioning, a microcontroller
and the wireless transceiver (Figure 1). Each footpad, similar to “odor eater pads”, incorporated
seven FSRs and was connected to the signal conditioning module via a thin ribbon cable. Seven FSRs
were chosen as this was sufficient to cover heal, metatarsal, and toe pressures. The signal
conditioning module consisted of amplification and capture-and-hold circuits for 14 inputs. The
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inputs were connected to a high-speed switching/multiplexing network controlled by the
microcontroller (4). The microcontroller provided control over when the 14 inputs were captured,
then read, and then transmitted to the base unit. The microcontroller’s program was written in
assembly language. The wireless transceiver provided high speed transmission as an RS232 data
stream at 19,200 bps (5). The patient module was battery operated, about the size of a VCR tape
cartridge and was worn using a strap around the waist.

The base unit consisted of a transceiver identical to the patient units and a personal computer
(PC). The transceiver was connected to the computer via the serial port at 19,200 bps. The computer
was a laptop design using an Intel 486 processor. Visual Basic operating under DOS was used to
develop the program. The program provided handshaking between the base unit and the patient unit,
capture of the data stream, storage of the data, and analysis and presentation of the data on the
monitor.

RESULTS

The measurement of the FSR response to pressure was plotted. The resulting mean curve is shown
in Figure 2. For use at the base station a polynomial equation was derived from the data. Because the
curve exhibited two distinct regions, two equations were produce, one for pressure ranging from 0 to
63.66 psi and the other from 63.66 to 203.72 psi (Figure 3). The results produced a fourth order
equation for the first section and a second order equation for the second section. These equations
were then used by the base unit program to calculate pressure values from the patient unit data.
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Y =-0.0001X + 0.0092X - 0.54X + 14.44X - 25.6 | 1Y = -0.0012X + 051N+ 117.08
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The system was capable of capturing and transmitting eleven sets of simultaneously data per
second as the subject walked on level surfaces or stairs. It was found that reliable data could be
recorded up to 75 feet from the base unit. At the base unit the data was provided in real-time for
both feet as histograms (Figure 4).

150

L1

150

R1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
TIME (SEC)

FIGURE 4 - 2 POINT COMPARISION SCREEN

DISCUSSION

The goals for this project were achieved. The overall system operated well performing eleven
simultaneous sample sets per second on both feet. The system maintained a satisfactory transmission
link within a 75-foot radius of the base unit. This provided for real-time free-ranging pressure
measurements. The FSRs were tested for pressures up to 203.72 psi and allowed observation of
pressures under the foot as they occurred in real time. The data was also stored by the base unit for
addition review and analysis. The insole pressure pads proved easy to fabricate, comfortable to wear,
tough, and provided dynamic measurements.
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UPPER EXTREMITY MUSCLE FATIGUE
SECONDARY TO COMPUTER USE

Stephanie Milazzo, MA, OTR, CHT
Beverly K. Bain, Ed.D., OTR, FAOTA
New York University
New York, N.Y.

ABSTRACT

Cumulative trauma disorders have increased more than 30% in the years 1981-1991, now accounting
for more than 50% of all work related injuries in the United States.1 Many cumulative trauma
disorders are believed to occur secondary to prolonged computer use.2 A repeated-measures design
was used to assess 22 volunteer subjects who keyboarded for one hour on a computer. The muscle
strength of the shoulder group, elbow, and wrist was measured bilaterally by a mechanical, hand-
held muscle tester (the Nicholas dynamometer). The measurements were taken at baseline (before
computer keyboarding), ten minutes after keyboarding, and one hour into computer keyboarding.
Anaylsis using a one-way ANOVA demonstrated a significant difference between the eight muscle
groups tested. After 60 minutes, the wrist group was the muscle group that fatigued most
significantly; and among the four muscles of the wrist, the wrist flexors were the muscles that
fatigued most significantly. Finger flexion muscle activity during keyboarding was not tested.

BACKGROUND

In 1988, more than 80% of the reported 240,900 new cases of occupational illness of U.S. workers
were cumulative trauma disorders.3 These disorders are reaching epidemic proportions and are
now ranked second in research priority by the National Institute of Occupational Safety and Health.4
The human cost, and the cost to business, insurance companies, and worker’s compensation has been
€normous.

Many symptoms are associated with computer use, such as eye strain, neck pain, shoulder pain,
carpal tunnel syndrome and wrist pain.s-7

Research has demonstrated that fatigued muscles have an increased factor for injury, fatigue being
defined as a reduction in muscle strength.s Jackson cited the use of the dynamometer for muscle
strength testing for work analysis, as a reasonable way to identify workers who would be at higher
risk of overexertion injury.s In this study, upper extremity endurance was tested with a
dynamometer to determine which muscles fatigued first.

RESEARCH QUESTION(S)
This study evaluated which muscle groups in the upper extremity fatigued the fastest after computer
use of one hour.

METHOD

Sampie

Twenty-two volunteers who were asymptomatic for repetitive motion injury or pain in the upper
extremities at the time of the study, and who had not been treated in the past year by a doctor or
therapist for repetitive motion injury. Sixteen subjects were female and six subjects were male. The
subjects were 18 years of age or older.
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Procedure

During testing, each subject was seated in a straight back chair with the wrist and elbow resting on
the table as the measurements for the elbow and wrist were taken. The arm was positioned in the air
with the shoulder at 90 degrees, while the shoulder was measured for flexion and abduction.

All muscle testing positions were measured according to the Kendall protocol.9 The Nicholas
Manual Muscle test device was pressed lightly against the subject’s skin over the desired muscle
group to be tested to record the digital muscle measurement. Muscle strength was tested before the
subject began computer keyboarding (as a baseline), after ten minutes of keyboarding (warm-up),
and after 60 minutes. During this study, no stress was placed on the volunteer subjects as they were
asked to keyboard at their own pace, with no deadline or expected output to be produced from their
keyboarding.

The data was collected on the digital read-out of the Nicholas Manual Muscle Tester. The data were
then interpreted statistically by computer using t-tests, two way ANOVA (Analysis of Variance) with
repeated measures, a Post hoc Analysis and one-way ANOVA.

The level of significance for all statistical tests were alpha=0.05. All statistical calculations were
performed using the SAS statistical software package (SAS Statistical Software 6.08, 1991) and Excel
4.0 (Excel 4.0, 1993, Microsoft).

RESULTS

A significant difference was measured among some of the eight individual muscles and the three
muscle groups, the shoulder, elbow, and wrist. After 60 minutes, the wrist group was the muscle
group that fatigued most significantly, F(1)=4.79, p=0.300, and among the four wrist muscles, the
wrist flexors (WF) were the muscles that fatigued most significantly. The elbow group fatigued the
least, F(1)=6.78, p=0.100, and the elbow extensors fatigued the least among the entire group,
F(1)=4.21, p=0.0416.

The wrist flexors showed significantly greater fatigue after ten minutes of computer work than after
60 minutes of computer work. The mean of the wrist flexors at baseline was 7.4, after ten minutes
was 5.24, and after sixty minutes was 4.71. :

DISCUSSION

All the wrist musculature demonstrated some fatigue, and the wrist flexors were the muscles that
fatigued first, and therefore, were the most affected (Table 1). In an activity analysis of computer
keyboarding by the authors, it was noted that wrist extension and finger flexion appeared to be the
primary movers when keyboarding. Wrist flexors appeared to stabilize the wrist during
keyboarding. Additionally, minimal wrist flexion was elicited when reaching to the keys above the
home row.

Tabie 1: Descriptive statistics for muscle strength (average of left and right muscles) by time (standard deviation, top; mean, bottom).

Muscle Standard Deviation
Baseline 10 Minutes 60 Minutes
SA 5.7 5.43 5.37
SF 5.23 5.46 5.65
EF 4.4 2.53 2.92
EE 5.36 4.41 4.07
WF 4.00 . 2.74 2.32
WE 3.8 3.2 2.20
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Muscle Mean

. Baseline 10 Minutes 60 Minutes
SA 12.83 11.50 10.33
SF 13.84 12.64 11.50
EF 10.79 9.74 8.33
EE 11.04 10.23 9.96
WF 7.41 5.4 470
WE 6.58 5.35 4.44

SA: shoulder abduction; SF: shoulder flexion, EF: elbow flexion; EE: elbow
extension; WF: wrist flexion; WE: wrist extension.

CONCLUSION

The results of this study suggest that the wrist flexor muscle group was the first group to fatigue
after prolonged computer keyboarding. The wrist flexor muscle group demonstrated greater fatigue
after ten minutes of computer work than at 60 minutes of computer work. The elbow group fatigued
the least of all muscle groups tested. Shoulder fatigue did not demonstrate statistical significance.
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IMAGING CHOICES FOR MEASURING MUSCLE THICKNESS

Anne-Caroline Dupont, Eric E. Sauerbrei, Paul V. Fenton, Peter C. Shragge,
Frances J.R. Richmond, and Gerald E. Loeb

ABSTRACT

The accuracy and reproducibility of muscle thickness measurements obtained by ultrasound
methods were compared to those obtained by magnetic resonance imaging or computer-aided
tomography in live human subjects and porcine cadavers. Results show that ultrasound
measurements correlate well with magnetic resonance imaging measurements and that repeated
measurements with ultrasound are consistent. Because ultrasound is an inexpensive and non-
invasive method of imaging, it should be considered a method of choice for muscle thickness
measurements in many experimental and clinical situations.

BACKGROUND

Muscle thickness is used commonly as an mdex to estimate size and force-developing
capabilities of muscles. However, common clinical approaches, such as measurement of limb girth,
do not always give reproducible or accurate results because the measured part often contains
numerous constituents in addition to the muscle of interest (e.g., fat, additional muscles and varying
amounts of accumulated fluid) (1). More accuracy can be obtained by using magnetic resonance
imaging (MRI) or computer-aided tomography (CT) (2, 3), but these approaches are expensive and
contraindicated for certain types of patients (4, 5). We propose to use ultrasound in order to
measure the thickness of shoulder muscles in hemiplegic stroke survivors who are undergoing
treatment for muscle atrophy using implantable microstimulators (6). However, it is unclear
whether ultrasound scans will be sufficiently clear and reproducible to provide accurate muscle-
thickness measurements (7).

RESEARCH QUESTIONS

We asked three questions. First, how variable are muscle-thickness measurements made
from ultrasound images compared to those obtained using magnetic resonance (MR) or CT scans?
Second, what is the intra-observer variation for multiple ultrasound measurements of the same
muscle? And third, how are ultrasound, MR, and CT images affected by the intramuscular presence
of microstimulators?

METHOD

The thicknesses of deltoid and supraspinatus muscles were determined in six human subjects
using ultrasound and MRI. Each subject was positioned prone with the arms held straight, in a
neutral position, along the torso. The skin overlying the deltoid and supraspinatus was marked
bilaterally at 4 locations with ink and with 8-10 mm diameter metal disks attached using a skin
adhesive. Ultrasound measurements were obtained by holding an ultrasound probe perpendicularly
to the skin surface and perpendicular to the long axis of the muscle at the locations of the markers;
thickness of the muscle was measured beneath each metal marker using the electronic calipers of the
ultrasound. The sequence of muscle measurements was then repeated twice to yield a total of 3
values at each location. The metal markers were then replaced by oil capsules and the subject was
repositioned in the same prone posture for the MR scans. MR scans were made perpendicular to the
skin at the site of each oil capsule. Muscle-thickness measurements were made with Vernier
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calipers. One set of MR measurements was made. To compare results on muscles with implanted
devices, ultrasound; MR and CT scans at 1 cm intervals were made post-mortem on porcine
hindquarters in which gluteus maximus had been implanted with two to six microstimulators.

RESULTS
Ultrasound measurements from human subjects differed from their MRI values by a mean of

1.3 mm (6.2 %) (s.d. 1.1 mm; range, -2.9 to 4.7 mm) (Fig. 1A). The larger differences often
appeared to be due to differences in registration between sampled sites from ultrasound and MR
images. Values obtained by repeating measurements in the same location using ultrasound differed
by up to 5.2 mm, with a range of standard deviations of 0.1-2.7 mm for thickness measurements
between 12.3 and 47.6 mm. Important contributing factors to differences were slight variations in
the angle of the ultrasound probe with respect to the skin and variation in pressure applied over the
muscle, which can flatten the muscle by up to 50% if extreme pressure is applied.

In porcine muscles, MRI and CT measurements at the same location were very similar
(mean of absolute differences: 1.5 mm; 3.1%) (Fig. 1B). Implanted microstimulators could be
identified with all three methods (Fig. 2). They were hardest to visualize using ultrasound because
they appeared as a thin white line only. On CT scans, they were clearly apparent and had small
bright lines radiating from the electrodes. On MR images, the shadowing was pronounced and
formed a halo up to 2 cm deep around the device.
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Figure 1. A. Muscle thickness measurements on human muscles using ultrasound and MRI; B.
Muscle-thickness measurements on porcine muscles using CT and MRI.

Figure 2: Images of porcine muscles with one microstimulator - Zé.rrows pointing on A and C) A.
ultrasound; B. MR; C. CT. On all images the microstimulator is approximately 7 mm into the
muscle.

DISCUSSION

The small differences typically found between values of muscle thickness using ultrasound
and MRI suggest that ultrasound provides a useful method for measuring shoulder-muscle
thickness, especially in situations where cost, availability of equipment, or the presence of
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contraindicating factors restricts the use of repeated MR or CT scans. The occasional large
differences that were seen in this study were often thought to be due to variation in the planes of
MR and ultrasound images, rather than limitations or distortions of the images themselves.
Nevertheless, muscle borders can sometimes be hard to discern in ultrasound images, and errors will
occur if other fibrous structures or planes are mistaken for muscle borders. Further, ultrasound
imaging may be inadequate if the muscles to be measured are located deeply or shadowed by
overlying bone. MR and CT scans provided almost identical muscle-thickness values. However,
MR images in particular were marred by large shadow-like artifacts around implanted devices. In a
small muscle, these distortions might obscure the muscle boundaries and thus interfere with
accurate muscle-thickness measurements.
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THE EFFECTS OF JOINT LOADING ON PASSIVE MOMENT
MEASUREMENTS
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ABSTRACT

In this study, the aim was to measure the passive moment at the ankle under different loading
conditions. For the experiment, the ankle was rotated at 10, 50, and 100 deg/s and the load on the
ankle was varied from 0-15 kg. The results showed that applying a load affected the hysteresis of
the passive moment response. The change in hysteresis suggests that friction within the joint may
be increased due to a larger contact force between the articular surfaces. However, the change in the
moment response was so minimal further analysis must be performed to quantify the change.

INTRODUCTION
The passive moments at the lower extremity joints have been studied by many previous
researchers (Goddard et al., 1969; Such et al., 1975; Weiss et al., 1986). Several studies (Mansour
and Audu, 1988; Riener and Edrich,
Load Visual 1997; Vrahas et al., 1990; Yoon and
EMG Signals Display| Mansour, 1982) have measured
i passive moments to determine their
, - relative contribution to the total
Filter/Amplifier | Pe;(t)’(‘;m moments needed during various
(Low Pass, 200Hz) activities, such as gait or sit-to-
Computer | gand transfers. In these studies
however, measurements were made
under conditions where the joint
loading was not representative of
EMG electrodes/ the loading that would be
Preamplifier experienced during the activity of
Figure 1. Experimental setup used to test the effects of joint loading interest. ~ The effects of - joint
loading were assumed to be
negligible although this assumption was made with little supporting evidence.
Consequently in this study experiments were conducted at the ankle to investigate how passive
moments changed with joint load. By examining this relationship we hoped to determine whether
or not the influence of joint loading could be assumed to be negligible.

METHODS

We measured the passive moment at the ankle of one representative heaithy subject. The
subject was a male aged 35 years, weighing 83kg (183lbs) with a height of 178cm (5° 107). A
KinCom 500H muscle testing system was utilized to measure the moment as the ankle was
passively rotated at a constant velocity. The velocities used included 10, 50, and 100deg/s. The
subject was placed in the measuring apparatus with the ankle joint aligned with the center of
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Passive Ankle Moment vs. Joint Angle (50 deg/s) rotation of the machine and the
shank positioned vertically. To
obtain this position the subject’s
knee was placed at 105 degrees of
flexion. To simulate the various
ankle joint loading conditions,
masses of 0, 3, 9, and 15 kg were
placed on top of the knee (Figure 1).
Because of the configuration of the
subject, the force of the weight was

— No offset

15Smm
—=—= 15mm offset with 9 kg

Joint Moment (Nm)
o &
//"l
4’/

‘\\\\ A transmitted to the ankle. The choice
101 \\:\\ of weights corresponds to
12} \\\ approximately 0, 10, 30, and 40% of
AN the load the knee would experience

14} , :
during standing. Before

-16 " " " i 4 " 1

40 -30 20 -10 0 10. 20 30 measurements were made the ankle

joint was also preconditioned by
rotating it at 100 deg/s for 20 cycles.

Determining an effective center
of rotation for the ankle was a
difficult task. Consequently, a set of tests was performed with the ankle misaligned from the
designated center. This variation allowed for a better determination of the true center of rotation.
Subsequently, calculations were made to correct for errors due to misalignment.

Joint Angle (Degrees)

Figure 2. Effect of misaligning the center of rotation

RESULTS Passive Ankle Moment vs. Joint Moment (50 deg/s)
In Figure 2 the results from the 4r

50 deg/s test are shown. In this — ORE

diagram, angles greater than zero 2r 15ke

denote dorsiflexion and angles less

than zero denote plantarflexion. or

The upper curve of each trace T ol

represents a movement from Z

dorsiflexion to plantarflexion. The = _4}

lower curves represent movement g

in the reverse direction. From the § -6t

figure a wvertical displacement =

between the curves can be noted. ‘3 -8

Using the ‘No offset’ curve as a - I

baseline, the ‘15mm offset’ curve is -10

shifted due to the misalignment of -12 o s . . . )

the center of rotation of the ankle. 40 -30 -20 -10 0 10 20 30

Adding a load to the misaligned Joint Angle (Degrees)

joint causes a further vertical Figure 3. Passive moment measurement in the unloaded and loaded

displacement of the trace. Using conditions

these results, corrections for a
misaligned joint could be made.
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The results of Figure 3 show the change in the passive moment response due to joint loading. It
appears that joint loading leads to an almost imperceptible increase in the amount of hysteresis of
the response. Velocity appeared not to influence the effects of joint loading.

DISCUSSION

These preliminary results suggest that joint loading can have an effect on passive moment
measurements. It is hypothesized that joint loading increases the normal force between the articular
surfaces of the joint. As a result of the increased normal force a larger frictional force is produced.
However although joint loading appeared to affect the passive moment measurement, the change
was only minimal. Therefore these results indicate that when measuring passive moments and
developing passive moment models, joint loading does not need to be a concern.

In this study, the effects of joint loading on the passive moment measured at the ankle were
examined. The results show a qualitative change in the amount of hysteresis as a result of the added
weight. However, a quantitative description of this observation still needs to be developed. Further
investigations including more subjects are planned to determine if joint loading effects are statistical
significance of these passive moment results.
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A DIRECT BRAIN CONNECTION FOR CURSOR CONTROL

Kim D Adams' M.Sc. EE,, John Goldthwaite' M.D.S.,- and Philip R Kennedy? M.D. Ph.D.
!Center for Rehabilitation Technology, Georgia Institute of Technology, Atlanta, GA
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ABSTRACT -

A neurotrophic cortical electrode has been developed and is being tested in human subjects.
This study investigates the level of control over the firing of neural action potentials that the subject
can achieve in order to use them to control the computer cursor. A training regime is presented and
the access method is tested in the Windows *95 ™ environment to perform text entry and voice
output for communication. To date, the subject has achieved some control over the firing rates and
is able to type his name using the neural signal.

BACKGROUND

A direct brain interface can provide a control site for people who have severe disabilities, for
instance, those in the later stages of Amyotrophic Lateral Sclerosis (ALS) or those who have had -
brain stem stroke. Their brains are still active and aware, but their bodies prevent them from
communicating their needs and thoughts. Several signals for computer-brain interfaces are being
researched including electroencephalogram and electrocorticogram (1,6). One drawback of these
techniques is their low signal resolution. The user can have an on/off control, and even a step
function in one dimension. However, the amount of information available from the signal is not
enough for a direct means of access.

A direct brain connection can potentially provide enough information for a direct access
method. Neurons produce action potentials (APs) and the neural firing rate changes with cognitive
efforts. That change in firing can be translated into control input for a computer. Tonic firing of the
AP (firing at a constant frequency) can be used to extract a position value for a computer cursor.
Thus, different cursor positions can be obtained by changing the firing level of the AP. Phasic
firing of the AP (bursts where the rate increases from one value to another) can be used to extract a
velocity value for the cursor. The bigger the change in frequency of the firing, the faster the cursor
will travel. Thus, two APs can potentially control the X and Y position of the cursor on a display.
A Neurotrophic electrode has been developed for implantation into the brain (2). Primate studies
have proven that APs can be recorded from one electrode with each action potential having distinct
shape and behavior correlation (3,4). The first human study, with a woman who had ALS,
presented the following results: the surgical implant procedure is safe, the signal is stable and
reliable, control of multi-unit firing activity using cognitive efforts is achievable, and individual
action potentials can be extracted from the signal data (5). The research team is presently
performing another human study with a volunteer, JR, who had a brain stem stroke which left him
completely paralyzed and ventilator dependent.

RESEARCH QUESTION

Can someone who uses the Neurotrophic electrode learn to control firing rates of APs well
enough for direct control of a computer cursor? If direct control is not possible, then how much
information can be extracted from the AP to improve the selection method beyond that of an on/off
signal?

RESNA ’99 ¢ June 25 - 29, 1999

196




DIRECT BRAIN CONNECTION

METHOD : :
The electrode structure, wireless transmission circuitry, signal processing and archival
equipment are shown in Figure 1 and described in detail elsewhere 2,3).

Figure 1

Recorded waveshapes above an operator specified threshold are analyzed according to seven
parameters in order to separate APs (3). When an AP occurs that meets the criteria an auditory tone
is sounded and that occurrence is indicated to the user computer.

The program to train the user to control the APs consists of vertical bargraphs of different
colors. The operator varies target number, position, and size in order to challenge the user. Both
tonic and phasic firing of the AP must be trained, thus, the height of the bar graph can represent the
AP firing rate or the change in firing rate. The user visualizes the performance of movements
which produce the required audio and visual feedback.

After gaining some control of the APs, the user graduates to the Windows 95 user interface,
where a custom mouse driver translates the number of occurrences of APs into cursor position and
velocity in the vertical and horizontal direction, as well as a click. Tasks that will be trained and
analyzed are text entry, voice output for communication, telephone access, and environment
controls.

RESULTS

JR underwent surgery to implant the electrode in March, 1998. The electrode began to
display neural activity after the expected time required for neurons to grow into the electrode cone.
After nine months of 3-4 sessions per week, JR has gained some control of the APs. Quantitative
analysis is underway. However, some qualitative observations can be made.

JR has not been able to control two APs independently. He has regained some muscle
function, first, the abductor hallucis in his left foot and later the brachioradialis in his left arm. That
extra functionality is used for accessing Windows; the neural signal induces cursor movement in the
X direction, the foot electromyograph (EMG) is used for controi in the Y direction and the arm
EMG activates a mouse click. All EMG waveshapes above an operator determined threshold are
accepted and the number of occurrences are passed along with the neural occurrences to the user
computer. .

JR is presently utilizing only phasic firing to drive the cursor. The mouse driver was
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modified so that the cursor will move to the right, driven by the neural signal, with a speed
according to how fast JR produces changes in AP firing frequency. Thus, when the cursor is far
from his target, JR produces many AP changes to increase cursor speed, and when it is close to the
target, he moves it more slowly. Occasionally, there is a burst of neural activity, possibly due to
general tension, when he gets near to the target which causes him to overshoot it.

So far, JR has used WiViK ™ for text entry and WiVox ™ for voice feedback. When using
the full keyboard with word prediction JR obtained too many unwanted selections. However, JR is
more successful with the simple keyboard layout with no space between keys. He has produced his
name with only one error in less than 5 minutes.

DISCUSSION

Although not at the direct access level, the signals JR is using are proportional, which is an
improvement over scanning access. More training is required, on a daily basis, in order to have
greater control over the APs, and to understand what cognitive efforts cause unwanted firings.

JR’s progress has been impeded in many ways. Firstly, training was interrupted when JR
went into intensive care with a respiratory illness. The time away from daily training decreased the
“memory” of the neurons. Secondly, training session length is limited to less than 2 hours. After
that, the APs disappear as JR tires. Finally, the action that he must visualize in order to produce the
desired effect has changed over time. Initially, imagining his arm moving produced APs and now,
moving his eyes produces stronger signals. Since his face has had the greatest sensory and motor
activity for the last 9 months, perhaps the areas of the brain that were used for the arm have been
subsumed by the face. There is a very small EMG signal developing on JR’s right arm. Ifit
increases to a usable level, then it will be easier for JR to use three EMG signals to control the
cursor movements, and the neural signal will be monitored to see how it reacts during EMG
activity.

There are immediate plans for software modifications to allow more operator adjustability,
for example, for time delay and cursor start position. Future work involves development of the next
generation of electrode circuitry and improvements to the software interface.
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ABSTRACT

The aim of this project is to improve ankle-foot bracing design for the myelomeningocele child by
exploring the use of advanced pre-impregnated (prepreg) composite materials used in the aerospace
industry. Orthotic support for this population has always been difficult, but it is important for the
physiological and social development of the child. This project aims to develop and investigate a
next-generation fabrication technique using a novel composite formulation that has the potential to
overcome several current problems of ankle-foot bracing. The results of this work may lead to
stronger, stiffer and lighter braces for the wearer, and improve methods of brace fitting, fabrication
and delivery.

BACKGROUND

While the industry-standard material for lower-extremity custom-made ankle-foot orthoses (AFO) is
thermoplastics (Figure 1a), its fabrication process is labor-intensive (1). The polypropylene braces
are often not stiff enough to adequately constrain range of motion. Metal bracing is stronger, but is
sometimes too heavy and cumbersome, and requires considerable fabrication and modification time.
Alternatively, composites currently appear promising, but the present state-of-the-art technique for
using carbon fiber is a wet lay-up lamination procedure. Such a procedure is toxic, timely, and
expensive and the resulting braces are bulky and are unable to be post-formed (Figure 1b) (2).

This research is concerned with exploring means of bringing advanced composites to the forefront
of orthotics technology in the same way that it has brought benefits to the acrospace and sports

, industries. This project aims to explore the utilization of advanced composites in (i) providing
stronger, stiffer and lighter ankle-foot orthoses for the wearer and (ii) improving methods of AFO
fabrication, fitting and delivery. In doing so, it is hoped that achieving these goals will overcome
several current problems of ankle-foot bracing.

Figure 1: State-of-the-art Ankle-Foot Orthoses (AFOs). (a) [left] Posterior Polypropylene AFO
with Single Axis Hinges, (b) [right] Posterior Wet Lay-up Composite AFO
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METHODOLOGY

A unique fiber epoxy pre-impregnated (prepreg) fiber cloth has been used to fabricate a number of
AFO designs. The use of this room temperature-storable composite prepreg permits a lightweight
AFO to be custom-manufactured over a positive.cast mold. The prepreg cloth is cut and placed over
the cast, in accordance with the desired shape. Carbon fiber plain-weave (Figure 2a) and 30°
braided tube (Figure 2b) are used for the lay-up on the cast. The braid is used primarily as a
structural support, while the plain weave provides support between the braided foundation. Section
thickness is achieved by placing more plys over areas where needed. The tackiness of the prepreg
makes self-adhesion possible, with no noticeable odor. The cast along with the prepreg lay-up is
wrapped in shrink tape (Figure 2c) before being placed in a high-temperature nylon vacuum bag._
The vacuum line is fed through an opening in a laboratory convection oven. The oven controller is
then programmed and cured at 310°F for one hour under a vacuum of 29 in. Hg (1 ATM).

Figure 2: (a) [Left] Carbon Fiber Plain Weave Prepreg Roll, (b) Braided Tube Prepreg and,
(c) Prepreg Lay-up over a Plaster Cast to the Desired Brace Trim :

RESULTS

Feasibility & Able-Bodied Subject Testing

Proof-of-concept AFOs were fabricated which demonstrated feasibility. Thereafter, posterior semi-
rigid, and posterior rigid AFOs were fabricated and fitted to able-bodied subjects, who tested the
braces by conducting their normal work activities (Figure 3a). Anterior (floor-reaction) AFOs were
subsequently fabricated due to their large prevalence in myelomeningocele bracing (Figure 3b), and
again, were tested with able-bodied subjects. The anterior shell, does not preventing knee
hyperextension as adequately as the posterior design. On the contrary, it is often more beneficial for
the myelomeningocele children because it prevents knee flexion that is not adequately controlled by
their weak quadriceps. All test AFOs have been fabricated with full-length footplates to increase
the lever-arm and maximize support during the terminal stance phase of gait, as is the case with
AFOs worn by children with myelomeningocele.

Figure 3: (a) [left] A Prepreg Carbon Epoxy Posterior AFO and, (b) A Prepreg Carbon Epoxy
Anterior (Floor-Reaction) AFO
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Mechanical Characterization

The design of the AFOs have been facilitated by mechanical characterization of the composites
used. Test coupons for tensile, flexure bending and compression characterization have been
prepared and tested. One probable area of the full-length foot plate anterior AFO where bending
will occur most and cause stress concentrations, is at the forefoot of the brace. This is one area on
the AFO design where fractures will most likely occur. To this end, we have begun to explore
material properties through testing that may add insight into this potential problem site. Data from
the mechanical tests will be presented.

Material handling and Preparation

The Project has undertaken serious consideration for providing the most appropriate working
environment in handling and preparation the prepreg materials in fabricating the braces. The
laboratory employs appropriate ventilationand dust collection equipment for brace sanding before
brace use. Additionally, all investigators are required to use correct eye and respiratory gear when
working with or near these materials.

DISCUSSION & FUTURE RESEARCH

Patient Testing

Patient testing has begun recently on children with myelomeningocele with two major
myelomeningocele clinics in the Los Angeles area. The children will wear the composite test
AFOs for several weeks and provide feedback on fit, function and other aspects of their experience.
In addition to subject feedback, clinical observation of gait parameters will be made with the child
wearing both his or her existing AFO and the composite AFO for comparative purposes.

Exploring Novel Fabrication Techniques

The investigators have discovered that the curing process of the composite material can be partially-
cured under vacuum. This means that after removal of the composite AFO from the mold, the
material maintains its shape but can be adjusted and returned to the oven for final curing, with no
need under vacuum. The cured part will retain the shape of the adjustment. This advance may
result in commercialization of this technique so that modular sized AFOs could be fabricated by the
manufacturer in a partially-cured state and sold to the clinician, where it may be stored at room
temperature. As needed, the orthotist would then custom-shape and fit a modular AFO directly to
the intended patient, without the need for casting or repeat visits by the patient. Overall, the process
may allow for rapid delivery of custom-fitted AFOs and in doing so eliminate fabrication time,
reduce patient visits, labor costs and overall healthcare costs, while providing lightweight, strong
and low-profile braces that may improving mobility for children with myelomeningocele.
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ABSTRACT

The objective of this paper is to demonstrate how a particular outcome measure, the Canadian
Occupational Performance Measure (COPM) has been successfully used on a routine basis as part
of the Vision Technology Service. Data from 3 clients were presented in single case study format
and the pooled results from 12 clients were reported in a second report. Our experience has shown
the COPM to be an effective outcome measure for monitoring the impact assistive technology has
had on clients’ occupational performance and on their satisfaction with this performance.
Recommendations for future applications of the COPM to AT are provided.

BACKGROUND

Despite the considerable short and long-term costs for assistive technology (AT) devices and
services, consumer demand has increased extremely rapidly since the early 1980s. In recent years,
however, a variety of economic factors have made it increasingly difficult to continue to provide a
high level of AT support in the absence of evidence supporting its efficacy (1). In concordance with
attitudes and values advanced by society at large, health care service delivery is now placing greater
weight on professional accountability and personal responsibility in client evaluation and
performance monitoring (2).

It has now become essential that AT practitioners, administrators and researchers establish methods
for demonstrating that their services are both effective and meaningful. The realization of this
economic reality has reinforced the clinician’s inherent interest in verifying the efficacy of AT
support. The availability of solid outcome measurement tools will enable AT practitioners to
determine the cost effectiveness of their services and to gauge the value of providing assistive
technologies. Moreover it will facilitate the evaluation of how users perceive the impact AT has on
their daily lives (2). There is thus a strong mandate, driven by both the external need to justify AT
services and the internal wish of practitioners to provide optimal AT solutions, to develop, test and
use outcome measures in a routine manner. Unfortunately, the development and use of AT outcome
measures is not a simple matter (3). Existing outcome instruments tend to be narrow in their domain
of application. Construct validity is not easy to achieve. There is great variability amongst both the
target clinical population and the large variety of existing AT devices and services and considerable
time can pass from an initial assessment until realization of functional goals.

OBJECTIVE

The objective of this paper is to demonstrate how a particular outcome measure, the Canadian
Occupational Performance Measure (COPM) has been successfully used on a routine basis as part
of the Vision Technology Service. The COPM is a valid and reliable measure designed for use by
occupational therapists to detect a client’s self-perceived change in occupational performance over
time (4). It is particularly suited to AT because it focuses on changes in occupational performance
before and after equipment intervention, identifies adequacies or failures in both support
performance and intervention performance and documents the need for further equipment
intervention, support training, environmental changes or re-assessment.
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OUTCOME MEASURES IN VISION TECHNOLOGY
METHOD

The use of the COPM as an outcome measure was incorporated into a proposal for a ‘Regional
Assessment Centre for Sight Enhancement and Sight Substitution High Technology Devices’
presented to the Assistive Devices Program of the Ontario Ministry of Health. The proposal was
approved and the Vision Technology Service (VTS) at the University of Toronto’s Adaptive
Technology Resource Centre (ATRC) commenced its first assessment in November, 1996. The
follow-up results from a modified version of the COPM are part of the biannual Quality Assurance
(QA) report to the Ministry of Health, along with responses to a Consumer Satisfaction Survey. The
objective of using the COPM in the VTS was to obtain client centered outcome data which would
document the effectiveness of clinical intervention and provide the funding agency with an indicator
of quality assurance.

Incorporated into each assessment is a modified form of the COPM which identifies the needs and
problems the client encounters in reading and writing in the three areas of occupational
performance: self care, productivity and leisure. The most important problems are selected for
scoring and rated by the client for performance and satisfaction. Clients are contacted for follow-up
self-rating after they have received their equipment and training. Any issues raised by clients are
noted, and they are asked to rate their performance and satisfaction in the problem areas with the use
of their new equipment. Results are discussed and any further intervention or cross referrals needed
are planned. The results are recorded in the clients’ initial assessment file and a copy kept for QA
purposes. A change of 2 points out of 10 in the performance or satisfaction rating is considered to be
clinically significant. Prior to preparing the biannual QA report, the average change in performance
and satisfaction scores for each client are calculated. The mean change for the entire group of
available clients is tabulated and presented as a measure of the effectiveness of equipment
prescriptions in meeting clients’ identified needs.

RESULTS

Data from 3 clients were presented in single case study format in the first two reports, then as
increasing numbers of clients were assessed and became experienced in equipment use, results from
12 clients were reported in the most recent report. One of the first cases, reported here as an
example of the single case format, involved a client who was authorized for a CCTV(Closed Circuit
TV) and was given recommendations for modifications to his parent’s home computer system and a
CCTV at school. This client identified three problems. For the first problem, sustained reading of
books and textbooks, a change in performance with CCTV showed an improvement of 5 points on
the 10-point scale and a change in satisfaction with CCTV showed an improvement of 3 points on
the 10-point scale. No changes in performance and satisfaction were noted in the other two
identified problems of difficulty .reading handwriting and fatigue in handwriting. The follow-up
discussion revealed that the family had set up the CCTV on a surface too high for the client for
handwriting and that they would adjust this. VTS staff initiated a referral for school based
occupational therapy to address the handwriting concerns with the school CCTV.

It is also useful to pool COPM data obtained from larger numbers of clients. In our clinic, data were
collected from 12 clients over a six month period. The mean improvement in performance rating
was 4.8, with a range of 8 to 2.6 among those who had completed their training. The mean
saiisfaction improvement was 5.0, with a range of 9.5 to 1.3. All clients reported significant
problems prevented him from completing his training. The same client and one other showed
improvement in satisfaction with the performance of the assistive technology, but not high enough
to be considered clinically significant. In discussion with the clients we found that more training
was desired by a number of individuals and that some had had difficulty obtaining funding for their
portion of the equipment costs.
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OUTCOME MEASURES IN VISION TECHNOLOGY
DISCUSSION

The model used at the Vision Technology Service is to compare clients” COPM self ratings in
performance and satisfaction in writing and reading needs after they have received their equipment
and training to their self ratings at the time of initial assessment. We have selected this tool because
it is sensitive to functional changes that can be brought about by assistive technology and because it
focuses on performance issues of importance to the client. Indeed, on a number of occasions the
COPM has served to focus the assessment and has helped to identify problems that clients would
likely not have otherwise raised as issues. Finally, the COPM provides numeric confirmation of
effective equipment use by clients and effective equipment recommendations made by clinicians,
data which has been positively received by provincial and private funding agencies.

Our experience has shown the COPM to be an effective outcome measure for monitoring the impact
assistive technology has had on clients’ occupational performance and on their satisfaction with this
performance. The measure is relatively easy to administer by the trained clinician and can be readily
incorporated into a typical clinical assessment. It does necessitate that clinicians find the time and
human resources to schedule periodic re-evaluation since follow-up data are essential for
comparison purposes. We see this in a positive light; the COPM encourages the clinician to
systematically incorporate follow-up evaluation (of great importance in AT service delivery) as part
of the clinical routine.

In order to further improve the provision of service to our clients we plan to:

® continue to collect initial and follow-up COPM data from all AT clients. This will add
considerably to the existing data pool enabling further comparisons amongst clients of
differing characteristics (e.g., age, pathology, AT needs, identified problems);

® compare COPM results with other AT outcome measures (e.g, PIADS, QUEST). This will
contribute to a better understanding of the value of the different types of information now
available to clinicians;

® promote a multi-centre AT-COPM data pool which would serve as a resource for AT centres
around the world. This would provide a basis for probing differences in AT services as a
function of, for example, clinical population, AT centre structure and cultural background.

REFERENCES

1. Deruyter, F. (1998). Concepts and rationale for accountability in assistive technology. In:
RESNA Resource Guide for Assistive Technology Outcomes: Measurement Tools. RESNA:
Arlington, VA, 2-14

2. Smith, RO. (1998). Accountability in assistive technology interventions: measuring outcomes. In
RESNA Resource Guide for Assistive Technology Outcomes: Measurement Tools RESNA :
Arlington, VA, 15-42

3. Cushman, L.A. & Scherer, M.J. (1996). Measuring the relationship of assistive technology use,
functional status over time and consumer-therapist perceptions of ATs. Assistive Technology, 8
103-109.

4. Law, M. Baptiste, S. Carswell, A., McColl, M., Polatajko, H., & Pollock, N. (1994). Canadian
Occupational Performance Measure, 2™ Edition, Toronto, ON: CAOT Publications ACE

2

Linda S. Petty

linda.petty@utoronto.ca, .
Adaptive Technology Resource Centre
University of Toronto Information Commons
130 St. George St.,Toronto, ON

CANADA, MS5S 3H1

Phone: (416) 946-3617 Fax: (416) 971-2629

RESNA ’99 ¢ June 25 - 29, 1999

204




FUNCTIONAL OUTCOMES OF ASSISTIVE TECHNOLOGY FOR ADULTS WITH
DEVELOPMENTAL DISABILITIES
Joy Hammel, Ph.D., OTR/L'%; Jin-Shei Lai, PhD?, OTR/L; and Tamar Heller, Ph.D.'
University of Illinois at Chicago, RRTC on Aging with Mental Retardation
'Dept. of Disability and Human Development & ?Dept. of Occupational Therapy

ABSTRACT

A group of 109 adults with developmental disabilities living in institutions with a mandate to
transition to the community received AT services and were followed four years post intervention to
determine functional status changes with and without AT over time. Results support the beneficial
impact of AT on functional status gain or maintenance over time for individuals with severe
disabilities who are aging in place, both in nursing homes and in the community.

BACKGROUND _
There are over 526,000 adults over the age of 60 with mental retardation and other developmental
disabilities in the U.S.[1]. As these individuals age, they experience both disability and age-related
issues, including cognitive and communication impairments coupled with decreased sensation,
vision, hearing, and mobility. These threats to function may be experienced as early as age 35 for
persons with Down Syndrome. As increasing numbers of people with development disabilities live
in the community, AT has been increasingly prescribed and legislatively mandated. However, few
studies have examined the impact of AT interventions on functional status with adults with
development disabilities as they age in place over time in community and institutional settings. An
outcome study of 35 adults with cerebral palsy and mental retardation showed that functional
screenings and AT services resulted in functional improvements over time [2]. A study of AT use
among 67 adults with developmental disabilities found that persons in nursing homes had greater
functional limitations in mobility, communication and activities of daily living, and used less AT to
address these limitations[3]. This sample was later expanded to 109 people. This paper reports on
preliminary functional status changes for this group from initial intake [3] through 4 years post.

RESEARCH QUESTIONS A '

1. What is the relationship of AT use to functional status at specific points in time (within 1 year of
intake, follow-up four years post intervention)?

2. What is the relationship of AT to functional status over time from intake to follow-up?

METHODS

As part of a larger study, a total of 268 adults with developmental disabilities, all of whom were
initially living in institutional settings, were followed. Of this number, 109 subjects received AT
services through a community-based AT service delivery center. The average age of these subjects
was 50.15 (range 22-83; S.D., 13.10); gender: 48% men, 52 women; and living situation: 53.2% in
community (family, CILAs, other) and 46.8% in institutions (nursing homes, etc.). Functional status
and AT use were assessed at Time 1 (within 1 year of receiving initial AT services) and Time 2 (an
average 4 years post intervention) using an adapted version of OT FACT, a functional assessment
instrument [4]. A total of 32 functional tasks reflecting basic and instrumental activities of daily
living were assessed using a 3-point scale: independent, requires some assistance, dependent. Each
subject was rated under two conditions: 1) without AT (person rating), and 2) with AT
(environment adjusted rating) at Time 1 and 2.
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RESULTS

Rasch analysis was used to transform ordinal raw scores from the 3 point scale into equal interval
linear measures, referred to as logits (log units)[5]. 95% confidence intervals, marked as dashed
lines on figures, were computed to determine significant differences across conditions (with AT and
without AT), and over time (from Time 1 to Time 2). Figure 1 shows comparisons of subjects’
functional performance at Time 1 with and without AT. The majority of subjects exhibited
improved functional performance with AT as compared to without AT (51/89; 57.3%), 36.1%

(33/89) showed no change, and 5.6% (5/89) had worse performance when AT was used (20 subjects
had missing data and were not included).
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Figure 1: Functional status at Time 1 with and Figure 2: Functional Status at Time 2 with and
without AT. without AT.

Figure 3 shows comparisons of subjects’ functional performance with AT at Time 1 and Time 2.
24.7% had better performance at Time 2, 65.4% did not change, and 9.9% had worse performance
at Time 2 (n=28 had missing data; n=81 analyzed). When compared to functional status without
AT at Time and Time 2, 14.0% had better performance at Time 2, 58.9% did not change, and 27.1%
had worse performance at Time 2 (n=2 had missing data; n=107 analyzed) (see Figure 4).

DISCUSSION

Preliminary analysis demonstrates the impact of AT on function for this sample of 109 individuals
with developmental disabilities, all of who began the study in nursing home or other institutions, at
each point in time, and across 4 years post intervention. The majority of subjects either improved or
maintained functional status with AT (only 9.9% had worse performance with AT versus 27.1%
without AT over time). The results also provide evidence to funders regarding outcomes of later life
AT interventions for persons with developmental disabilities as they age in place.
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Figure 3: Functional status at Time 1 & 2 with AT Figure 4: Functional status at Time 1 & 2 without AT.

Future analysis will examine the differences between subjects who remained in the nursing homes
versus those who transitioned to the community, focusing on which types of AT (e.g., seating,
communication) impacted most upon overall functional status as well as specific activity
performance (e.g., eating, cooking). Rasch analysis also will be used to examine the hierarchy of
difficulty of the OT FACT items and the sensitivity of the items for this population and to AT.
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EFFECTS OF THE TRANSITION TO POWERED MOBILITY ON
OCCUPATIONAL PERFORMANCE

Mary Ellen Buning and Mark R. Schmeler
Rehabilitation Science and Technology Department
University of Pittsburgh
Pittsburgh, PA 15260

ABSTRACT

Persons with mobility impairments who use wheelchairs view the change from manual to power
mobility device (PMD) in negative terms—as a sign that their condition is worsening or that they
are losing function. Using a structured interview format, this study compares changes in
occupational performance, life roles and quality of life of eight people with various diagnoses who
had previously used manual wheelchairs but changed to PMDs. The Occupational Performance
History Interview and the Psychosocial Impact of Assistive Device Scale were used to measure the
effect of the PMD. The results indicate that PMDs are associated with a significant increase in
adaptive performance in everyday life.

BACKGROUND

Many individuals who use wheeled mobility devices rely on them to move independently in
their surroundings, to engage in meaningful activities and to enact the roles of every day life. A
mobility device makes a pivotal contribution to a person’s quality of life when it both meets an
individual’s needs and matches their environment (1). According to Warren (2), moving around
under one's own volition is the foundation for a lifestyle of independence and self-initiated
behaviors. For individuals who are unable to walk and/or use a manual wheelchair, powered
mobility devices (PMD) provide and additional means of gaining independent mobility (3,4).
Despite the increased availability of PMDs and improved, access to public accommodations and
transportation, no studies have focused on the impact of powered mobility devices on daily life
activities. '

The transition from manual to powered mobility devices, is considered difficult, is resisted and
accepted only reluctantly by persons who have previously used manual chairs (5,6,7). While PMDs
increase independent mobility, they also represent the loss of a familiar means of mobility, and
often represent diminishing capacity. Additionally, they require more complex adjustments in the
human and non-human environments such as battery maintenance, ramps, power lifts, etc.

This study describes the impact of the transition from manual to power mobility on the quality
of life and the assumption of responsibilities, the enactment of roles and pursuit of interests. It also
examined the specific effect of PMD as an aspect of the non-human environment.

RESEARCH QUESTIONS

This study tested three hypotheses. The first is that using a PMD affects a person’s occupational
performance, i.e., their ability to assume or resume personally valued responsibilities, interests, and
roles. The second is that the non-human environment supports or constrains the use of the PMD and
subsequent occupational performance. The third is that the PIADS score which measures
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adaptibility, competence and self-esteem will be correlated with the impact of the PMD as measured
by the post score from the OPHI.

METHOD

Eight participants between the ages of 27 and 52 who had received their first powered mobility
device within 6 and 24 months were interviewed for the study. Diagnoses were cardio-pulmonary
insuffiency, muscular dystrophy, multiple sclerosis, spinal cord injury, or traumatic brain injury.
Particpants had the ability to compare life experiences with and without powermobility and were
interviewed in their natural daily living environments where they had mobility independence.

Two instruments were used to quantify interview data: The Occupational Performance History
Interview (OPHI) (8) and the Psychosocial Impact of Assistive Device Scale (PIADS) (9). The
OPHI gave a pre and post score with the receipt of a PMD as a demarcation event. The OPHI
quantifies interview data with 5 point scale in 5 domains: 1) organization of daily living routines; 2)
life roles; 3) interests, values and goals; 4) perception of ability and assumption of responsibility;
and 5) influences of the human and non-human environment. The PIADS measured the impact of
the PMD on competence, adaptability and self-esteem. Participants rated themselves on whether
personality characteristics increased or decreased with the PMD.

RESULTS

The mean OPHI pre score was 34.9 and the mean OPHI post score was 43.6. When analyzed
with a dependent samples t-test, a statistically significant difference (t=9.50; p=.0001) in scores was
found as the scores were highly correlated (r=.934), i.e., participants resumed or assumed personally
valued responsibilities, interests, and roles. The change in mobility devices made a significant '
change in the OPHI non-human environment subscore. When analyzed with a dependent samples t-
test, a statistically significant difference (p=.0002) in pre and post scores was found. '

The correlation between scores on the PIADS and the post scores on the OPHI for each
particpant could not be supported as the sample was too small to achieve a meaningful Spearman '
correlation (p=.21). However, the PIADS did indicate a significant impact by PMDs on the
adaptability, competence and self-esteem of the persons who use them (t=12.34; p=.0001). The
mean score for ail participants was 47.25 which was compared to a mean score of 0, an indication
of no psycho-social impact.

DISCUSSION

For the study participants, all of whom had severe disabilities, the meaning in their lives came
from their roles. Most expressed a clear understanding of and devotion to their roles as father,
advocate, mother, student, volunteer, entrepreneur, parental care taker, organizer, friend or
counselor. The difference in pre-post OPHI scores were consistent with a significant change in
participant’s ability to pursue interests, take on responsibilities and enact roles after PMD use was
introduced. Additionally, most had developed adaptive ways to undertake the various activities that
enabled them to enact these roles. Within the time span (mean=13.6 months) most participants
increased ability to enact previously valued roles and to engage in previously held interests.

A PMD supports or constrains performance depending on the accessibility of the environment.
Functional limitations in mobility are significantly reduced through appropriate combined use of
PMDs, accessible environments, attendant care and social supports.
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THE STABILITY OF IMPACT OF ASSISTIVE DEVICES !
Hy Day
York University, Toronto
Jeff. Jutai and William Woolrich
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ABSTRACT

The impact of an assistive device can be felt in two ways; its effect on the functionability
of the adopter, and its affect on his or her quality of life. The former has been researched
intensively, but the latter can only now be measured with a new scale. Using this scale with
eyeglasses adopters, we found that the psychosocial impact remains high over the first year of
wear. This is important because it can help us predict abandonment of prostheses if the impact
drops from positive to negative levels over time.

BACKGROUND '

The impact of the adoption of an assistive device (AD) can be felt in a number of ways.
Most commonly discussed is that an AD improves the function of its adopter. If the AD performs
poorly, requires complex and expensive maintenance, or is difficult to manipulate, it may be
abandoned. But a second important type of impact is on the quality of life of the adopter. There
are psychosocial effects impacted by the presence, or absence of an AD. But there may be a
conflict between the two. An AD may serve its functional purpose but may be embarrassmg for
the user, decrease self-esteem or feelings of control, and so may be abandoned.

There is a plethora of research on the adoption and retention of an AD linked to the
functional aspects of the AD. Batavia, Dillard & Phillips (1990) for example, identified four
major problems reported by consumers; inadequate performance by the AD, failure to achieve
improved function by the adopter, difficulty in operating the device, and high maintenance costs.
On the other hand there is a dearth of research on the impact of ADs on the quality of life (QOL)
of the user. Phillips and Zhao (1993) reported that 29.3% of 1,732 devices prescribed to 227
adults had been abandoned often because they failed to meet their needs and lifestyle priorities.
Other studies have alluded to the fact that abandonment of prostheses is often caused by their
failure to satisfy the adopters. Abandonment results in a waste of money, effort and time. But the
reason for the paucity of research on the impact of ADs on psychosocial aspects of life may be
that there has never been a valid method of measurement . While some measures of functional
impact include a few items on satisfaction, they tend to be general and inconclusive.

Recently, a measure was developed specifically to judge the impact of an AD on the
(QOL) of the user. The Psychosocial Impact of Assistive Devices Scale (PIADS) was developed
by Day and Jutai, and was reviewed in two RESNA workshops (Day & Jutai, 1995, 1998). It
consists of a 26-item questionnaire which, when factor analyzed, yielded 3 distinct subscales
which have been included in the literature as indices of quality of life. These are Competence.
Adaptability, and Self-esteem. Day and Jutai (1996) demonstrated the utility of the measure in
distinguishing the psychosocial impact of two commonly used ADs, eyeglasses and contact
lenses. They found that on all three subscales, contact lenses had a more positive impact. The
PIADS is the subject of a multi-center, international study to examine its validity and its clinical
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utility for a wide variety of ADs (cf. Gryfe & Jutai, 1998; Jutai & Gryfe, 1998).

RESEARCH QUESTION

However one aspect of an AD had not been examined as yet, namely, whether the impact
on the (QOL) of the adopter remains effective over time. It might be argued that with continuous
usage the AD becomes so much a part of the life of the user that it’s impact would diminish.
Examination of the literature on continuous exposure to an object found that this question has
received little attention and that, where research had been conducted, it had yielded conflicting
results. Slukin, Coleman & Hargreaves (1980) reviewed a large number of studies and postulated
an inverted *“U” curve linking liking to familiarity. But the expectation here would probably be
that the adoption of an AD would be felt more positively at first but would wane in time as the
user becomes more adapted to, or disaffected with, the device. It was therefor decided to study
the impact of the adoption of eyeglasses over a period of one year.

METHOD ,

The subjects in this study consisted of all the patients admitted to the Centre for Sight
Enhancement at the University of Waterloo for assessment of their eyesight and possible need for
eyeglasses over a period of two months. Subjects were promised a total of $15.00 to participate
in the study by agreeing to complete questionnaires three times over the course of a year.

Each participant received $5.00 at the first session for completing demographic
information. After about one month all the participants were mailed the PIADS, together with a

$5.00 bill. Participants who returned the tests in the second session were sent the PIADS about
11 months later.

RESULTS

The number of participants at the first session was 175; in the second session 129
returned the PIADS and 55 of those identified themselves as adopting eyeglasses. The adopters
were sent another copy of the PIADS (with the $5.00) and 45 people returned the package.

t-tests were performed on the PIADS data of the 45 who returned the questionnaire on
Times 2 & 3 and the 10 who didn’t return it on Time 3, and no significant differences were found
showing that, at least on adoption of the eyeglasses, the impact was similar.

~ A multivariate analysis was performed and the data clearly showed no change in impact

over a year of wearing eyeglasses (see Figure 1). Scores on the Competence subscale were
significantly higher than scores on the Adaptability and Self-esteem subscales, the same pattern
as found in the study by Day & Jutai (1996). This reinforces the normative value of the data
obtained from the original validation study of the PIADS. '

DISCUSSION

The results show clearly that the impact of the adoption of an AD did not wane over one
year. People adopting eyeglasses felt as positive a year after adoption as they did'at adoption
While this study was restricted to a one year period, earlier, as yet unpublished studies with the
PIADS, have found that even over longer periods of time there was little diminution of impact.

The importance of these results lies in our need to explore long term impact of any AD on
the life of its adopter. All too frequently we prescribe an AD and assume that the adopter will
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comply forever, continually using the prosthesis with no diminution of acceptability. This is the
first study that has followed up the adoption of an AD over a one-year period and found that
indeed, the impact remained high. Even if we assume that the 10 people in the study who failed
to respond to the third session had stopped using eyeglasses, we still find that at the first month
the impact was as positive as it was with those who continued to comply with eyeglasses wear.

The possibility of measuring the impact of an AD is important because we can then track
it over time and predict possible abandonment of the AD if we find the positive impact waning.
Also, so far, we have found that the impact of adoption of an AD is positive on all subscales of
the PIADS, and highest in Competence, both for eyeglasses and contact lenses. We are now in
the process of identifying the patterns for other prostheses '
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Figure 1: Change in Quality of Life Over Time
(n=41)
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ASSISTIVE TECHNOLOGY OUTCOMES IN THE SCHOOLS: IDENTIFYING A VALID
MEASURE
Michelle Kaye Silverman, OTR, Roger O. Smith, Ph.D., OT, Dave Edyburn, Ph.D. & Debra Taylor
University of Wisconsin — Milwaukee
Milwaukee, Wisconsin

ABSTRACT

The recent reauthorization of IDEA mandates the consideration of assistive technology as a
tool to enhance independent functioning in school activities. This simulates school administrators to
better identify which assistive technology devices and services are most cost effective and provide
the greatest impact. Currently, few appropriate assessment instruments are available to measure
assistive technology in the schools. This study reviewed instruments and identified two that, with
modifications, may be well suited for this task. The study examines the need for future research.

BACKGROUND

The reauthorization of IDEA in 1997 mandated that assistive technology be considered for all
students with an IEP. This has demanded that educational facilities seriously consider the benefits of
assistive technology. Administrators want to know that assistive technology is being applied in
productive and meaningful ways.

The lack of appropriate instruments prevents the effective measurement of assistive
technology outcome [1]. Few assistive technology instruments focus on assistive technology in the
school setting.  Still fewer of these are standardized. Informal methods of assessment do not
provide a valid basis for empirically measuring the effectiveness of assistive technology over time.
The lack of formal assessments in the schools prompted the development of the School Function
Assessment [2].

RESNA has responded to this insufficiency through the development of the RESNA Resource
Guide for Assistive Technology Outcomes [3]. The guide includes a volume on measurement tools
[4] to assist practitioners in locating and choosing assessment instruments.

RESEARCH QUESTION

The literature reveals that although instruments exist to measure aspects of function and
technology, none of these has been validated for use as an outcome instrument. The objective of this
project was to investigate the potential assessment tools available and determine if any one of them
or combination of the tools could be used as a valid measure of outcome in the schools.

METHOD

This study applied a comprehensive search for assistive technology assessment instruments.
27 instruments were found by literature review, expert interview and from the RESNA Resource
Guide for Assistive Technology Outcomes: Assessment Instruments, Tools, & Checklists Jfrom the
Field [4). These 27 instruments were reduced to 9 using the following criteria: comprehensiveness,
potential use for assistive technology in the schools, and versatility. These 9 tools were reviewed
and pilot tested by 22 special education professionals on 1-3 students on their caseload.

Practitioners completed a questionnaire and a follow up meeting was held with the
practitioners to discuss the instruments and gain feedback about how useful the instruments were as
an outcomes tool. At the meeting, groups of practitioners who used the same assessment instrument
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discussed their opinions about the instrument, and completed a second questionnaire. The results
from the questionnaires and subjective comments were aggregated.

RESULTS

The data from the follow up meeting identified a continuum of assistive technology service
delivery models and where each of the 9 instruments resided on that continuum [5]. This data is
presented in Figure 1.

Figure 1

technolgy

Screening | Referral | Comprehensive Matching‘ Acquisition | Implemetation | Follow |Educationa
Assessment person and Up 1 Impact
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SFA

QUEST
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SchoolFACT

Four instruments demonstrated components that might measure the educational impact of
assistive technology (see column on the far right): School Function Assessment (SFA) [6], the
Pediatric Evaluation of Disability Inventory (PEDI) [7], the Quebec User Evaluation of Satisfaction
with assistive Technology (QUEST) [8], and SchoolFACT [9].

All four instruments however exhibited major drawbacks. QUEST measures the subjective
components of outcome and focuses less on the educational impact. PEDI is not specific to school
activities. The School Function Assessment and SchoolFACT were identified as instruments that
best met all of the criteria, however neither explicitly measures assistive technology.

Further analysis among the research team revealed that these instruments might unmask their
potential if there was a way to better focus on quantifying changes over time. Specific design
modifications have been developed and protocols to test the reliability and validity of these versions
have been created. Figure 2 highlights the SFA-AT compared to its original version.

Figure 2: Comparison of SFA and SFA-AT

SFA SFA - AT

Penalizes participation score for assistive technology | Does not penalize participation score for assistive
use. technology use.

Measures outcome using an environment adjusted | Measures outcome using the difference between
method. environment adjusted and environment free methods.

Measures functional skill performance in school | Measures impact of assistive technology.
activities.

Designed with medical model. Designed on functional outcomes model.
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SchoolFACT was designed specifically for measuring school function using Trichotomous
Tailored Sub-branching Scoring (TTSS) as developed in OTFACT [10 1998 #184). This system
allows for efficiently scoring only domains of concern. SchoolFACT, however, must be revised to be
more assistive technology specific. These revisions are in progress and are called OATSFACT.

DISCUSSION

While substantial attention in measurement has focused on outcomes in the schools and in
assistive technology, few instruments combined these perspectives. This study devised two new
aversions of existing tools to meet this combined need. Follow up research will identify if these
modifications will produce the desired instrument. Further research is needed however to investigate
the degree of reliability and validity.
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ABSTRACT

This paper investigated the work and power of individuals with paraplegia while they were
propelling their own wheelchairs on a dynamometer at .89 m/s and 1.79 m/s (2 and 4 mph). Their
wheelchair was fitted with SMART™"s on both sides in order to collect kinetic data. This kinetic
data was used to calculate the work and power for a twenty-second trial at both speeds. There were
17 subjects: 7 with less then 7 years and 10 with more than 14 years of wheelchair use. The work
and power for the two groups were compared and none of the variables were significantly different.
Future studies can investigate the work and power produced while an individual is propelling up to a
maximal speed.

INTRODUCTION

Improved medical emergency services and technology has helped individuals survive what
was once a fatal accident with some level of paralysis. This has lead to an increase in the number of
manual wheelchair users each year (1). The smaller upper extremity musculature (compared to the
large leg muscles) was not made to withstand the forces and trauma of producmg mobility in a
wheelchair for an individual with a spinal cord injury.

Wheelchair research has numerous studies investigating physiological power that includes
aerobic and anaerobic power during manual wheelchair propulsion. Some of these studies also
report the physiological work exerted by the individual while they propel a manual wheelchair
(2 & 3). The mechanical work rate of the test trials has been reported but the overall work produced
during the test trial has not been calculated (4). There is a limited number of research articles
investigating the work and power produced during a manual wheelchair propulsion trial.

’ The purpose of this paper was to calculate the work and power produced by an individual

* propelling a manual wheelchair for a twenty second time trial at .89 and 1.79 meters per second
(2 and 4 mph, respectively). Analysis included the variables: work, power and the work and power
produced with each stroke during the twenty-second trials. It was hypothesized that there might be a
difference between work and power of individuals who have been using a wheelchair for less then
seven years and more than fourteen years.

METHODS

" Seventeen subjects were selected from the Human Engineering Research Laboratories
database in order to develop two groups using years of wheelchair use as the establishing criteria.
The subjects answered a questionnaire about their wheelchair history and health prior to the testing.
The subjects were divided by years of wheelchair use: one group had seven years or less of
wheelchair use and the other group had more than fourteen years of wheelchair use. Table 1
represents the mean and standard deviation of the two group's age, years of wheelchair use and
weight in pounds. ID# < 7 represents the individuals with less then seven years and ID# > 14 is the
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over fourteen years of wheelchair use groups. The ID# < 7 group's age ranged from 21 to 36 years of
old, wheelchair use of 1.3 to 6.7 years, and weight of 106 to 184 pounds. While the ID# > 14 group's
ranged from 35 to 53 years of old, wheelchair use of 14.7 to 25.2 years, and weight of 132 to 220
pounds.

The kinetic data were collected using SMART ™ "“s at a sampling rate of 240 Hz. The
individual’s wheelchair was fitted with SMART""™*'s on both sides. The individuals original seat
configuration was not changed. The wheelchair was then secured to a dynamometer. Data collection
was synchronized (SMART"™"'s) and collected via an IBM compatible computer. Raw kinetic data
(A/D units) were converted to forces and where it was then analyzed using Matlab programs. The
moment about the axle (Mz), measured by the SMART"™s_ and the angular displacement,
measured by the optical encoder, were used to calculate work (Joules) and then work was calculated
over the time period to compute power (Watts). The strokes were counted on the plot of work and
used to calculate the work per stroke and power per stroke. .

Wheel

ID#<7 [ AGE | WCYRS | WT (lbs.) |ID#>14 | AGE | WC YRS [ WT (Ibs.)
MEAN | 25.67 3.74 149.89 41.60 19.21 173.10
SD 4.61 2.12 30.58 5.30 385 29.65

Table 1. Subject ID#, Age, Weight and Wheelchair Years of Use.

Testing consisted of the subjects propelling their wheelchair at .89 and 1.79 m/s (2 and 4

mph). The subject would propel up to the speed of that trial and then maintain the speed. Data for
each trial were collected for twenty seconds after the subject reached steady state. The left and right
work and power data were combined and averaged for a work average and power average for each
individual before the group means and standard deviations were calculated. Statistical analysis of
the work, power, work/stroke, power/stroke and subjects' weights was performed using a T-test in
Excel with an o0 = 0.05.

RESULTS

The results of work average (WRK), power average (PWRY), work per stroke (W/ST) and

power per stroke (P/ST) from this study are represented in Table 2 (Speed .89 m/s) and Table 3
(Speed 1.79 m/s). The tables show the groups: less then seven years (< 7) and more than fourteen
years (> 14) of wheelchair use. There were no significant differences between the less then seven
years or more than fourteen years of wheelchair use for any of the variables investigated, including
the subjects’ weights. .

<7 | WRK PWR W/ST | P/ST <7 | WRK PWR W/ST | P/ST
(8)) W) ) (W) (@) W) (8)) w)
Mean | 217.64 | 51828.57 | 13.54 | 3224.52 | Mean | 345.85 | 8534429 | 14.79 | 3520.59
SD | 113.11 ] 26961.13 9.56 | 2278.56| SD | 169.69 | 40403.49 946 | 2251.30
>14 >14
Mean | 233.21 | 55520.00 | 12.70 | 3023.62 | Mean | 355.02 | 84529.47 | 1358 | 3233.12
SD 80.95 | 19289.94 466| 1111.16 | SD | 136.03 | 32387.21 6.29 | 1498.79

Table 2. Trial Speed .89 m/s (2 mph)

Table 3. Trial Speed 1.79 m/s (4 mph)
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DISCUSSION

There were no significant difference found for the variables in this study: work, power, work
per stroke, and power pér stroke between two groups of individuals that use wheelchairs for
mobility. One group had used the wheelchair for less then seven years while the other group had
used the wheelchair for over fourteen years. The hypothesis was that a group that had used the
wheelchair for twice as long as the other group might have a more efficient propulsion stroke. The
means were similar between the two groups, but it should be noted that the standard deviations are
smaller for the over fourteen years of wheelchair use for all the variables investigated for this study.
This could indicate that over time the work and power an individual propels at for a steady state
period become more homogeneous to individuals that have propelled a wheelchair many years.

The test trials were twenty seconds long and the individuals propelled at .89 m/s (2 mph) and
1.79 m/s (4 mph). Because the speed was the same for both groups and a steady state was
maintained by each individual, it might be possible that an individual can become acclimatized to
propelling a wheelchair rather quickly. An individual might adapt in the first year or so and be able
to propel at a steady state as efficiently as someone who has been propelling for many years. It
should be noted that the ID# > 14 group was older and this might affect their measured work and
power production levels during wheelchair propulsion.

. Future studies can investigate the work, power and the work and power per stroke during a
start up trial, which involves the individual propelling up to a maximal speed as quick as possible.
The efficiency when the individual starts to propel is an important factor when it comes to avoiding
injury to the wrist and/or shoulder. The moment (Mz) that produces motion of the wheel is possibly
higher during start up since the wheelchair is accelerating. This makes efficiency during start-up
propulsion an important factor on limiting upper extremity loads and avoiding wrist and/or shoulder
Injuries.
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GAIT ANALYSIS USING A 3D GRAPHIC MODEL TO DRIVE IMAGE PROCESSING
Kathy Johnson*, Rick Parent**, Jianxiang Chang**, Xiaoning Fu**
*Dept. Health Informatics, UT Houston; **CIS Dept., The Ohio State University

ABSTRACT

Gait analysis is a valuable tool in diagnosing walking disorders. However, the laboratories
where such studies take place are often far from where the patients are. In this paper we describe a
preliminary approach to using standard video for follow-up analysis. Techniques from graphics and
human motion modeling have been combined to determine the patient’s motion.

INTRODUCTION

Today, human leg motion has been widely studied and simulated. Some approaches have
used several detectors, and multiple cameras to record the position of the leg and then used image
processing to simulate the leg motion. In this work, our objective is to minimize the use of markers
and cameras in order to provide a low-tech solution to gait digitization. In order to accomplish this,
we are using a 3D model of the patient’s leg to drive the image processing.

In our scenario, a patient has an initial visit to a clinic at which time information about the
patient’s leg geometry and pathology are recorded. After some treatment period has elapsed (e.g.
wearing a brace or post-surgical recovery), a videotape of the patient walking is taken at a remote
site and sent in for analysis. We are in the process of developing techniques to enable this analysis.

METHODOLOGY

Step 1: Leg modeling

For the initial stage of the project we created surface and skeleton data for a human leg. To
obtain digital data for a human leg, we have downloaded 110 images from the “Visual Man” which
were cross sections of the leg.(1) Each image was processed to extract the contour of the cross
section. Each contour was digitized and connected to other contour data so that the surface of the
leg was constructed. A digital model of the leg’s bones was obtained from the internet.

Step 2: Image processing

The next step was to obtain gait data from a human subject without the use of markers. With
the assistance of The Ohio-State University Gait Lab, video sequences of a subject’s leg motion was
taken. (In order to simplify the image processing at this time, the subject wore a red stocking on one
leg and a black stocking on the other; this requirement will be eliminated as our image processing
becomes more sophisticated). The video was recorded with different cameras at different positions;
one camera was in the front of the subject and the other was at the side of the subject.

The side-view and front-view video was dumped to a digital disk. The silhouettes of the legs
were extracted from the images; to reduce the noise, a cubic B-Spline curve was used to represent
the leg contour. This curve was fitted to the contour data using the contour points as control points
of the B-spline curve. This had the effect of smoothing out local variations in the contour data due
to noise. Horizontal slices were taken through each scanline of the silhouettes and the midpoint of
the slice was used to produce a central axis for each image. Thus, each axis consisted of one to two
hundred points, one per scanline. Figure 1 shows a sample contour.
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Step 3: 3-D leg motion simulation

The multiple 2D views of the leg motion, basic knowledge about the human anatomy, and
velocity constraints on the motion were used to reconstruct the leg motion from the axis data. First,
for each time slice, the two 2D axes were used to construct a 3D axis by.constructing the planes of
project from the camera setup, and then intersecting the projections of the 2D axes from the image
planes. This resulted in, for each of the two legs, a single animation sequence of a 3D axis through
time. These axes, however, still contained noise. In order to overcome the noise and to infer
consistent upper and lower leg axes, the sequence was searched for the frames in which the largest
curvature occurred at approximately the middle of the axis. This located the knee joint in each
frame with some associated measure of reliability. By fitting straight lines to the upper and lower
parts of this, a stylized leg could be constructed. The same process was used to locate the ankle in
one or more frames. Once this was done for the set of frames, the more reliable points could be used
as control points of a space-time curve to track the motion of the knee joint and ankle joint
throughout the sequence. (This is somewhat inaccurate because the original 2D axis we constructed
used the midpoint of the silhouette instead of something more anatomically appropriate; we will
improve this in future work). The space-curve could also be used to infer the position of joints
during frames in which data was missing due to occlusion. Once these joints were located in all
frames, the entire skeleton could be constructed in all frames. The bone data was fit to this data as
was the surface data created in Step 1. ‘

RESULTS & DISCUSSION

Progress is being made rapidly in being able to do the tasks that we have set out for
ourselves. Examples of the state of our work are given in the figures. Figure 1 shows a contour
extracted from video. Figure 2 shows a frame of bone and contour animation.

Using video of a markerless human has proven to be a promising approach to analyze gait.
We hope to improve on many facets of the approach in order to make the system more robust and to
eliminate the many restrictions that our system currently has. However, we have successfully

N
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Figure 1 Extracted leg contour side view Figure 2 Single frame of motion and skeleton
animation
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analyzed video and recreated a human gait cycle with this technique. The next step is to
simultaneously capture marker data and use it as a baseline comparison for our results. We have
already used motion data from our gait lab to animate the initial skeleton and surface data.
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EXAMINATION OF THE MOMENTUM TRANSFER STAGE OF SIT-TO-STAND
PERFORMED BY HEALTHY ELDERLY USING ACCELEROMETRIC & VIDEO DATA
Betty S. Troy, Eric E. Sabelman, Deborah E. Kenney,

Ruth Yap, Margaret Willits, Sandy Dunn-Gabrielli
- Department of Veterans Affairs Health Care System
Rehabilitation R&D Center, Palo Alto, CA 94304

ABSTRACT

Momentum transfer is a critical sit-to-stand stage, which can determine the success or failure
of its outcome. Nine healthy elders who performed sit-to-stand at normal speed were studied, using
time markers extracted from video overlayed onto accelerometric data. Spearman rank correlations
were run to examine sway and pitch relationships with percentage of time spent in this stage. A
relationship was found between the percentage of time spent in momentum transfer with sway
during the duration of the activity, and with flexion momentum and momentum transfer intervals.
BACKGROUND

The sit-to-stand (STS) activity is routinely performed on a daily basis by most individuals --
one must rise from a seated position before one can walk. The activity has been defined to consist of
4 distinct phases (Fig. 1) [1,2]: (a.) Flexion momentum (FM) begins with the first sign of upper
body motion and ends just before the subject’s buttocks come off the seat; (b.) Momentum Transfer

* (MT) begins the instant the subject leaves the seat and ends with maximum ankle dorsiflexion (In

this stage, primarily forward momentum is transferred into upward momentum.); (c.) Extension
(EXT) ends when the hips first become fully extended; (d.) A settling period then follows as motion
returns to that of quiet standing. MT is the stage which has most influence on whether a STS failure

will occur [1,2,3].
| | , T! ?
K OH H| R

Quiet Sitting | Flexion Momentum Momentum Transfer Extension Settling Quiet Standing

Figure 1. Stages of Sit-to-Stand

OBJECTIVE

Using data from a Wearable Accelerometric Motion Analysis System (WAMAS) and split-
screen video data, we propose to determine whether a relationship exists between the percentage of
time spent in the MT stage and physical stability during sit-to-stand performed by healthy elders.
METHOD

Eight healthy elderly subjects [3 female/5 male; mean age = 74.88 yr. (+4.29); mean height =

66.31 in. (+3.86); mean weight = 166.5 1bs. (+40.84)] were asked to perform sit-to-stand at normal
speed with arms crossed at the chest. Each trial was repeated 3 times and videotaped from frontal
and sagittal views. Upper body motion was recorded using the WAMAS, which consists of four 3-
axes accelerometers (two at the head and two at the waist), and a wearable computer 4, '5].
Videotaped performances were partitioned, using frame counts, into the stages of sit-to-stand
described above. The settling period was measurable in WAMAS data but not visible on video
recordings, and was not included. The TOTAL time was defined to begin at the start of FM and end
after EXT was complete. Start time was synchronized with the start of visible motion of the upper
body for both video and accelerometric data. The duration of each stage was normalized by
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MOMENTUM TRANSFER IN ELDERLY SIT-TO-STAND
calculating the percentage of time spent in each stage as compared to the TOTAL.

Angular motion was estimated from the accelerometric data by using the following
equations; AZX =90deg - [ArcTan (Z/X)]*(180/Pi) = “pitch”,

AZY =90deg - [ArcTan (Z/Y)]*(180/Pi) = “sway”, where, Z = acceleration in the
vertical direction (g; 1g = 9.8m/sz); Y = acceleration in the lateral direction (g); X = acceleration in
the anterior-posterior direction (g). Keep in mind that each of the four sets of accelerometers
consists of three accelerometers which are mounted orthogonally on a cube [4, 5]. With the body
axis vertical, the Z-axis corresponds to the sensor which primarily records vertical accelerations, the
Y-axis corresponds to lateral accelerations, and the X-axis corresponds to anterior-posterior
accelerations. Measured accelerations are a composite of inertial (change in velocity) and
gravitational components; the latter dominate when the body is tilted while the former are greater
when the body is vertical.

Time intervals obtained from video frame counts were superimposed onto accelerometry
data. Standard deviations (sd) of AZX and AZY were calculated for TOTAL and also each of the
time intervals (FM, MT, EXT). Only accelerations measured at the waist were used for analysis
since variations -in head motions not related to the sit-to-stand activity (i.e., talking, head turning to
look at equipment or operator) were present. Spearman Rank Correlation coefficients were
calculated for the standard deviations, normalized intervals, and subject characteristics to determine
the level of significance of their relationships.

RESULTS

10.00 -

0.00

angle (deg.)

-10.00

-20.00

-30.00 -

g'.

(]

0.00
0.61 |
1.82
242 |
3.03

nil21 ]

M MT EXT

time (sec.)

Figure 2. Sample plot of accelerometric data.

In Figure 2, a sample plot of accelerometric data collected at the waist sensors is shown with
overlayed time markers extracted from video frame counts. The solid trace represents pitch angle
and the dotted trace represents sway angle. At the beginning of FM, a slight lateral movement is
observed as the sway and pitch angle briefly become negative. As the upper body flexes forward,
pitch angle has a negative slope, accompanied by lateral motion. As the subject comes off the seat
and approaches maximum ankle dorsiflexion in MT, sway fluctuates slightly and pitch angle
abruptly becomes negative until a minimum is reached. As the hips approach full extension, pitch
angle increases and sway diminishes.

Table 2 summarizes mean standard deviations and percent time intervals of data used in
Spearman rank correlation calculations. Based on the Spearman Rank Correlation coefficients, the
percentage of time spent in MT was found to positively correlate (P<0.05) with height (r,=0.81),
sway throughout STS (r=0.93), sway during FM (r,=0.83), sway during MT (r,=0.79), and
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percentage of time spent in FM (7,=0.81). The percentage of time spent in EXT was negatively
correlated (r=-0.95) with percentage of time spent in MT. Pitch did not show significant
correlations with percentage of time spent in MT. However, pitch and sway during MT were
significantly correlated (r,=0.79).

Table 2. Data Table.

TOTAL FM MT EXT
sd AZX | 19.29(sd=4.47) | 3.01¢0.90) 7.21(4.31) 8.19(2.00)
sd AZY | 4.98(1.53) 2.38(0.98) 2.96(1.63) 3.17(0.85)
% time | ----—- 32.56(2.93) | 18.16(5.08) | 49.28(7.38)

DISCUSSION /CONCLUSIONS

MT is a critical stage in STS when the base of support is transformed from three points to
two. It is the transitional state when primarily forward momentum becomes upward momentum.
Essentially, MT is the stage which will determine the success or failure of the STS. An individual
would fail the STS if they experience a sitback failure or fall forwards [1,2,3]. Sitback failures may
be due to muscle weakness and impairment in balance control or coordination, resulting in a “lack
of adequate momentum and torque generation” [3]. Likewise, lack of sufficient control when the
center of gravity moves forward and outside of the base of support would result in a forward fall.

Results from this study suggest that the larger percentage of time spent in MT, the more
likely that sway would increase during TOTAL, FM, and MT. One explanation might be that there
is an increase in interruptions introduced during the transfer of momentum when more time is spent
in this stage, resulting in a less smooth motion. This increase in sway does not affect the outcome of
a successful STS. Another factor which may affect the smoothness of TOTAL, FM, and MT is the
subjects’ height. A taller subject would be required to move a further distance when coming off the
seat during MT, resulting in a larger percentage of time spent in this stage. A larger subject would
generate more momentum, possibly resulting in a greater amount of pitch and sway.

We conclude that there is a relationship between the percentage of time spent in MT with
sway in TOTAL, FM, and MT during sit-to-stand performed by healthy elderly. Further study is
required to determine whether this sway is related to instability in populations which tend to
routinely experience STS [ailures.
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IN SEARCH OF A BETTER UNDERSTANDING OF WHEELCHAIR SITTING
COMFORT AND DISCOMFORT
Michele Monette'-2, Rhoda Weiss-Lambrou" 2 and Jean Dansereau’
'NSERC Industrial Research Chair on wheelchair seating aids, Ecole Polytechnique de Montréal
2School of Rehabilitation, University of Montreal, Québec, Canada

ABSTRACT

The purpose of this paper is to present the descriptors of sitting comfort and discomfort that
constitute one of the components of the Wheelchair Sitting Comfort/Discomfort (CD) assessment
tool under development. Two focus groups were conducted to identify factors associated with
feelings of wheelchair sitting comfort and discomfort. The descriptors generated by the participants
of this study confirm the multidimensional nature of comfort and discomfort and reveal how the
wheelchair user perspective differs from that of non-disabled persons.

BACKGROUND

Comofort is one of the primary goals of wheeled mobility and seating aids. In a recent study on
user satisfaction with wheelchair seating aids, results showed that comfort was considered to be the
most important consumer criterion while at the same time it was the least satisfying (1). But what is
sitting comfort ? In an ergonomic study with office workers, Zhang et al. (2) propose a conceptual
model for perception of discomfort and comfort. In this model, discomfort is associated with
biomechanical factors and fatigue while comfort is associated with feelings of relaxation; the two
concepts are treated as different and complementary entities. Experts in ergonomic research on
sitting comfort have developed both objective assessment techniques and subjective measures for
evaluating chair comfort of office workers (3,4). Helander and Zhang (5) recently developed
a Chair evaluation checklist that lists twelve descriptors of comfort and discomfort and two overall
ratings of comfort and discomfort (Table 1).

Comfort descriptors I feel relaxed The chair feels soft The chair look nice

I feel refreshed The chair is spacious [ like the chair I feel comfortable
Discomfort descriptors I'have sore muscles 1 feel stiff I feel tired I feel restless

I have heavy legs I feel uneven pressure from the seat/back I feel uncomfortable

Table 1. Comfort and discomfort descriptors for non-disabled office workers %)

To date, there have not been any studies that have examined how these descriptors might be
similar to or different from the factors associated with wheelchair sitting comfort and discomfort.

RESEARCH QUESTIONS

What factors are associated with wheelchair sitting comfort and discomfort? Are the factors
associated with sitting comfort and discomfort for wheelchair users similar to those for non-disabled
office workers?

Objectives : This study was conducted as the first step in the development of a new outcomes
measurement tool, the Wheelchair Sitting Comfort /Discomfort (CD) assessment tool. Two focus
groups were conducted to define the multidimensional nature of wheelchair sitting comfort and
discomfort and a pilot test of the CD tool was conducted. The main objectives of the focus groups
were to identify those factors that are considered to be associated with wheelchair sitting comfort
and discomfort, to improve upon the clarity of the comfort and discomfort descriptors that emerged
from those groups and to discuss the content and format of two versions of the CD assessment tool.
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METHOD _

Sample: The first focus group was composed of nine participants; six experienced wheelchair
users with a range of disabilities and three occupational therapists specialised in the area of
wheelchair seating. Although the same individuals were asked to participate in the second focus
group, two of the wheelchair users could not participate a second time and as result one new
wheelchair participant was recruited.

Focus group 1 : The participants were first asked to think about those factors that could be
associated with their feelings of wheelchair sitting comfort and discomfort; they were invited to
write their feelings in terms of descriptors of comfort and discomfort. According to a modified
version of the Nominal Group Technique (6) the participants took turns in verbally expressing the
factors they considered to be associated firstly with wheelchair sitting comfort and then with sitting
discomfort. The moderator recorded the descriptors on a flip chart for all to read and discuss. Then,
from a list of comfort and discomfort descriptors that had been identified in the ergonomic
literature, the participants were asked to select any of these items that they felt should be added to
their own responses. A final list of 26 descriptors of sitting comfort and 22 descriptors of sitting
discomfort emerged. Lastly, they were asked to individually select the 10 descriptors they
considered to be the most important in each category and to rank them in order of importance. The
focus group ended with comments and suggestions for improving the content and format of the first
version of the CD assessment tool.

Focus group 2 : The second focus group was conducted one month after the first. Prior to
attending the second focus group, the participants received in the mail, the ranking results of the
descriptors generated in the first focus group as well as a second version of the CD assessment tool.
The remaining non-selected descriptors were presented and the participants were asked to select
from these excluded descriptors, the five most important descriptors of comfort and of discomfort
and then to rank them in order of importance. Lastly, as part of the content validation process, the
participants took turns in commenting on the second version of the CD assessment tool.

RESULTS
A total of 31 descriptors emerged from this study (Table 2).

Comfort descriptors

1.1 feel good 9.1 have a good endurance level in my wheelchair

2.1 feel supported in the right spots 10. I can move effortlessly

3. 1 feel little pressure under my buttocks 11. 1 can easily adjust the wheelchair components

4. My wheelchair and I are one 12. I feel satisfied

5.1 can perform my activities 13. I can manoeuvre my wheelchair when I adopt the right position
6.1 feel stable 14. 1 feel relaxed

7. The dimensions of my wheelchair are adequate | 15. I feel comfortable
8. I can easily change positions in my wheelchair

Discomfort descriptors

16. 1 have pain 24. 1 feel physically tired

17. I need to move 25. 1 have to make an extra effort in order to maintain my position
18. The wheelchair's surface is too hard 26. I need to radically change position

19. The wheelchair limits my activities 27. 1 feel a burning sensation

20. 1 feel unstable 28. 1 lose my balance

21. I need a better seat or backrest support 29. 1 feel stiff

22. 1 am preoccupied by my seated position 30. I slide in my wheelchair

23. The wheelchair hinders my movements 31. I feel uncomfortable

Table 2. Wheelchair sitting comfort and discomfort descriptors
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There were 14 descriptors of comfort, 15 descriptors of discomfort and two overall ratings of
comfort and discomfort.

DISCUSSION

The descriptors generated by the participants of this study confirm the multidimensional nature of
sitting comfort and discomfort and constitute the first step in the development of the Wheelchair
Sitting Comfort/Discomfort (CD) outcomes measurement tool. These descriptors will be used with
a 5-point scale whereby the wheelchair user will rate the degree to which they are true or false.
Close scrutiny of Tables 1 and 2 reveal that both non-disabled workers and wheelchair users
associated feelings of well being with sitting comfort. Unlike the office worker group however, the
participants of this study did not identify the aesthetics of the chair as being an important factor of
wheelchair sitting comfort; they described their feelings of comfort rather in terms of their ability to
perform specific functional activities. For both groups, the discomfort descriptors were closely
related to biomechanical factors and fatigue. Unlike the office worker group though, the participants
identified particular wheelchair components and physical constraints as being related to sitting
discomfort. In conclusion, from both a clinical and a research perspective, the results confirm the
need to acquire a better understanding of wheelchair sitting comfort and discomfort and to test the
(CD) outcomes measurement tool with a wheelchair user population.
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ABSTRACT

This paper presents the preliminary results of a study on the satisfaction of elderly nursing home
residents who use a manual or powered wheelchair. The Quebec User Evaluation of Satisfaction
with assistive Technology (QUEST) was administrated to 32 subjects. The variables scored as being
the most satisfying were simplicity of use, effectiveness, professional services and safety with the
wheelchair. Subjects were the most dissatisfied with wheelchair adjustments, comfort, weight and
Jollow-up services. Differences in the satisfaction level between manual and powered wheelchair
users were found for three variables. The results provide a better understanding of the sources of
wheelchair satisfaction and dissatisfaction from the elderly person’s viewpoint.

BACKGROUND
Over 80% of elderly persons have difficulty walking or are unable to walk (1). In a nursing home
setting, many residents, although they are physically capable of walking, choose to use a wheelchair
because of pain, fear of falling and decreased strength, endurance, vision and balance (2).
Generally, wheelchairs are prescribed to optimise functional abilities and to provide a proper and
comfortable seated posture (3). In a survey on the seating problems of 139 elderly wheelchair users,
Shaw and Taylor (4) found that 80% of them had experienced at least one wheelchair problem and
34% considered this problem to be severe. They reported problems of discomfort, reduced mobility,
poor posture and safety risk. Mann and colleagues (1) revealed that the elderly experience a high
rate of problems related to maintenance, repair, fit of the wheelchair to the user and specific
characteristics of the wheelchair. The majority of elders living in institutions remain seated in
uncomfortable standard sling-seat folding chairs designed for short-range transportation and sized
for tall people (5). The overall purpose of the study was to examine the relationship between
functional independence of elderly nursing home residents and satisfaction with their wheelchair.
The specific objective of this paper is to present some of the preliminary satisfaction results and to
, disclose the differences in satisfaction found between the users of manual and powered wheelchairs.

RESEARCH QUESTION
How satisfied are elderly nursing home residents with their wheelchair?

METHOD
Sample

Thirty-two elderly persons (65 years of age and up) were recruited from three long-term care
facilities located in the Montreal area. The sample consisted of 23 women (72 %) and 9 men (28 %)
with a mean age of 78 years. The subjects were using a manual (n=21) or a powered wheelchair
(n=11) on a daily basis for at least three months.
Procedure

The Quebec User Evaluation of Satisfaction with assistive Technology (QUEST) was used to
evaluate the subjects’ satisfaction with their wheelchair (6). At the time of this study, QUEST
consisted of 20 satisfaction variables that represent those criteria considered to most likely influence
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user satisfaction. The subject was asked to rate the degree of satisfaction for each of these variables
using a 5-point scale, with 1 being «not satisfied at all» and 5 being «very satisfied». For variables
scored 3 or less, the evaluator inquired into the sources of dissatisfaction. An overall global
satisfaction score was also obtained.

RESULTS

The overall satisfaction scores showed that 56% (n=18) of the subjects were very satisfied with
their wheelchair, 25% (n=8) were quite satisfied, 16% (n=5) were more or less satisfied and 3%
(n=1) were not at all satisfied. Four variables were eliminated from the statistical analysis because
they were scored non-applicable by an important number of subjects: cost, service delivery,
transportation and device compatibility. Out of a total of 16 variables, the four most and the least
satisfying are shown in Table 1. The most satisfying variables were simplicity of use, professional
services, safety and effectiveness with the wheelchair. The least satisfying variables were the
wheelchair adjustments, comfort, follow-up services and weight.

Table 1. Criteria considered the most and least satisfjing for elderly wheelchair users (n=24)

[MOST SATISFYING T Mean & SD LEAST SATISEYING . Mean & SD .
Simplicity of use 4.69 +£0.59 Adjustments 3.78 + 1.31
Professional services 4.59 + 0.87 Comfort 3.94+1.27
Safety 4.56 + 0.88 Follow-up services 4.10+1.32

“Effectiveness 4.50+£1.02 Weight 4.18+0.98

Significant differences (p. <0.05) were found when the Mann-Whitney-U test was performed to
compare manual and powered wheelchair users (Table 2). The powered wheelchair subjects (n=11)
tended to be less satisfied with the durability, the multi-purposefulness and safety with their
wheelchair than did the subjects with manual wheelchairs.

Table 2. Satisfaction level differences between manual and powered wheelchair user

MANUAL WC (N=21) POWERED WC (N=11)

VARIABLES Mean rank n Mean rank . n 7 value ® 2-Tailed' P°
Durability 17.83 20 10.85 10 -2.2997 .0215
Multi-purposefulness 18.00 19 10.77 11 -2.5186 0118
Safety 18.74 21 12.23 11 -2.3636 .0181
* corrected for ties ¥ p<0.05

DISCUSSION

The preliminary results of this study showed that more than 80% of the subjects were overall
satisfied with their wheelchair. The principal sources of satisfaction were the simplicity of use, the
effectiveness and safety with their wheelchair as well as the professional services they received.
Almost all subjects thought their wheelchair was easy to use and were meeting their expectations.
When a wheelchair problem occurred, subjects reported that they appreciate the fact that they were
able to get the required services without going far and having to wait for an appointment. This
serviceable context probably had a positive influence on their perception of the wheelchair safety.
On the other hand, the principal sources of dissatisfaction were the wheelchair adjustments, the
person’s comfort, the weight of the wheelchair and the follow-up services. When asked to explain
their dissatisfaction, the subjects found that the footrests and armrests were often too low, too high,
too short or too long. They also complained that these components moved very easily after they had
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been fixed. When asked about their comfort, many of the subjects complained mostly about back
pain in addition to leg, neck and buttock pain.

When the sample was divided into two groups according to type of wheelchair, the results
revealed significant statistical differences in satisfaction between manual and powered wheelchair
users for three variables: durability, multi-purposefulness and safety. Subjects with a powered
wheelchair tended to experience frequent breakdown of their equipment. These durability problems
also had an impact on their perception of wheelchair safety. The subjects explained that they were
scared to use their powered wheelchair when they had to go outside the nursing home and cross a
street because they had already experienced battery failure and problems with their control box.
Dissatisfaction with the multi-purposefulness of the wheelchair was explained in terms of
accessibility problems. Subjects with a powered wheelchair reported having difficulty
accomplishing their activities of daily living because the wheelchair was too wide or too high to
allow access under the sink and consequently several of them were forced to also use a manual
wheelchair. Finally, subjects with a manual wheelchair seemed to be more satisfied with the multi-
purposefulness of their wheelchair because they were able to use it for multiple purposes and
different activities. In conclusion, the preliminary results of the study confirm the importance of
obtaining consumer satisfaction outcome data and provide a better understanding of the sources of
wheelchair satisfaction and dissatisfaction from the elderly person’s viewpoint.
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CARER REMOTE CONTROL FOR A CHILDREN'S MOBILITY AID

S.A. Hagan, R.D. Orpwood
Bath Institute of Medical Engineering Ltd.

ABSTRACT

As part of a continual process to improve it's products and as a result of feedback from
parents and carers, the Institute is developing a radio frequency remote control for it's powered
mobility aid for children. This paper describes the components used and the method adopted to
achieve reliable remote control for the carer whilst minimising any obvious physical
intervention when the child steers into a dangerous environment.

BACKGROUND

The Institute has developed electrically powered mobility aids, the Infant and Junior
Buggies (Figure 1), for children between the ages of 18 months and about 7 years who have
cerebral palsy’®. The devices have been very
successful, particularly in encouraging the
development of pre-school children. Whilst a
child is learning to use one of the devices it is
often necessary for the carer to intervene to get
the child out of a difficult situation. This entails
following the Buggy around and taking over the
child's joystick when the child becomes stuck
against an obstacle. The therapist or carer also
has to take over control if a potentially
dangerous situation arises when a more
experienced child is using the Buggy in a risky
situation such as driving on the pavement.

Figure 1 Infant & Junior Buggies

STATEMENT OF THE PROBLEM

A hand held remote control device, similar to a television remote control, is needed to
enable control of a Buggy from a distance. The device would enable a carer or parent to
supervise a child's learning process and to extricate them from difficult situations without having
to physically intervene with the child's joystick. The device would also enable the carer to
closely supervise a child using a Buggy in a more risky situation such as on a pavement, and
enable the carer to override any dangerous manoeuvres or stop the device immediately if a
dangerous situation arose.

If the remote control is to be effective its use must be very intuitive, i.e. it's method of
operation must be obvious. It must be easy to change into the "override mode" from normal use
and vice versa, and must not be susceptible to, or cause interference. In particular when the
device is being used to supervise risky situations any intervention must be immediate.

RATIONALE

It is possible to fit both sizes of Buggy with a hard-wired carer-operated remote control.
Although carers have found this addition to be invaluable, the fixed length of a cable connection
requires them to follow the Buggy very closely at all times. A 'wireless' version of this remote

control which retains all the necessary functionality, would be considerably easier to use as well
as further reducing the child's perception of being supervised.
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DESIGN
Concept Evaluation
A hard-wired carer-operated remote control was initially installed in a Junior Buggy which
is regularly used to assess a child's suitability for various control options such as joystick, hand-
: switch or head-switch. This consists of a
handheld box containing a switched joystick
and an illuminated latching button (Figure
2). The joystick is constrained to move in
four orthogonal directions and s
mechanically biased to return to a neutral
centre position. While the joystick of the
remote control is in a neutral position the
child's joystick operates normally and
controls the direction of motion of the
- Buggy. Any operation of the carer's joystick
immediately overrides the child's control of
the Buggy. In addition, the carer can disable

the child's joystick completely by operating
the latching button, which illuminates to
indicate this option has been selected. The carer-operated remote control is connected to the rear
panel of the Buggy by a detachable plug. Operating a switch on the rear panel of the Buggy can
also disable the remote control.

igure 2 Hard-wired carer remote contr

Feedback from carers and parents who tried the system indicated that this accessory was
extremely useful, especially when the child was initially coming to terms with their new-found
mobility. The main drawback to the system for the carer is having to follow relatively close
behind the Buggy while it is moving. Occasionally the connecting lead can be over-extended
resulting in wire failure despite using a flexible coiled lead.

Prototype Design

The design of an improved carer-operated remote control required a 'wireless' link to the
drive electronics of the Buggy. Two methods were considered, infrared and radio frequency
(RF) telemetry. An infrared method was discounted because of it's inherent directionality and
greatly reduced range when used outside in bright, sunlit conditions. The RF option was
preferred due to the wide availability of cost effective, pre-built and aligned RF modules, which
are relatively simple to interface to digital systems. The modules chosen were FM telemetry
modules operating at 418MHz, which is a licence exempt frequency in the U.K. for telemetry
and tele-command. The transmitter module would be incorporated into a comfortable handheld
controller for the carer while the receiver would be incorporated as an add-on module to the
standard Buggy drive electronics.

The Institute's most recent Buggies contain custom drive electronics incorporating a
microcontroller. This opened the possibility of serial communication between the telemetry -
receiver module and the drive electronics for remote control. It was decided, however, to design
the recetver unit so that it could be inserted in the control lines of the Buggies' existing joystick
and act as a 'steering ﬁlter. This would allow it to be retrofitted to older Buggies, which do not
incorporate a microcontroller.

The transmitter and receiver units both use Microchip PIC16C84 microcontrollers and
Holtek HT12-D and HT12-E pulse position modulation encoder ICs. These devices ensure

o . RESNA 99 e June 25 - 29, 1999 225

234




reliable communication between the transmitter and receiver units even in the presence of
spurious external transmissions at the receiver frequency.

To enable the child's joystick and allow the child to take control, the carer must hold down a
trigger on the remote control unit. This causes the remote control to transmit bursts of data every
500ms. The receiver interprets this data as a 'keep alive' signal and permits user control. If, for
example, the carer was distracted and the Buggy were to drive beyond the relatively short range
of the transmitter unit, the receiver unit would 'time out' and the child's joystick would be
disabled, thus immediately halting the Buggy. If the carer deliberately releases the trigger, the
remote control will transmit a continuous ten-second data stream which will also stop the Buggy
immediately. At any time, operation of a small joystick on the top of the remote control will also
allow the carer to override the child's joystick and steer the child away from any hazardous
situation.

DEVELOPMENT

A prototype has been built and tested to assess the reliability of RF remote control. The
transmitter and receiver units constructed only permitted remote steering and didn't provide the
facility to override the child's joystick. These tests proved the feasibility of the system and
shdwegi that acceptable range and reliability were possible even in the presence of any
interference from the switching PWM motor drive of the Buggy. The full system, including
building the transmitter unit into an ergonomic, handheld unit is currently under way.

EVALUATION

Evaluation of this system is very much a continuous part of the overall design process. A
remotely controlled Buggy was tested by paediatric therapists to ensure that the control concept
was intuitive. The whole system will undergo extensive trials before being placed on the market.
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The enhancement of mobility for individuals who are both physically and visually disabled
Donna L. Kelly: Somerset ARC 151 South Main St. Manville N.J. 08835 (908-725-2266)
Abstract:

This study assessed the effectiveness of an electronic travel aid, the Nurion Wheelchair
Pathfinder to determine whether it improves wheelchair mobility by: 1) decreasing the number of
obstacles a person may bump into, 2) decreasing the amount of time to maneuver, 3) waming the
person of oncoming drop-offs, such as curbs, and 4) assisting the person with directional
orientation. The Nurion Wheelchair Pathfinder uses ultrasonic and laser technology to predict
oncoming obstacles or drop-offs in the environment for individuals with both physical and visual
disabilities. This study indicates that the device improved the mobility of persons with visual
impairments who use wheelchairs within a familiar environment.

Background:

As new technology develops, occupational and physical therapists, are evaluating and
prescribing more sophisticated devices to assist individuals with both physical and visual
disabilities. Electronic travel aids, (ETA’s) are ultrasonic or laser devices which were originally
developed to assist individuals with visual disabilities for orientation and mobility (1). Nurion
Industries developed an ETA that has both laser and ultrasonic technological capabilities, known as
the “Nurion Wheelchair Pathfinder INWP)(2). The NWP mounts onto a wheelchair and uses either
beeps or vibrations to warn the individual of obstacles or drop-offs in their path. Cook & Hussey
(1), state that certain consumers who are physically and visually impaired would be totally
dependent for mobility without the use of this system. According to the Elwyn Experience (3), two
women gained greater independent and safety around the campus with this new technology. There
are two studies to date which assess the effectiveness of the previously developed ETA, the “Step
Forward Sensing Device”, Kuyk (4), and Farmer (5). This researcher was unable to find follow-up
discussion or research related to their findings which addressed a few problems with the unit.
According to Smith (6) who has recently worked with individuals using the unit, the NWP has
improved individuals® mobility, but with restrictions depending upon the environment.

This study examined the effectiveness of the NWP to improve the orientation, safety, and
mobility of a number of individuals with both physical and visual disabilities. It is the researchers
intent that this information could assist professionals in the appropriate selection of mobility aids.
In addition the study could support the justification of payment by third party payers and could
prevent underuse and abandonment of assistive technology equipment.

Materials and Methods

Participants were four individual’s who were both physically and visually disabled. They
included three individuals who used a manual or power wheelchair and who had significant visual
impairments, causing them to bump into many objects throughout their environment, and one
individual who was blind.

Each participant was trained individually, and took varying amounts of time to be
successful. A mobility instructor from the Commission from the Blind assisted in the training of the
first participant who was totally blind. The NWP has different pitched beeps for sensing
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objects to the right and left sides, an intermittent beep at another pitch for the forward sensor, and a
low pitched beep for drop-off sensor. The training took approximately 2 months, one to two times
per week depending upon the availability of each participant. Data was collected on the number of
correct times they verbally labeled the beep to the corresponding sensor. The participants needed to
recognize and distinguish between the four different beeps 90% of the time before the actual testing
began.

A single subject A B A B design was used to collect data on four individuals maneuvering
through varying obstacle courses with and without using the Wheelchair Pathfinder. Numerical data
was collected and graphed on the following variables: 1) number of bumps into objects, ~ 2)
amount of time it took to go through the obstacle course, 3) number of times the participant needed
to be reoriented, and 4) number of responses to the drop-off sensors.

Results:

The resulting data indicated that the number of times the participants bumped into obstacles
was reduced significantly with the Nurion Wheelchair Pathfinder. Table 1 summarizes the mean
difference and the significance between using and not using the NWP for all the participants at the
0.05% level. It took all the participants longer to navigate with the device to go around obstacles
rather then bump into them, but only by an average of one minute and less with participant 4. The
drop-off sensor was consistent for a steep angle drop-off, but not for a gradual sloping drop-off.
There were no significant differences in reorientation.

Discussion:

This study indicated that the Nurion Wheelchair Pathfinder improved the mobility of the
participants who are visually and physically disabled within a familiar environment, but was
inconsistent for drop-off use. Further research is needed to evaluate this device in various
environments.

Other observations were that the NWP seemed to assist individuals’ with cerebral palsy
from the visual and motor neglect experienced on one side. Further studies are needed to assess the
therapeutic value of the device for wheelchair users who have visual and physical difficulties caused
by unilateral neglect, or hemiperesis. The NWP may also assist therapist in wheelchair mobility
training for individuals with visual disabilities by giving extra auditory feedback to cue individuals to
scan their environment better. '
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Figure 1 _ Nurion Wheelchair Pathfinder

Forward Detection

Drop-ofts Detection

Mean scores and significance
Table 1
Number of Obstacle Course Hits : 2-tailed t-score to significance of 0.05

Mean Mean Mean 2-tail
with NWP  without NWP difference Significance
Participant 1 25.1 40.5 154 .000
Participant 2 4.9 99 5 003
Participant 3 3.4 7.7 43 .002
Participant4 .5 1.5 ] 11
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COMPARISON OF BODY-SEAT INTERFACE PRESSURES WITH DIFFERENT
WHEELCHAIR BACKS AND SEATS
Donna J. Blake', Patrice M. Kennedy', Cindy E. Poorman’, John P. H. Steele?, Ronald A. L. Rorrer®
'Denver Veterans Affairs Medical Center, Denver, Colorado 80220
Colorado School of Mines
3University of Colorado at Denver

ABSTRACT :

Clinical work in wheelchair seating has lead to the observation that it was possible to affect
dramatic changes in seat pressure distribution solely based upon selection of seat back. Three seat
backs and two seat cushions were used in this study to systematically investigate their effect on
body-seat interface pressure. The system tilt angle was varied while holding seat to body angle
constant at approximately 102° and the seat to body angle was varied while holding system tilt angle
constant at approximately 5°. The results showed that significant differences could be obtained
between the various combinations tested. However, the ranking of the combinations was not
consistent between subjects.

BACKGROUND :

It is widely believed that wheelchairs and seating systems impact upon the risk of secondary
conditions such as pressure-sore development (1-2). Normal forces at the body-seat interface are
strongly believed to be the primary causative factor in pressure-sore development. Studies
demonstrate that changes in posture affect pressure at the body-seat interface (2-4). In these
studies, different methods were used to change posture including changes in the system tilt angle, the
seat to back angle, forward flexion of the truck away from the seat back, lateral bend of the trunk,
and change in foot-rest height. Shields and Cook (5) changed posture with a lumbar support and
saw significant decrease in pressure at the body-seat interface. In general, review of the literature
reveals a paucity of information on the impact of seating-system backs on interface pressures.

At the same time, different seat cushions/surfaces have been used in these studies of posture
and normal forces at the body-seat interface. Jay, Roho, polyurethane foam, flat foam and contoured
foam cushions as well as hard surfaces without a cushion have been compared and contrasted in
various combinations. Koo et al. (4) found that sitting postures do significantly affect ischial
pressure, but that the Roho cushion was significantly more efficient in compensating the adverse
effects of sitting posture on interface pressure as compared to a polyurethane foam cushion. Gilsdorf
et al. (6) found that elevation of the foot rests increased the ischial tuberosity pressure with a hard
surface and the Jay cushion while there was only a small pressure change with the Roho. These
studies demonstrate that cushion selection can temper expected effects of posture changes on body-
seat interface pressures.

RESEARCH QUESTIONS A

The hypotheses of this study are: (a) the body-seat interface pressures will change as system
tilt angle and seat to body angles change; (b) given the same seat cushion, the body-seat interface
pressures will be different with different wheelchair backs; (c) given the same wheelchair back, the
body-seat interface pressures will be different with different cushions.

METHOD
Four able bodied subjects, two female and two male, participated in the study. Each was
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dressed in cotton hospital scrubs. Each subject met inclusion criteria of specified measurements of
seat width, seat depth, and lumbar spine flexibility.

A combination of three seat back cushions and two seat bottom cushions was used. Subjects
were sequenced through a range of angular positions for both system tilt angle (STA) and seat to
body (STB) angle in five degree increments (5 to 45° tilt (STA), and 100 to 160° recline (STB)).
The seat back cushions were: 2.54 cm foam, Jay Contour, and Roho Adjust-A-Back. The seat
bottom cushions were Jay 2 and high profile single valve Roho.  The inflation of the Roho seat
cushion was adjusted for each subject using the pressure measurement instrument. The Roho
cushion was inflated for optimal pressure distribution as gauged by the simultaneous pressure
mapping with the chair and back in the extreme upright position (5° tilt and 100° recline).

The subjects were positioned in the wheelchair so that the arm rests and headrest placed the
shoulders and head in neutral positions. The foot rests were positioned to maximize pressure
distribution over the thighs and buttocks with the chair and back in the upright position. The seat
backs were positioned with the lower edge of the seat back at 2 centimeters below the posterior
superior iliac spines.

RESULTS
Normal pressure measurements were made using a Xsensor pad and data acquisition unit. For

each wheelchair position (or matrix of pressure pad readings), three summary values were collected:

(1) total pressure in kPa, (2) the maximum pressure reading of any cell on the pad, and (3) the mean

pressure, or average pressure of all non-zero reading pressure cells. These readings were normalized

by dividing them by

the subject’s body

weight. o3
Surprisingly,

the normal pressure 025

was independent of

tilt angle as shown

in Figure 1.

However, normal

pressure was a g 15 1
2
§

function of recline e
angle as shown in 0.1 —8- Jay Contour/J2 Seat -
Figure 2. While the —& Roho Back 12 Seat
relative ranking of a , 3¢~ Foam Back/Roho Seat
seat cushion/seat .08 —%-Jay Contour Back/Roho Seat [ |
back combination ~O~ Roho Back/Roho Sext
are generally ° - -
. ] 5 10 15 2 3 30 3% 40 45 ]
consistent for a Tikt Angle [Degrees}
given subject, the Figure 1. Maximum Pressure Dependence an Tilt Angle for Male Subject
ranking of a given :

combination does
not hold between subjects. Another observation that can be made, not shown in the figures, is that
variations between cushion/ seat combinations of 25 to 50% in mean pressure, become variations of
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50 to 100% in

peak pressure. 03

DISCUSSION
For some
subjects there were

cushion-back
combinations that

:
i
consistently 5
?

produced lower
interface pressures.
Yet, inconsistent
rankmgs of 008 1 -~ ay Conow BackRoho Seat

pressure —8— Roho Back/Roho Seat
measurements of
cushion/back 100 110 120 130 140 180 160 170
combinations Redine Angle [Degrees]

between subjects
suggests that no
one cushion/back
combinations was the best for decreasing interface pressures. The overall decrease of normal
pressure with increasing body to seat angle is expected and when scaled by body weight agrees
quantitatively with Gilsdorf et al. (5). The lack of dependence of normal pressure on system tilt angle
was unexpected. This result was consistent among all subjects and thus does not seem to be
anomalous.

~- Jay Conour/J2 Seat
—&— Roho Back J2 Seat
=3¢ Foam Back/Roho Seat

Figure 2. Maximum Pressure Dependence on Recline Angle for Female Subject
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MEDIUM DURATION SEATING FOR THE AMBULATORY ELDERLY:
*CAUSE SITTIN’ AROUND SHOULDN'T BE A PAIN.

Julius T. Corkran, Industrial Designer
Alan J. Harp, Industrial Designer
_ Center for Rehabilitation Technology
Georgia Institute of Technology
Atlanta, Georgia

ABSTRACT

Furniture used in long term care facilities does not adequately address the needs of the
ambulatory elderly. Poor ergonomics, unstable foundations, and weak structural members cause
accidents. A wooden medium duration chair has been developed to address needs of these users.
Features of the Autumn Chair allow for easier ingress and egress to the chair. A large footprint to
the legs prevents tipping. The furniture is designed to tolerate high levels of physmal abuse,
whether in a long term care facility or in residential use.

BACKGROUND

A component of the Center’s mission is to develop products that aid and assist in the
activities of people with various levels of physical disability. The Center’s Director has specialized
in gerontological issues for over twenty years. Experience in this field has demonstrated that
seating surfaces in care facilities do not address the needs of the ambulatory elderly. An
opportunity arose that allowed the speculative development of a wooden chair that would address
these seating issues.

STATEMENT OF PROBLEM

The ambulatory elderly have widely ranging levels of mobility, strength, and stability.
Elderly users are generally smaller in stature (Pheasant, 1996) and have reduced leg strength. There
is a tendency to use tables and chairs as support and balance structures when moving through a
room. If the furniture has inadequate stability, it can tip causing falls and serious bodily harm.

Ingress and egress from chairs can be quite difficult, as many people use their arms to
compensate for reduced leg strength. If the pushing force of the arms is not directed downward, the
chair can slide away from the user as they stand. Armrests on medium to long duration seating can
cause radial nerve pinch points at the elbow, resulting in numbness of the arm. Similarly, if the seat
height is too great, numbness will occur in the lower legs.

For persons with hemiplegia, it is critical that a chair has the necessary structure to allow
users to lift themselves with one hand out of the chair. - This requires that the chair have ample
strength and rigidity to absorb one-sided forces on a routine basis, with minimal flexion and without
tipping over.

A thorough search for products to accommodate these needs was performed, with no
satisfactory results. Several chairs were found that addressed certain stability or height issues.
However, none were able to address all the ergonomic problems to create a complete solution.
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APPROACH

One of the main requirements of a chair is stability. The legs of the wooden Autumn Chair
create a large footprint on the floor (23” wide x 26” front to back). With a 16” deep seating surface
centered front to back on the 26” footprint, the chair will not easily tip over (Figure 1). The front
edge of the seat is 16" above the floor, 1 to 2" lower than typical seating (Koncelik, 1996). This
allows users of smaller stature to sit comfortably in the chair with their feet flat on the floor,
preventing pinched nerves on the back of the knees. The seat is reclined at an angle of 7 degrees,
and deeply contoured for load distribution on the seat pan. The slatted seat back has an integral
lumbar support (Lueder, 1994) and is made from 1" thick wood for strength. The chair is designed
without a seat cushion, so that it can be easily sanitized in environments with multiple users

The armrests extend 4" beyond the leading edge of the seat, which performs several
functions (Figure 2). People with dementia utilize the extended armrests to provide hand holds and
guide themselves into the chair, reducing falls and injury. To help in egress, the armrests have
contoured ends to provide grasping points when using the arms to help lift the body into a standing
position. The extended armrests help to keep the center of gravity of the person aligned over the
hands and feet, providing increased balance (Figure 3). Additionally, the armrests dip down in back
to relieve radial nerve pressure at the elbow (Koncelik, 1996).

Figure 1. Figure 2.

EVALUATION

Testing on the Autumn chair has been performed in-house utilizing a wide ranging sampling
of users. The 20 users encompassed male and female, age range from 30-58 years. The smallest
tester was a early 40’s, 40" % female and the largest was a late 50’s, 97" % male. The chair design
was decidedly the most comfortable for the smaller users in the study as predicted by the research of
the intended user population. The taller users found the most comfort by projecting the feet forward
to allow more body weight to be carried by the legs. Based on user comment, the lumbar support in
the slats was reduced in size. The armrest end angle was changed to better accommodate the user’s
grip with entering and exiting the chair. As expected, several users indicated that a cushion would
be a nice option for the chair. Due to sanitation concerns, a cushion would have to be provided by

the end user.
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DISCUSSION

Future long term testing will be undertaken after a short manufacturing run is completed.
The chairs were designed for production by computer controlled woodworking machinery, allowing
for on-the-fly changes as the design evolves. The initial prototype was constructed of pine for cost
concerns. Two additional prototypes have been hand-made of oak to judge opinion on material
selection. Additional woods will be investigated once production begins.
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AESTHETIC EVALUATION OF A FORCE SENSOR
BY POWER WHEELCHAIR USERS

Daniel K. Jones,' Rory A. Cooper,? and Steven Albright®

'Industrial and Engineering Technology, Central Michigan University,
Mt. Pleasant, Michigan, U.S.A.
?Human Engineering Research Laboratories, University of Pittsburgh and
VA Pittsburgh Healthcare System, Pittsburgh, Pennsylvania, U.S.A.
3California State University, Sacramento, CA.

ABSTRACT

Ten subjects participated in a clinical study on the use of a force sensor (FS) for driving a
power wheelchair (PWC). Subjects compared the FS to their usual access device, a position-
sensing joystick (PS). After finishing the study, each subject completed a questionnaire to assess
their impressions on the aesthetic value of the FS. This paper describes the study and presents a
brief overview of the responses to the questionnaire.

Despite its novelty, most subjects preferred the FS over their usual access device. Subjects
also identified deficiencies and recommended improvements. Results warrant further investigation
of force sensing technology for PWC control.

BACKGROUND

For many individuals, the ability to control a PWC independently has a tremendous impact on
quality of life. A wide range of devices are available to enable many people to drive PWCs
independently.! Unfortunately, many people with severe physical impairments still find it difficult
or impossible to use existinsg devices. Previous investigators have studied manual transduction by
people with disabilities,>** but little work has been done on the use of FSs for PWC control.®

RATIONALE

This study aims to provide a proportional control alternative that requires virtually no range of
motion by the user. An isometric FS is fundamentally different than existing devices which are
primarily position sensors. A FS may help to harness the unique abilities of certain individuals.
Someone with a high level spinal cord injury may use a FS for chin control. An individual with
cerebral palsy, with strong spasms that will break conventional joysticks, may be able to use of FS
for PWC control. We believe that this technology may also address the needs of individuals with
multiple sclerosis, muscular dystrophy, tremors, and other conditions.

A digital force-sensor has been designed to interface via a microprocessor to a Quickie P300.
This prototype device served as a clinical tool used to investigate force-sensing technology for
PWC control. The objective was to allow PWC users to evaluate the FS after driving the Quickie
P300 using both the FS and a PS. Because these individuals have many years of PWC experience,
their opinions about the force sensor are quite valuable.

METHODS

Each subject used a PWC as their primary means of mobility, and each used a conventional,
position-sensing joystick to control their PWC. Subjects were from 32 to 63 years old (average 47,
SD 10 years), and their PWC experience ranged from 4 to 20 years (average 10, SD 6 years).
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Seven subjects had spinal cord injury/dysfunction (level C4-6), two had multiple sclerosis, and one
had strokes. _

Each subject completed clinical trials that consisted of computerized tracking and actual
driving, using both the FS and the PS. Both devices had similar enclosures so that both appeared
the same. Also, both devices had the same handle, a rigid knob that was approximately 2 cm in
diameter. Each subject used both devices with either their left or right hand, according to their
preference. Before each test, a device was assigned randomly. The total time to complete the
study was approximately four hours, and subjects actually spent about 45 minutes using each
Sensor.

EVALUATION
After finishing the study, each subject was asked to complete a questionnaire that included the
following:
1) Rate each device, on a scale of 1 (poor) to 5 (excellent), in terms of ease of use,
maneuverability, chair control, acceleration, and comfort.
2) Evaluate your physical and psychological experience in terms of fatigue, soreness,
frustration, and lack of control.
3) Which device would you prefer for driving a PWC?
4) Suggest improvements to the force sensor.

RESULTS
All but one subject completed computerized tracking, and all ten completed the driving
protocol. Table 1 lists the group averages of the responses to question 1) for the FS and the PS.

Table 1. Group Averages of Subject Rating for Force Sensor and Position Sensor
Category FS(SD)| PS(SD)
Ease of use 4.7 (0.5 3.9(1.2)
Maneuverability 44(0.7)] 3.8(1.2
Chair control 45 (.1} 3.90.0)
Acceleration 4.7(0.7)] 4.0(0.8)
Comfort 45(0.7) 4.1(1.1)
Overall 4.6 (0.7)| 3.9(1.0)

For all general impressions, the average score for the FS exceeded that of the PS. Two-tailed,
paired t-tests of the two groups provided a statistical comparison of the significance of the
differences (p<0.05). As a group, subjects rated the FS significantly better in terms of ease of use
and acceleration. The other categories showed no significant difference. Eight subjects preferred
the FS over the PS, and one subject had no preference. Only one subject preferred the PS,
primarily because he was more familiar with his joystick.

Subjects provided valuable suggestions for improving the FS. Four subjects recommended
changes to the sensitivity of the FS, including different sensitivities in the forward/backward and
left/right directions. Three subjects recommended changing the shape of the handle.

Subjects had very limited responses to question (2), indicating that such a vague question
provided limited feedback. Several subjects noted frustration while driving backward, perhaps
attributed to the protocol and not the access device; all subjects had limited trunk and neck
mobility. _
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DISCUSSION

Response of the questionnaires generally indicated that the FS was more aesthetically pleasing
than the conventional joystick. The positive evaluation about the FS occurred despite the fact that
all subjects used PS devices for daily PWC control. Within a short period of time, subjects
evaluated the FS above their conventional access device.

Three of the subjects wanted more adjustability in the position of the FS. Although this FS
provided substantial adjustment, future designs should include a wider range of securement
positions. Several subjects expressed discomfort with the rectangular seating system of the
Quickie P300; future studies should provide tilt and recline features. Seating issues become
increasingly important with more severe impairments.

Software adjustments will accommodate the desire of subjects to change the sensitivity. In
particular, changes in the control program will decrease the sensitivity independently in the
forward/backward and left/right directions. Use of cruise-control features, implemented via
software, will help to reduce subject fatigue.

A modular handle design will allow handle shape to be changed mechanically.

CONCLUSION

The ultimate goal is to provide an alternative access device for individuals who find it difficult
or impossible to control a PWC with conventional devices. The subjects who participated in this
study were regular PWC users; hand use of conventional PS's is at least sufficient. Their positive
evaluation of the FS indicates that it may also help people who have more restricted capabilities.
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FRONTAL IMPACT FORCES ASSOCIATED WITH POWERED WHEELCHAIRS
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ABSTRACT

Persons in powered wheelchairs may engage in active lifestyles where wheelchair contact with
the surroundings is inevitable. Force-time data were measured for 26 frontal collisions involving a
wheelchair with a simulated occupant having a combined weight between 165 and 315 Ibs. The
wheelchair was rolled down a ramp into an instrumented crash barrier at velocities between 5.53
and 10.20 ft./sec. (nominally 4-7 mph). Peak forces varied between 207 and 470 lIbs. These data
could be used to design energy absorbing systems to protect the occupant, wheelchair components
and the surroundings.

BACKGROUND

Persons in powered wheelchairs are adopting more active life styles that increasingly include
recreation and leisure activities.- Children and young adults may utilize their wheelchairs in sports,
such as football and soccer, where wheelchair contact is inevitable. A powered wheelchair has a
maximum speed of about 7 mph (10.27 ft./sec). When a wheelchair traveling at this speed impacts
either a stationary object or another wheelchair, large forces occur over a short time interval and a
considerable amount of kinetic energy must be dissipated. Damage to the footrests can occur and
occasionally the occupant’s feet may also be injured. Powered wheelchairs can also cause
significant damage to physical surroundings, such as doors and walls. Footboxes can provide
protection for the occupant’s feet, but may actually increase the potential for damage and injury in a
collision with another wheelchair not similarly equipped. Unprotected, rigid footboxes may also
increase the level of damage to the surroundings.

The ANSI/RESNA footrest impact load test (1) specifies that the footrests must survive a 3.28
ft./sec. (1.0 m/s) impact at a 45° angle. Velocities far in excess of this value are routinely
encountered in sports events. While energy absorbing suspension components are currently

. available, there have been few attempts to incorporate energy absorbing systems or bumpers on
wheelchairs. We are aware of prototype footrest suspension systems that have incorporated shock
absorbers and/or energy dissipating materials. The performance of these prototypes has been
marginal, since they were not designed using actual collision data. The lack of information on the
dynamics of impact is a significant impediment to the design of such systems.

RESEARCH QUESTION

There is a need to develop force-time data for the frontal impact of powered wheelchairs to
support the design of energy absorbing systems for wheelchairs that can protect the footrests, the
occupant and the surroundings.

METHOD

A 165 Ib. powered wheelchair was rolled down a ramp, across a level floor and into an
instrumented impact barrier. Sandbags were added to the wheelchair in 50 Ib. increments to
simulate the weight of the occupant. Adjusting the starting position on the ramp allowed the impact
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velocity to be varied. Two photoelectric sensors placed in front of the barrier measured the velocity
to within +/- 0.01 ft/sec. The impact barrier was constructed using steel beams and instrumented
with strain gauges. The barrier was calibrated in a testing machine and demonstrated a linear force-
voltage relationship (r*=0.99) within the range of 0-500 lbs. The force-time relationship is affected
by the stiffness of the system with which the wheelchair collides. A 0.5-inch thick piece of
pressboard was placed between the barrier and a brick wall to simulate the object being impacted.
Data were collected at 1000 Hz using a PC and exported to a spreadsheet. Force-time data were
recorded in 26 experiments for a 165-315 1b. wheelchair system impacting the barrier at velocities
between 5.53 and 10.20 ft./sec. A storage oscilloscope was used to collect more refined force data
in a limited number of additional tests.

RESULTS

Figure 1 shows a typical force-time
response recorded by the PC. The step-
like response is due to a software
limitation that caused the force to be
recorded in threshold increments of
63.8 lbs. Data recorded from
experiments  using the  storage
oscilloscope showed a rapid linear
loading curve followed by a more
gradual unloading curve that could be
approximated by straight line segments.
A continuous force-time curve was
created from the step data using straight
line segments (Figure 1). According to
Newton’s laws, the linear impulse is Time (ms)
equal to the change in linear

Force (Ibs)

© Vv o m o~ © o~
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momentum . The linear impulse is Figure 1. Force-t?me impact data for an unloaded 165 Ib.
ho (ﬁ) he fi X P lot wheelchair traveling at 5.82 ft/sec. Straight lines were used to
the arca under the force-ime plot, connect the discrete steps. The linear impulse is equalto the
while the change in linear momentum shaded area.

is mass of the wheelchair system times

the initial velocity. The linear impulse calculated from the force-time curve was compared to value
predicted from the change in linear momentum. The average error for the 26 frontal impacts was
11.6%. Some damage to the wheelchair was noted in the 7 mph collisions. Peak forces estimated
from the modified curves varied between 207 and 470 lbs. Collision times varied between 0.280
and 0.594 seconds. Within the range of parameters tested, the peak force increased with increasing
velocity and occupant weight (Figure 2).

DISCUSSION
The advent of more active lifestyles, particularly among teenagers and young adults, has increased
the possibility of collisions between powered wheelchairs and other objects. The footrests are
usually suspended in a cantilever manner from the chair frame and thus are particularly vulnerable
to collision damage. ’

For the unoccupied wheelchair, a 4mph (5.87 ft./sec.) collision generated a peak force of
approximately 200 lbs. and it was necessary to stiffen the footrests to avoid permanent deformation.
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A wheelchair occupied by a 150

Ib. person and traveling at 4 mph 500 —— e
would generate a peak force of 450 Ay
approximately 350 Ibs. (Figure 400 . o
2).  Further stiffening of the 5 350 ': = .
footrests was necessary to = 200 %
'3 ] i

conduct tests at 6 and 7 mph 8 .
(8.80 and 10.27 fi./sec.). Atthese & 250 ' %
velocities, the stiffness of the test ~ § 200
system clearly exceeded the o 150 : " o Unloaded - 165 Ibs.

i 1 d
stiffness of th'e commonly use 100 o Loaded - 315 Ibs.
footrest mounting systems. 50

The weight of the occupant 0
was simulated by attaching 0 2 4 6 8 10 12

sandbags to the seat and back of
the wheelchair. This placed the

center of mass attributed to the
occupant lower and slightly
rearward of its actual location. Modeling the mass of the occupant could be improved by using an
ANSI/RESNA test dummy (3). The most significant limitation of the study involved the lack
sensitivity in measuring the impact force. Our software/hardware system was capable of sampling
at a high frequency (1000 Hz), but was only able to resolve the impact force into steps of 63.8 Ibs.
Thus, it was necessary to develop continuous force-time curves from discrete experimental data.
The accuracy of this method was established by conducting an impulse momentum analysis of each
test and by using a storage oscilloscope to obtain continuous time data from additional tests.

Past studies of impact loading on wheelchair components have focussed on using accelerometers
or strain gages mounted on the wheelchair (4). However, in the case of frontal impact it appears to
be more efficient to instrument the impact barrier rather than the chair. This study represents a first
step toward quantifying the design requirements for energy absorbing systems for powered
wheelchairs that would protect the occupant, the wheelchair components and the surroundings.
Real collisions are likely to contain both frontal and lateral components. Further studies involving
lateral impacts should be performed.

Velocity, ft/sec

Figure 2. Peak force as a function of velocity.
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ANALYSIS OF WHOLE-BODY VIBRATION DURING MANUAL WHEELCHAIR
PROPULSION USING ISO STANDARD 2631

Carmen P. DiGiovine., Rory A. Cooper
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ABSTRACT

The emphasis of manual wheelchair testing has primarily been related to structural testing of
the wheelchair rather than examining the amount of vibration an individual experiences during
manual wheelchair propulsion. The purpose of this paper is to compare the whole-body
vibrations associated with manual wheelchair propulsion to the ISO standard 2631/1. Wheelchair
seat vibration data was recorded as 10 individuals with SCI traversed 8§ obstacles. The intensity
for over a quarter of the frequencies, including the resonant frequencies of humans (4 to 8 Hz),
are above the fatigue-decreased proficiency boundary for 25 minutes of exposure. Therefore,
adaptations need to be implemented to the wheelchair system in order to reduce the amount of
whole-body vibration an individual experiences thereby reducing the individuals susceptibility to
a secondary injury.

INTRODUCTION

The emphasis of manual wheelchair testing has primarily been related to structural testing of
the wheelchair, and it’s components using ANSI/RESNA standards. Until recently, quantitative
data has not been collected in regards to the development of standards to address dynamic
response issues of individuals who use manual wheelchairs. Furthermore, the only standards
which are available for determining the intensity of vibration which causes discomfort is based
on research collected using individuals without a spinal cord injury (SCI) [1]. The standards
which are recommended for individuals without SCI are constantly being questioned and revised
[2]. The standards presented by the International Organization for Standardization for whole-
body vibration in ISO 2631/1 may or may not be appropriate for comparison to individuals with
SCI [3]. Therefore, the vibrations an individual with SCI experiences while propelling a manual
wheelchair over obstacles during activities of daily living need to be examined for two reasons.
One is to determine if the vibrations an individual experiences exceed the fatigue-decreased
proficiency boundary defined in ISO 2631/1. The second is to investigate if the ISO standards,
which are based on data collected from individuals without SCI, apply to individuals with SCI. If
not, are there other parameters and/ or standards which need to be developed in order to protect
individuals with SCI from secondary injuries associated with vibrations. The purpose of this

paper is to compare the whole-body vibrations associated with manual wheelchair propulsion to
the ISO standard 2631/1.

METHODS

A triaxial accelerometer (Analog Devices ADXLO0S, +4g) was mounted on the seat of the
wheelchair to measure vibration induced by the simulated activities of daily living obstacles in
three orthogonal directions. The acceleration signals were sampled at 200 Hz via a battery

powered custom-designed data acquisition system based on a Motorola microcontroller
(MC68HC11A1) with 8-bit A/D converter [4].
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A total of 10 individuals with SCI who used a manual wheelchair as their main mode of
mobility propelled an instrumented wheelchair to negotiate 8 obstacles at least three times. Two
subjects performed four trials and one performed five trials, producing a total of 34 trials. The
subject used his or her own cushion for all trials. Either a Quickie II wheelchair or a Kuschal
Champion 1000 wheelchair was instrumented. The eight obstacles consisted of square tiles used
to make dimple strip guidance markers for the visually impaired, a piece of light-industrial
carpet, a simulated door threshold, a ramp, a curb drop, rumble strips and finally, three sinusoidal
bumps of varying height. The instant the front casters contacted an obstacle and the rear wheels
cleared the obstacle were recorded.

The Root Mean Square of the wheelchair vibration signal in the vertical (z) direction was
calculated based on the ISO 2631/1 for the wheelchair traversing all the obstacles [3]. A sample
trial of the vertical acceleration is shown in Figure 1. The results for each trial were averaged
across the 34 trials to show the average intensity of the vibrations experienced by the wheelchair
users at the frequencies described by ISO 2631/1.
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Figure 1. Vertical acceleration for a single trial across the eight obstacles.
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Figure 2: Vertical whole-body vibration mean and standard deviation (o) for 34 trials with

fatigue-decreased proficiency boundary. The boundaries from top to bottom are 1 min, 16 min,

25 min, 1 hr, 2.5 hr, 4 hr, 8 hr, 16 hr, and 24 hr.

RESULTS

The mean and standard deviations of the RMS values of the wheelchair vibrations induced by
the simulated activities of daily living course are shown in Figure 2. Also, the fatigue-decreased
proficiency boundary, as described in ISO 2631/1, is superimposed on Figure 2. The mean
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intensity values exceed the fatigue-decreased proficiency boundary for 25 min from 3.15 Hz to
10 Hz, and exceed the boundary for 1 hour at 2.5 Hz and again from 12.5 Hz to 25 Hz. The mean
and standard deviation of the length of a trial was 26.7 £ 5s.

DISCUSSION

In this paper, the vibrations experienced by individuals with SCI who use a manual
wheelchair on a daily basis, were quantitatively analyzed by measuring the accelerations of the
wheelchair seat. The intensity of the vibration at different frequencies was calculated based on
ISO 2631/1 and then compared to the fatigue-decreased proficiency boundaries. The intensity for
over a quarter of the frequencies, including those associated with the most sensitive frequencies
for humans (4 to 8 Hz) [3], are above the boundary for 25 minutes of exposure. If the data
collected were assumed to be representative of a half-hour excursion (e.g. to a store) the
individual would definitely experience reduced comfort as described in ISO 2631/1. They would
also typically experience fatigue which can be “regarded as carrying a significant risk of
impaired working efficiency” [3]. Therefore, adaptations need to be implemented to the
wheelchair system in order to reduce the amount of whole-body vibration an individual
experiences and reduce the individuals susceptibility to a secondary injury. This may take the
form of redesigning the wheelchair by adding springs and dampeners to the wheelchair, changing
the material used to construct the frame or changing the configuration of the frame. Also,
different combinations of cushions and back supports may be added to the seating system in
order to reduce the vibrations. :

Future investigations will examine activities of daily living trials of longer duration, as well
as community-based trials, where data will be collected on the order of hours rather than
minutes. Also, this data can be correlated to qualitative surveys completed by the subjects after
the trials to determine their comfort, which can be used in the development of standards for
individuals with SCL Finally, as suggested by Lundstrom et al [2], other parameters, such as
energy, may be better descriptors of the vibration absorbed by the individual and should be used
to set up standards rather than acceleration alone.
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PORTABLE DEVICES TO MEASURE SURFACE FIRMNESS AND STABILITY

Joseph H. Ysselstein, Denise A. Chesney, Allen R. Siekman, Jeremy P. Smith, Peter W. Axelson
Beneficial Designs, Inc., Santa Cruz, California

ABSTRACT

Research has been conducted to design and develop portable devices and test procedures to
objectively measure the firmness and stability of indoor and outdoor surfaces. The goal of this
project was to develop and evaluate two new prototype devices for measuring surface firmness and
stability. Each device was evaluated on six test surfaces and measurements obtained with the
portable devices were compared to wheelchair work per meter values.

BACKGROUND

Physical characteristics of a surface affect the level of accessibility for people with and without
disabilities. The Americans with Disabilities Act Accessibility Guidelines (ADAAG) require that
ground and floor surfaces be stable, firm, and slip-resistant (1). However, ADAAG does not specify
how the stability, firmness or slip-resistance of a surface should be measured.

STATEMENT OF THE PROBLEM

Currently there are no commercially available portable devices that can measure the firmness and
stability of a spectrum of surfaces ranging from hard concrete to soft sand. Available devices are
either extremely expensive, complicated and difficult to use, requiring significant knowledge and a
substantial amount of time to test, or are simple devices that lack sufficient sensitivity to
differentiate between surfaces, such as two different types of wood fiber. In addition, measurements
obtained with the commercially available devices have not been correlated to the amount of work
required to propel a wheelchair across the surface or the amount of energy required for a person to .
walk or wheel on a surface.

RATICONALE

A measurement method is needed which can economically and easily assess the firmness and
stability of a wide spectrum of surfaces. The objectives of this project were to develop and test two
new devices that could objectively measure the firmness and stability of surfaces, using a simple test
procedure that did not require extensive knowledge, training or time.

DESIGN

The physical characteristics of a surface that affect its level of trafficability have been identified
as: resistance to penetration, shear strength, slipperiness, water content, and presence of obstacles
(2). The new prototype devices were designed to measure both resistance to penetration (firmness)
and shear strength (stability). Both devices utilized digital linear encoders that interface with a
laptop computer and a data acquisition system to record the measurements.

Rotational Penetrometer

The Rotational Penetrometer utilized an 8-inch pneumatic caster that rotates about its vertical
axis. Forty-two pounds of force were applied to the wheel, and an initial measurement of the
amount of displacement of the device into the surface was recorded. With the force still applied, the
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wheel was rotated through five 90 deg. rotations, with depth measures
recorded after each 90 deg. displacement. These rotational measurements
indicate the stability of the surface.

handk 1o
romtecamier

Translational Penetrometer

The Translational Penetrometer had a carriage that traveled on linear
bearings and allowed free travel in three axes. It utilized 42 1b. of
downward force on a 6-inch solid wheelchair caster to assess the firmness
of the surface. To measure the stability of the surface, it used 20 Ib. of
lateral force. Once the initial measurement of downward displacement was
recorded, the lateral force was released and displacement on the surface |\
measured. Then the carriage was moved forward, and measurements of Figure 1. Rotational
depth and lateral displacement were taken every 2 inches, over a total Penetrometer
distance of 16 inches.

EVALUATION

The two portable devices were used to measure six test surfaces:
smooth level concrete (CEME), crushed granite with stabilizer (RDOL),
accessible carpet <0.5 in. level pile with no pad (ACAR), engineered
wood fiber that passes ASTM PS 83 (EWFK), engineered wood fiber
that fails ASTM PS 83 (EWFJ), and sand (SAND). Prior to each test the
surfaces were leveled and compacted. To maintain a constant spring
force, the surface had to be free of depressions greater than 0.75 inch.
Five trials were taken with each device on each surface.

Work per meter values for wheelchair straight propulsion and turning
were determined for five of the six test surfaces using the ASTM PS 83
test procedure (3) (Figure 1); values for sand were not obtained because the test procedure could not
be performed.

The measurements obtained with each prototype device ranked the surfaces in the same order
and in similar magnitude as the work per meter values (Figures 2 and 3). The Rotational
Penetrometer values used in this analysis were taken at 360 degrees of rotation, which is where the
greatest differentiation between the surfaces occurred. The correlation between the wheelchair work
per meter values and the Rotational Penetrometer was significant ([R?=0.992] for straight
propulsion and [R*=0.915] for turning). The measurements used for the Translational Penetrometer
were the initial penetration into the surface, and the final lateral displacement. The Translational
Penetrometer also had a significant linear correlation coefficient when comparing lateral displacement
and turning using the wheelchair work per meter values (R2=0.995).

Figure 2. Translational
Penetrometer

DISCUSSION

Both of the devices performed well on the range of surfaces tested. Most notable was the ability
to consistently differentiate between the two engineered wood fibers, one of which does not meet
the requirements of ASTM PS 83, requiring more work than a 7% ramp and therefore considered to
be not accessible under the ASTM standard.
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A problem encountered with the Translational
Penetrometer is that any contours on the surface
can lead to an erroneous depth reading, which is
why only the initial reading can be used.

The results of this study suggest that these
two devices could potentially be used to predict
the amount of work required to propel a
wheelchair on level surfaces. Future research will
include refining the devices, testing on more
surfaces and determining the relationships between
measurements obtained with the devices and
wheelchair work per meter values. The devices will
also need to be validated through comparisons
with the metabolic energy required to negotiate the
surface and perceived levels of difficulty.
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USER EVALUATIONS OF THREE LOW-IMPACT PUSHRIM DESIGNS

W. Mark Richter, Linda vanRoosmalen, Denise A. Chesney, Peter W. Axelson
Beneficial Designs, Inc., Santa Cruz, California

ABSTRACT

One proposed approach to reduce the likelihood of developing upper extremity pain and injury in
manual wheelchair users is the use of a low-impact pushrim. Low-impact pushrims incorporate
flexibility between the wheel and the pushrim, which absorbs impact forces during propulsion. This
study investigated the effects of three low-impact pushrim designs on users’ perception of control,
comfort, and effort after maneuvering across a test course. In general, when subjects perceived
differences between low-impact pushrim concepts and a rigid pushrim, the results were negative,
either due to decreased control and comfort, or increased effort required. The results of this study
serve to provide a more defined set of design specifications for future low-impact pushrim concepts.

BACKGROUND

Wheelchair pushrim design has changed little since its inception. Pushrims provide wheelchair
users with a very intuitive and effective mechanism by which to control and maneuver their
wheelchairs. Despite these attributes, pushrim design is not without some fundamental problems.

Upper extremity (UE) pain and injury are common among manual wheelchair users (MWUs). In
a study of 239 MWUs, Sie et al. found that 64% of paraplegics and 55% of quadriplegics experienced
UE pain (1). The most common sites of UE pain were at the shoulder and wrist. This pain limits UE
strength and range of motion, decreasing mobility and functionality and thus resulting in loss of
independence.

In a study relating wheelchair propulsion biomechanics to upper extremity pain and injury,
Robertson et al. identified impact loading of the UE (which occurs as the hand first contacts the
pushrim during the beginning of the drive phase) as the probable injury mechanism (2). One
proposed solution is the use of a low-impact pushrim (LIP), designed specifically to reduce impact
forces.

RESEARCH QUESTION(S)

The basis of low-impact pushrim (LIP) design is to incorporate flexibility between the wheel and
the pushrim. The use of a LIP may reduce the likelihood of developing UE pain and injury but it is
unclear how it will affect users’ ability to control and maneuver their wheelchair. Will the use of a LIP
result in a loss of control or comfort, or an increase in effort required to maneuver the wheelchair? Is
there an appropriate amount of flexibility such that a LIP does not adversely affect the user?

METHOD A

Seven experienced MWUs volunteered and gave written consent to participate in this study. The
subjects had a spinal cord injury at a level T-2 or below. The average number of years using a manual
wheelchair was 15.3, ranging from 3 to 30 years.

The three low-impact pushrims utilized different interface mechanisms: rubber Shock Mount
(SM), Extension Spring (EP), and Bungee Cord (BC). The load-deflection characteristics of the
concepts are shown in Figure 1. The load was applied tangentially to the pushrim and the
displacement of the rim with respect to the tire was measured in the direction of the applied load.
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Subjects were asked to maneuver their own

wheelchair across a test course using a rigid pushrim 3 '°| [ ues :sc'

and then again with each of the LIP concepts. The test =107 : I
course consisted of a curved uphill path, a level sprint, a % sl | |
curved downhill path, a door threshold, a slalom < 0. T m! A ;

course, a carpet, a wheelie, and a standard ramp. The

LIP concepts were evaluated in a randomized order. £ 1.0{ 7 T T
- . . €8, ©SM ®ES oBC
For the door threshold activity, subjects started with g 8' o
their rear wheels in contact with a 1.25 in. tall threshold ~ § 0.4:
and then in one push, rolled up and over it. The slalom %’18'.(2):‘ = Pn.=

and sprint activities were timed. Subjects were asked to 5 10 15 25
achieve their best times for each trial. The carpet ' Load (ib)
activity included a straight path, one 90-degree turn and
one 180-degree turnaround. After each activity, subjects
were asked about their perceived level of control, comfort, and effort when completing the task.
Responses were then constrained to a comparison between the pushrim concept being used and the
rigid pushrim, such that answers were either “more,” “less,” or “about the same. ” After completing
all eight activities with each LIP concept, subjects were asked to rate its overall performance. Upon
completion of the activities using all of the LIP concepts, subjects were asked to compare the
concepts and give general feedback.

RESULTS

All seven subjects were able to eBC GES
complete the test course using each
of the LIP concepts. Subject 0_ &1_4:1_@_-_,__-:_

responses to control, comfort, and 0 - Uphill ) nnt Downhill Door  Wheelie Bﬁ S|a|om _____ Carpet
effort questions for each of the q] i: 5 !:I 1 ; : ‘l
individual activities are shown in | i

Less Control I
7 [

Figure 2. User perception of control

Figure 1. LIP load-deflection characteristics

More Control uSM

Figures 2, 3, and 4, respectively.
Subjects generally perceived to have
less control using the LIP concepts
as compared to the rigid pushrim

7

More Comfort aSM ®BC C©oES ‘

(Figure 2). However, responses to
the SM concept in particular indicate
that there was very little perceived
difference in control.  Subjects
generally perceived the LIP concepts
to be less comfortable as compared
to the rigid pushrim (Figure 3).
However, there were noticeable
improvements from the responses to
control in the sprint, wheelie, ramp,
and carpet activities. Again, as was
the case for perceived control,
specific responses to the SM concept
indicate that there was very little
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perceived difference in comfort. Subjects generally perceived to expend more effort using the LIP
concepts as compared to the rigid pushrim (Figure 4). Several subjects perceived a decrease in effort
for some selected activities. Similar to perceived control and comfort, specific responses to the SM
concept indicate that there was very little perceived difference in effort. Subjects perceived little
difference in their ability to maintain balance while using the LIP concepts to complete the activities.

Only one subject perceived the SM concept to reduce impact forces, whereas five of the subjects
preferred it over the other concepts. Six subjects perceived the ES concept to reduce impact forces,
but only two preferred it to the other concepts. Five subjects perceived a return of stored energy
during the final stages of the push when using the ES and BC concepts. All seven subjects responded
that they would use the SM concept while only one subject would use the ES and BC concepts. Four
subjects responded that they would change their mind and use their least favorite concept if it was
shown to reduce the likelihood of developing UE pain and injury. All of the subjects responded that
they would want to use the LIP concepts for a longer period of time in order to more completely
evaluate their performance.

DISCUSSION _

In general, when subjects perceived differences between the low-impact pushrim (LIP) concepts
and the rigid pushrim, the results were negative either due to decreased control and comfort, or
increased effort required. The goal of LIP concepts is to reduce the likelihood of developing UE pain
and injury due to impact forces during propulsion, but without reducing the existing level of
functionality or performance. This study has shown that a threshold of pushrim displacement may
exist, defined by the SM concept, at which users do not perceive losses in control, comfort, or effort
while still providing some impact force reduction. The results of this study serve to provide a more
defined set of design specifications for future LIP concepts. Further work will investigate the effects
of these LIP concepts on propulsion impact forces, kinematics and efficiency.
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MECHANICAL EFFICIENCY OF LOW-IMPACT PUSHRIMS

W. Mark Richter, Denise A. Chesney, Peter W. Axelson
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ABSTRACT

Upper extremity pain and injury are common among manual wheelchair users. One approach to
reducing the likelihood of injury is the use of a low-impact or flexible-interface pushrim. This study
investigated the effects of a low-impact pushrim on mechanical efficiency. Three low-impact
pushrim concepts were compared to a standard rigid pushrim. Propulsion work requirements were
measured using each of the pushrims to negotiate four ramp grades ranging from 6.3% to 10%. The
average relative mechanical efficiencies ranged from 94.9% to 97.3% for the three concepts. The
results suggest that the use of low-impact pushrims may not result in a significant decrease in
mechanical efficiency.

BACKGROUND

The mechanical efficiency of manual wheelchair propulsion has been extensively studied (1,2,3).
These studies have shown that the metabolic energy expended during propulsion is significantly
higher than the mechanical energy output from the wheelchair. Many of these losses result from the
recovery phase of the push cycle. Net mechanical efficiency has been found to rarely exceed 13%
and gross efficiency to rarely exceed 11% (3). In an effort to improve mechanical efficiency, several
studies have investigated factors such- as seat position and wheelchair set-up (1,2).

Wheelchair propulsion is not an ergonomically optimal activity and less efficient than
ambulation. The upper extremities are not designed to withstand repetitive, high impact loading, and
therefore, wheelchair users frequently experience upper extremity pain and injuries. In a study of
239 manual wheelchair users, Sie et al. found that 64% of paraplegics and 55% of quadriplegics
experienced UE pain (4). The most common sites of UE pain were at the shoulder and wrist. This
pain limits UE strength and range of motion, decreasing mobility and functionality and thus resulting
in loss of independence.

In a study relating wheelchair propulsion biomechanics to upper extremity pain and injury,
Robertson et al. identified impact loading of the UE (which occurs as the hand first contacts the
pushrim during the beginning of the drive phase) as the probable injury mechanism (5). One
proposed solution is the use of a low-impact pushrim designed specifically to reduce impact forces.

RESEARCH QUESTION(S)

The basis of the low-impact pushrim design is to incorporate flexibility between the wheel and
the pushrim. The use of a low-impact pushrim may reduce the potential for developing UE pain and
injury, but it is unclear how this flexibility will effect mechanical efficiency. Will the use of a low-
impact pushrim result in a reduction in mechanical efficiency, and if so, is there an optimal amount
of flexibility that minimizes the adverse effects while still reducing the high impact forces?

METHOD

Three different low-impact pushrim concepts as well as a standard rigid pushrim were mounted
onto a wheelchair and used to propel up four different ramp grades: 6.3%, 7.1%, 8.3%, and 10%
(1:16, 1:14, 1:12 and 1:10, respectively). During propulsion, the torque applied to the pushrim was
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MECHANICAL EFFICIENCY OF PUSHRIMS

measured. The work required for propulsion was a product of the applied torque and the resulting
angular displacement of the wheel. Five trials with each low-impact pushrim concept were
performed for each ramp grade.

The three low-impact pushrims utilized different interface mechanisms: rubber Shock Mount
(SM), Extension Spring (EP), and Bungee Cord

-
(4]

(BC). The load-deflection characteristics of the B BSM HES BBC

concepts are shown in Figure 1. The load was =2 10:

applied tangentially to the pushrim and the ‘é"n 5-

displacement was measured in the direction of the < 4.

applied load.

A 16 in. width rehab wheelchair (Quickie 2 by £ 1.0

Sunrise Medical) with 24 in. pneumatic rear tires & 0-8: H

was used as the test wheelchair. A SMARTY™! (¢) § gjf __ i

was mounted onto the wheelchair and used to ;.30.(2) :
0.

measure t‘he tqrque a‘ipplle‘d during prf)pulsmn. The 5 10 15 25 35 40
wheelchair weight with 8 in. pneumatic casters was Load (ib)

34 1b. A laptop computer and an external battery
pack were mounted onto the wheelchair. The total
weight of the wheelchair with the computer and power source was 54 Ib. The wheelchair rider
weighed 193 1b. and was seated such that when statically measured, the front-to-rear weight
distribution was 40/60 %.

The wheelchair was propelled 2 (+0.2, -0.0) m in 7 (+/- 0.25) seconds using four uniform
pushes. Torque applied to the pushrim was recorded at 240 Hz. The average torque for each trial
was found by numerically integrating the torque as a function of time and then dividing by the total
trial time. Propulsion work was determined by multiplying the average torque by the total angular
displacement of the rear wheel. The average work per meter value was calculated by discarding the
highest and lowest values and averaging the remaining three. Relative mechanical efficiency was
determined by dividing the average propulsion work required using the low-impact pushrim by that
required using the rigid pushrim.

Figure 1. Load-deflection characteristics

RESULTS
The average mechanical efficiencies for the Table 1. Mechanical efficiencies of three low-
three low-impact pushrim concepts across the impact pushrim concepts
f;u:) lra:r;p ]%;ades 're%nged fromh94:9:f tc;f97.3% Ramp Grade SM ES BC
able 1). The minimum mechanical efficiency
was 89.9% with concept BC on the 6.3% grade | 0270 (1:16)  95.3%  927%  89.9%
ramp and the maximum was 99.1% with concept T1%(1:14)  97.5% 96.9% 95.6%
ES on the 10% grade ramp. 83% (1:12) 98.5%  96.2% 96.0%
Concept SM had the highest average | 10% (1:10) 97.7%  99.1% 98.1%
efficiency (97%) with the least variation (2.4%). Average 973%  96.2% 94.9%
Concept BC had the lowest average efficiency
(94.9%) and the greatest variation (8.2%). For increasing grades, each of the concepts generally
resulted in an increase in éfﬁciency.
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DISCUSSION.

The goal of low-impact pushrims is to reduce impact- forces during manual wheelchair
propulsion, and therefore reduce the likelihood of UE pain and injury. By the nature of their design,
some losses in efficiency are expected. The results of this study suggest that the use of low-impact
pushrims need not result in excessive losses in mechanical efficiency. The angular displacement
characteristics of the ES concept were essentially an average of the SM and BC concepts, a pattern
that was also evident in the mechanical efficiency results. However, the ES concept produced
translational displacements that were significantly greater than the SM or BC concepts. This
indicated that angular load displacement characteristics appear to be a stronger predictor of changes
in mechanical efficiency than translational displacement characteristics. _

Increases in mechanical efficiency with increasing ramp grade may be due in part to the nearly
constant amount of work required to displace the pushrim during the initial impact. As the amount
of work required to negotiate the ramp increased, and the work expended in impact absorption
remained constant, the ratio of the two quantities decreased. Since this ratio represents losses in
efficiency and is decreasing, the result is an effective increase in mechanical efficiency.

This study was a preliminary effort to understand the effects of low-impact pushrims on
mechanical efficiency and is not a comprehensive evaluation. Limitations of this study include use of
only a single test subject and exclusion of ramp grades of less than .6.3%. Future work will address
these limitations as well as investigate the effects on metabolic efficiency.
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ABSTRACT

The purpose of the paper was to determine if there exists more than one typical or generic
shape pattern of the buttock-cushion interface for disabled people, by analyzing the dissimilarity in
geometrical shape descriptors or parameters. The group of subjects were composed of 30 elderly
people (age 65 years or older) and the shapes of the buttock-cushion interfaces were measured by
the ESS (2). Four distinct generic shapes were identified by means of the cluster analysis method.
The results suggested that the generic shapes were mainly characterized by the symmetry of the
shapes. The determination of elderly people’s seat interface shapes into four different functional
clusters may lead to a more comprehensive understanding of the support surface shapes.
INTRODUCTION

The complexity of cushion design is reflected by a prollferatlon of studles related to
rehabilitation, prevention of pressure ulcers and sitting comfort. It is well known that no single
cushion provided optimal results for all users, because of the individual mechanical responses at the
body-seat interface level (4). The mechanical properties of cushions combined with tissue tone and
underlying skeletal structures determine the resultant buttock-cushion interface shape. Seat interface
shape measurements can be used to evaluate the buttock-cushion interface. Sprigle et al. (4)
distinguished different shape contours between able-bodied and disabled people. The support
surface shapes of disabled subjects show significant variability and some of them depart
significantly from others. This has raised the issue of the existence of more than a single generic
shape in support surfaces. Our purpose is to develop a feasible method for determining a certain
number of generic surface shapes that are suitable for different groups of users. We hypothesized in
this paper that more than one generic shape can be found by grouping the interface shapes of elderly
subjects into different clusters. The mean shape of the cluster can be considered as the generic shape
for the corresponding cluster.

METHODOLOGY

This study is based on the data gathered by the Seating and Soft Tissue Biomechanics
Laboratory at the University of Pittsburgh. Thirty elderly people over the age of 65 (81.618.4 years)
participated in the data collection. Their average weight was 64.6+15.7 kg. Each subject sat on an
electronic shape sensor (ESS) and the resulting shape of the support surface was recorded. The
details about this process are presented in Brienza et al. (1)

Many measurements could be defined and/or selected to classify the shapes of support
surface. A set of preliminary measurements was developed to describe the geometrical
characteristics of the seating interface shapes (2). From this study, other measurements were added
to form a list of 8310 measurements for analysis of each shape. This list included 2323
measurements (23 geometrical parameters x 101 medial-lateral cross sectional curves along the
surface) which characterized the lateral curve shapes, 1414 measurements (14 parameters x 101
anterior-posterior cross sectional curves) which characterized the longitudinal curve shapes, 404
measurements (4 parameters x 101 top-view horizontal contours) which described the transverse
contour shapes and 14 parameters which characterized the whole 3-D seat interface shape. Principal
component analysis was then performed on this list in order to reduce the number of measurements
based on extreme distribution and redundancy. This yielded to a list of 56 measurements which rev-
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ealed the dominant geometrical characteristics of the shape.

Cluster analysis was chosen in the present study as the multivariate procedure for detecting
natural grouping in the input data. The 3-D shapes were arranged into clusters. The Ward’s
hierarchical method (5) for the cluster analysis procedure (STATISTICA package) was used in an
attempt to develop a hierarchical tree (dendrogram), where the same observation (shapes, in our
case) was not allowed to appear in more than one cluster. The basis for a cluster analysis is formed
by calculating the degree of dissimilarity among the relevant variables (measurements, in our case)
for the different observations. This can be done in several ways. In this study, the Pearson Product
Moment was chosen as the measure of dissimilarity (the larger the distance between two shapes, the
less they are alike). The differences between fusion levels in the dendrogram were examined in
order to determine the number of clusters. Large changes are taken to indicate a particular number
of clusters.

RESULTS

The dendrogram (Fig 1) obtained from the cluster analysis depicts large clusters
characterizing loose associations of shape patterns, and smaller clusters that define more closely
related patterns. At a small distance level, there are still many clusters with only a few subjects in
each; at a larger distance level, the number of clusters decreases, but the number of subjects
increases. At the bottom of Fig. 1 the number of clusters are shown for four distance levels.
Depending on the distance level of clustering, we can identify two to six clusters. The first
dichotomy (A) divides the original 30 shapes into two clusters of 25 shapes and 5 shapes, separating
the shapes which have lower left lobes from the rest of the group. The larger cluster is hierarchically
subdivided into two clusters of 6 and 19 shapes, at the second dichotomy (B). At the distance level
of 0.2, four clusters (C1-C4) can be identified. The large distances between these four clusters can
be taken as evidence for considering the four-cluster division as most relevant. The mean shapes for
each cluster are displayed in Fig. 2. Each shape has two lobes. The width (W) and height (H)
between these two lobes are shown in Fig 2. Cluster C1 contains six shapes of which the right lobe
is lower than the left one. Generally, the ten shapes in C2 and the nine shapes in C3 are more
symmetrical, but the widths (W) between the lobes of the shapes in cluster C2 are smaller than
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Figure 1. Dendrogram of the cluster analysis H (mm) 75£33| 04£15 12£27) -T.7£64

for 30 shapes. At a distance level of 0.2, four W(mm)|97.1£9.1| 71.2£20.1| 103.9+ 18.3 | 80.8% 16.3
clusters can be distinguished. Figure 2. Mean shape for Clusters C1-C4
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those in cluster C3. The five shapes in cluster C4 are distinct from the shapes in clusters C1, C2 and
C3 with the left lobe lower than the right one.
DISCUSSION

Four clusters were identified by discriminating the variability in geometrical parameters of
the elderly subjects’ interface shapes and the mean shape of each cluster could be considered as a
generic shape. In order to know whether the different generic shape patterns were caused by the
different postures or not, our results were compared to those of Hobson (3), who found that on right
trunk bending from the neutral posture, the left ischial tuberosity (IT) moved vertically upward
about an average of 12.5+9 mm for the able-bodied subjects group and of 1410 mm for the
disabled. Unfortunately, the vertical differences between two ITs in neutral posture were not
reported. Our results of the relative vertical position of the two lobes of mean shapes from subjects
seated in neutral posture revealed that height differences were 7.5+3.3 mm for the mean shape of
the cluster C1 and —7.746.4 mm for the mean shape of the cluster C4. Since in our study, care was
taken to ensure that subjects were positioned in neutral posture, the obvious differences between
mean shapes were probably not caused by posture but by intrinsic characteristics such as tissue tone
and underlying skeletal structures. Subject with flaccid tissue exhibited a deeper, narrower contour
than those with normal tissue (4). Thus, the cluster C3 of which the mean-shape had distinguished
lobes may contained more subjects with flaccid tissue than cluster C2 of which the mean shape had
almost undistinguishable lobes. The effects of tissue tone and underlying skeletal structure on
buttock-cushion interface shapes should be studied in the future as well as posture evaluation to
confirm these observations. The results suggested that distinguishing of generic shape patterns may
lead to a more comprehensive understanding of the seat interface shapes. Further analysis on
different groups is necessary to deeply validate this method.
CONCLUSION

The cluster analysis grouped the seat interface shapes of 30 elderly subjects into four
clusters. It appeared that the generic shapes were mainly characterized by the asymmetry of the
shapes. The determination of elderly individual’s interface shapes into four different functional
clusters may lead to a better comparison with other wheelchair users’ interface shapes than using a
single mean shape. Furthermore, the generic shapes can potentially be used to develop several
generic contoured seat cushions which could be less expensive than the custom contoured seat
cushions.
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AN EVALUATION OF WHEELCHAIR SEATING SYSTEM CRASHWORTHINESS USING
FEDERAL MOTOR VEHICLE SAFETY STANDARD (FMVSS) 207 TESTING .
L. van Roosmalen MS, D. Ha BS, G. Bertocci PhD, P. Karg MS, S. Szobota BS
Department of Rehabilitation Science and Technology
University of Pittsburgh, Pittsburgh, PA

ABSTRACT _
Recognition of the importance of the vehicle seat in providing crash protection has increased
significantly in recent years. Automotive seats require extensive testing to ensure compliance with
government crashworthiness and occupant protection regulations. This study proposes to evaluate
the crashworthiness of various Wheelchair Seating Systems (WCSS) using FMVSS 571.207 for
Seating Systems [1]. The crashworthiness of three WCSS was tested by applying a forward and
rearward load at the seating system's center of gravity (CGSS), and applying a moment to the upper
most point of the seat back. The magnitude of the applied loads was established using FMVSS-207
guidelines. None of the tested WCSS or attached hardware showed significant permanent
deformation or damage.

BACKGROUND

There has been an increase in recognition of the importance of vehicle seats in providing crash
protection. Manufacturers of automotive seats are now required to perform extensive testing to
ensure that their production vehicle complies with government crashworthiness and occupant
protection regulations as described by FMVSS [2, 3]. Not only must the seat be secured so that it
does not add to the loads on the occupant during a crash, but it must-also be designed and
constructed to provide support for the occupant under impact loading and during occupant rebound,
thereby controlling occupant kinematics and optimizing the performance of occupant restraint
systems. Despite an effort by an ANSI/RESNA standard (WC-19) [5] to evaluate wheelchair
crashworthiness, the addition of often used after-market or optional wheelchair seating systems will
invalidate testing and many wheelchairs with add-on seating systems will not be sled tested to
evaluate their ability to withstand crash level forces [4]. The 'ANSI/RESNA Wheelchair Seating
Used in Transportation’ work group is designated to guide seating system design and address this
issue through development of a standard. This study tests WCSS according to established FMVSS
571.207 requirements for seats, their attachment hardware and installation in order to minimize the
possibility of failure during vehicle impact. The introduction of a wheelchair crashworthiness test
attempts to establish safe wheelchair seating systems, which can be used in vehicles and improve
crash safety for individuals using wheelchairs.

RESEARCH QUESTION
Do select, commercially available (adult manual recline, adult automatic recline, pediatric) seating
systems and attachment hardware meet FMVSS 207 Seating System test requirements?

METHOD

The loads applied to the WCSS were generated using the Instron Series 4200 loading frame, which
is designed to test materials in either tension or compression. The performance requirements of
FMVSS state that the occupant seat (or in this case WCSS) shall withstand:

e 20 times the weight of the seat applied in a forward, longitudinai direction, at CGSS;

e 20 times the weight of the seat applied in a rearward, longitudinal direction, at CGSS;

* a force that produces a 3,300 inch-pound moment about a defined seating reference point, applied
to the upper cross-member of the seat back, in a rearward, longitudinal direction,;

¢ loads applied within 5 seconds, held for 5 seconds and reduced to zero within 5 seconds.
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A rigid test fixture was developed to mount the three WCSS with attachment hardware onto the
Instron 4200 loading frame. Additional test hardware was developed to make it possible for the load
cell of the Instron 4200 to apply respectively a forward- or a rearward load at the CGSS, and a
moment at the upper seat back cross member of the WCSS. The required force and cross head speed
were programmed into the Instron 4200 computer, and the maximum extension and force were
recorded by the Instron computer during each test. A linked HP-plotter also captured the maximum
force applied to WCSS over time. All tests were recorded on video.

TEST SETUP

Figure la., shows the test fixture, test instrument and testing hardware for
the ORBIT-pediatric seating system. Before running the test, the original
seat back frame angle of the WCSS was measured using an inclinometer. To
apply the directed loads and moments onto the WCSS, three different setups
were needed to apply load to the WCSS (see Figures 1b, ¢ and d).

Instron

Figure la: Instron 4200 Loading Frame with test fixture and WCSS

Figures 1b,c and d: Setup of WCSS and Instron to app
respectively

RESULTS
Before each WCSS was loaded, a small initial (5%) load was applied onto the WCSS in order to
determine the rate of loading and the required cross-head speed. After the required load was applied
to the WCSS, force-time histories were recorded as shown in Figures 2a, b and c. Table 1 shows
peak seat back deflections, peak applied loads, moments and peak permanent seat back deflection of
all three WCSS.

Table 1: Results of FMVSS 207 testing

Forward Load Rearward Load Moment upper seat back
Seating Weight [Peak Peak Ext.  [Peak Peak Ext.  Mom./Dist [Peak Ext. '[Permanent Sea
System Lb.) [Load.(Lb){in.) (deg)[Load.(Lb)fin.) (deg)(Lb.) in.)  (deg®) [Back Deflect.
deg)
Orbit 775 | 151 |03 [11°] 1705 | 04 |27°] 2225 |34 | 88° 0.1°
Taursas 24.5 500 0.1 {0.9° » 505 0.2 | 0.3° 233.5 1.6 | 2.0° 1.2°
lLaBac 386 | 812 |07 [35] 772 [o06]|15°] 226 19 | 40° 1.0°

Table 1 shows that during both forward and rearward seat back loading, the LaBac had the largest
peak deflections, which were 0.7 in. and 0.6 in., respectively.
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Figure 2: Force-time histories for a) forward, b) rearward and
a) c) seat back moment tests of the Taursas Seating System

Although a higher load was applied to the Taursas than to the Orbit seating system due to their
different weights, the former had the smallest peak deflections for both forward and rearward load
testing. Among the three WCSS, the Orbit seat back showed the largest deflection during the
moment test. The Taursas and the LaBac had permanent deflection of respectively 1.2° and 1.0°.
Compared to these two seating systems, the Orbit seating system showed a very small permanent
deflection of 0.1°, Permanent deflection of the Taursas and the LaBac seating systems show that
these seating systems absorbed some energy due to the applied forces and moments on the seat
backs.

CONCLUSIONS

The FMVSS laboratory procedure was used to evaluate crashworthiness of three WCSS. WCSS
tested in this study met FMVSS 207 test criteria and withstood loads without large elastic or
permanent deformations. Greater loads applied to the heavier WCSS, resulted in a larger permanent
deflection of the seat back. Additional WCSS and attachment hardware as well as seat surfaces will
be evaluated in future efforts. This low cost static load test does not imply a crash-proof WCSS, but
is a first step towards evaluating WCSS and attachment hardware for safe use on wheelchairs used
as motor vehicle seats. '
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COMPUTER MODEL FOR THE DESIGN OF WHEELCHAIR CUSHIONS

Eric Phan, Carl-Eric Aubin, Marie-Josée Dionne, Yue Li, Jean Dansereau
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ABSTRACT

A computer model based on the finite element method was developed to study pressure
distribution at the buttock-cushion interface. By means of loading simulations on wheelchair
cushion models, this computer-aided system is able to provide comparative information for a
variety of concepts and refinements of seat cushions. The load applicator consists of a finite element
model of a rigid buttock, the geometry of which is based on data obtained from the CASS (2). A
multilinear model of the nonlinear stress-strain curve(s) based on experimental results controls the
mechanical behavior of the cushions. Models of a contoured and flat seat cushion have been tested.

BACKGOUND AND OBJECTIVES

The prolonged seated position often leads to pressure problems, mainly because a relatively
small area supports a great part of the user’s weight. In fact, one of the major cause of pressure
sores is the application of forces to the skin surface for prolonged periods of time (1). It is
recognized that the reduction of peak pressures is critical in protection from tissue trauma (4). Up to
now, there are still no universal and precise guidelines for the design of cushion geometry and its
related mechanical properties. According to Lim et al. (5) the most critical extrinsic factors are the
features of supporting seating surfaces with respect to pressure distribution. Unfortunately, the
relation between the seating material and shape with the human buttock during contact is not well
documented, and only few studies have been reported so far. Brienza et al. (2) studied the
relationships between support surface shape, interface pressure and soft tissue distortion using a
computer-aided seating system (CASS). Todd and Thacker (8) developed a finite element model to
study the stress distribution throughout the soft tissues between the cushion and the ischial
tuberosities. Other studies have also presented physical models of the buttock under load (7). The
specific objective of this paper is to present a new tool based on finite element modelling which is
able to simulate the stress distribution as well as the mechanical behavior of seat cushions under
static loads applied by buttock models. This mechanical tool should be useful to compare, by means
of simulations, different concepts of cushion designs.

METHOD

The computer model was developed using the ANSYS software (Mechanical Dynamics inc.)
to study pressure distribution at the buttock-cushion interface. It consists of a finite element model
of a cushion and a rigid buttock. The cushion model was meshed using 288 20-node solid elements.
The hyperelastic mechanical properties of different foams were obtained from resulting curves
obtained from Indentation Force Deflection tests following the ASTM 3574-95 standard.
Preliminary validation of the cushion model was reported previously and showed a maximal error
of 5 % for the force-deflection curves (3). The buttock model was built with 84 4-node shell
elements. Its geometry is based on the optimal shape of deformed buttocks in a seating position
obtained using the CASS (2). In fact, it corresponds to a symmetrical buttock model based on the
mean buttock shape of 30 elderly subjects. The buttock model is completely rigid and acts as a load
applicator. A computer program was developed to simulate loading from the buttock to the cushion
in accordance to nonlinearities and large strains in the cushion material. About 500 point-to-surface
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contact elements were used to model the buttock-cushion interface and to take into account the
stiffness and damping of the cushion and buttock during contact. Preliminary tests were carried out
on two different seat cushion geometries made of a polyurethane soft foam (Multifoam International
Inc.) with external dimension of 16 " x 18 " (406 mm x 457 mm). The first one was a standard
rectangular cushion of 3 “ thickness (76 mm), while the second one, shown on figure 1a) and 1b),
was a contoured shape cushion measured using a 3D digitizer (Microscribe 3D, Immersion Corp.).
The two cushions were modelled using one layer of elements. The mechanical properties of both
cushions were defined using a nonlinear stress-strain curve that takes into account the hyperelastic
properties of the foam (3). All degrees of freedom of the nodes located on the bottom plane of the
cushions were constrained to account for the rigid support surface. The load applied by the buttock
model on the cushion models was about )
65 % of the weight of a 79 kg person
(50th percentile), which approximates
the weight supported by the buttock
area (516N). The normal stress
(minimum principal stress), which is
analogous to the pressures often
measured clinically (8), as well as the
deflection (vertical axis) at the cushion
surface were extracted from the
simulations.

RESULTS

Figure 1c) shows stress results
for the contoured seat cushion. Results
showed differences between both

cushions. A 16 % difference was Posterior . Anterior
observed for the maximal values of the b) Sagittal view

normal stresses indicating larger ANSYS 5.4
pressure for the flat cushion. Another AT
49 % difference was found in the NODAL SOLUTION
values of maximal deflections along the suB =9
vertical axis  indicating larger B v
deformation also in the flat cushion. 017199
Concerning the uniformity of the stress e

-11858
-10530
~9202
-1873
-6545
~5217
-3889
-2561
-1233
95.422

distribution, the contoured cushion
showed a 11 % lower standard
deviation of stress results.

DISCUSSION

Preliminary simulations showed
the feasibility of the finite element
approach to simulate the nonlinear
interaction between the buttock and the  Figure 1 : a) and b) Finite element models of the buttock and
cushion. The normal stress distribution ~ contoured shape cushion (anterior and sagittal views) and c)
is in agreement with previous studies stress results after loading simulation.

DES0ENA00

c) Stress results
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(3,6), which stated that the computer model is able to represent the nonlinear behavior of foam
materials. As generally observed in clinical situations, the results showed lower maximum stresses
for the contoured seat cushion than for the flat seat cushion. The simulations show differences in the
load distribution of the two cushions as well as in vertical deflections and demonstrate the potential
of the finite element model to objectively compare and evaluate seating devices. This finite element
model may also help to provide additional information concerning cushion selection.

Further validations and improvements of the model are in progress. Current work is focusing
on modelling other types of cushion in order to explore new concepts of seating devices and
compare them to actual designs. A protocol, including a design process, is also part of future work
that tends to define the procedures and the proper shape and materials to be used for the design of
more appropriate seating devices using computer simulations.
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A CASE REPORT FROM CLINICAL EVALUATIONS OF THE
PROTOTYPE BODY MAP CUSHION
David Brienza, PhD; Patricia Karg, MS; Mary Jo Geyer, MS PT
Seating and Soft Tissue Biomechanics Laboratory
Dept. of Rehabilitation Science and Technology
University of Pittsburgh, Pittsburgh, PA

ABSTRACT

A novel suspension-type wheelchair cushion has been developed that can improve wheelchair
cushion performance by shifting pressure away from the ischial tuberosities, sacrum and coccyx
while providing stability and support for the user. The use of neoprene layers and optional cutouts '
also allows for adjustment to accommodate pelvic deformities. Clinical evaluation results for one
client with spinal cord injury are presented in this abstract. Additional clinical evaluations are
ongoing and will provide information about the cushion’s design and performance.

BACKGROUND

An effective cushion reduces pressure over bony prominences while providing stability and support,
primarily through envelopment. The main types of wheelchair cushions can be described as fluid,
compressive (elastic, viscoelastic), or suspension cushions. Fluid and fluid-like seat cushions .
achieve envelopment by accommodation of bony prominences and maintain the condition by virtue
of their ability to dynamically adjust to changing loading conditions. However, the dynamic nature
of fluid-filled cushions often leads to the undesirable characteristic of poor stability.

Cushions made from elastic materials such as high resilient foams must rely on pre-contouring to
achieve envelopment. Such a cushion has no ability to dynamically adjust beyond the limits of the
compliance of the material as defined by its material properties. That is, these cushions cannot
change shape without a tendency to return to their original shape. When a person sits on the cushion
both the cushion and buttocks will deform until force equilibrium is reached. In the cushion, the
counter forces will be greatest where there is the most deformation and least where there is low
deformation. Enhanced stability is provided due to the foams tendency to hold its shape and, thus,
hold the person in place. A fluid like cushion would instead change its shape to accommodate
changing load. The disadvantage of pre-contoured compared to fluid like strategies is that the
distribution of forces are sensitive to the relative match between the cushion and buttock shapes,
and to the positioning of the buttocks on the surface. Cushions made from viscoelastic materials
have a combination of elastic and fluid properties giving such cushions some ability to reconfigure
in a memoryless fashion and some ability to provide stability through resilience. However, an
optimum balance of viscous and elastic response is a matter a personal preference and need, and
varies significantly from person to person.

Suspension cushions use the strategy of removal of material in the areas that commonly experience
high pressure and use covers under tension to support these areas in a suspension-like manor.
Suspension cushions remove material from the ischial and often the sacral area, as well. A new
suspension cushion—Body Map Cushion—is under development and recently went through a
multi-site clinical evaluation. Unlike other suspension cushions, the Body Map uses a neoprene
membrane and foam contours to provide support under the pubic arch. This paper presents further
description of the cushion and results for one subject that participated in the evaluation.
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Body Map cushion case report

OBJECTIVE

To evaluate the efficacy of the Body Map prototype cushion for an individual wheelchair user with
a need for accommodation of pelvic deformity and pressure reduction.

APPROACH

The subject, JC, has a level C5-6 incomplete spinal cord injury. He does not have a history of
pressure ulcers, but has factors that increase his risk. JC has a moderate, fixed posterior pelvic tilt
and approximately a 0.5 inch flexible, right obliquity. Upon presentation, he used an E&J Vision
Barracuda with a Stimulite Classic cushion. The evaluation protocol consisted of an Initial
Evaluation that included the collection of background information, pressure measurements,
functional tests, subjective feedback, a clinical assessment, and the fitting of a BodyMap seat
cushion. Pressure measurements were taken with an FSA pressure-mapping device (FSA Pad, Vista
Medical, Manitoba, Canada) on the subject’s cushion, flat foam on a plywood base, and the final
fitted BodyMap cushion. A one-week Follow-up Phone Call included the same subjective feedback
and several additional questions. A one month Follow-up Evaluation included a repeat of the
functional tests, subjective feedback, and pressure measurements on the BodyMap cushion.

L

Fig 1~ Body Map Cushion foam support (top shown on the right, bottom shown on the left)

The cushion consists of up to 5 components: the foam support structure (basic cushion), the high
support suspension liner, the adaptive suspension liner, cushion cover, and cushion spacers (1/2 and
1 inch). The foam support structure (pictured in Fig 1) is constructed from four types of foam
varying in firmness and shape, and an internal membrane of neoprene rubber. The foam support is
glued together and bonded to a rigid stiffener plate on the bottom, then covered with a waterproof
coating. The foam support has two oval cutout areas under the ischial tuberosities to provide
pressure reduction. The outer rim of the foam support is rigid and designed to support the various
tension layers that suspend the person seated on the cushion. Assembly and fitting of the cushion
involves the removal or addition of the liners, spacers, and covers. The spacers can be added
beneath the foam support structure to increase overall thickness from 3 to 3.5 or 4 inches and hence
accommodate greater protrusion of bony prominences into the cushion. The foam support structure
and spacers fit inside the high support suspension liner. This liner has perforated, water resistant
neoprene rubber on top, and bottom and sides made of a durable, water-resistant material. It acts as
the primary suspension membrane to provide the Body Map with its unique pressure-reduction
capabilities. The adaptive suspension liner can be added under the high support suspension liner to
allow for additional support and pressure or postural adjustment. The adaptive suspension liner also
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contains a neoprene rubber layer, which can be cut out on the right or left side to accommodate a
pelvic obliquity. The cushion can then be covered in a Polartec, Lycra, or Darlexx cover. The
components work together to form a cushion system that can be tailored to the clients needs.

RESULTS

Fitting JC with the Body Map cushion took approximately 20 minutes. The final configuration
consisted of the foam support structure with an adjustable suspension liner with a left ischial cutout,
the high support suspension liner, and a Lycra cover. This configuration was chosen because it
corrected for JC’s flexible obliquity and provided him with good pressure readings and comfort.
JC’s overall sitting height was increased by approximately 1.5 inches.

Three pressure mat readings were taken and the results averaged for the top 10 values in each
frame. The average pressures for the Stimulite, flat foam, and Body Map cushion were 106, 89 and
91 mmHg, respectively. The Body Map effectively shifted pressure off the ischial tuberosities to the
periphery of the ischial area and reduced peak sitting pressures. JC immediately felt that he was
sitting more level on the Body Map and that it reduced his back discomfort. During the follow-up
interview and evaluation, he also indicated that he was feeling less back discomfort with the
BodyMap and was sitting more upright. He noted that he was able to sit longer on the BodyMap. He
got used to sitting higher on the BodyMap, but had to adjust his transfer between his wheelchair and
van seat. He feels the increased comfort far outweighs the changes he had to make to accommodate
the increased height. JC will continue to use the BodyMap as his primary cushion. He rated it 5 out
of 5 for Overall Satisfaction.

DISCUSSION

The major benefits to JC of the Body Map cushion appeared to be the ability to easily accommodate
pelvic deformity, the stability provided by the immersion and envelopment properties of the
cushion, and the low maintenance. From the clinicians perspective, the adaptations were easy to
accomplish. In general, there appears to be enough immersion and tension in the front of the pocket
to act as an ischial block for those patients with posterior pelvic tilt (e.g., many elderly) and prevent
sliding forward. There are options for increasing the degree of immersion by varying the layers of -
fabric. To some extent, the cushion allows accommodation for pelvic rotation or other bony
prominences through cutting out of the liner, without loss of favorable pressure distribution. The
provided stability without loss of immersion is important. Stability improves one’s ability to
transfer, weight shift in the chair (side to side) and perform functional tasks in the chair. Additional
clinical evaluations are currently ongoing to collect pressure data and feedback from a larger sample
of potential users. The results will be used to further refine the cushion design and evaluate its
performance. :
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DESIGN OF A UNIVERSAL CANOE SEATING SYSTEM

Allen R. Siekman, Denise A. Chesney, Peter W. Axelson
Beneficial Designs, Inc., Santa Cruz, California

ABSTRACT

Access to water-based outdoor recreation such as canoeing is difficult for individuals who have
impaired sitting balance. Bench-style canoe seats do not provide paddlers with adequate support for
the pelvis and trunk. Existing cushions and backrests for canoe seats do not meet the needs of
individuals who do not have independent sitting balance. The purpose of this project was to design
a concept prototype for a modular universal canoe seating system to provide adequate support for a
variety of users. The prototype was designed to improve pelvic stability, trunk support and
comfort for all paddlers. It was designed to be suitable for use with commercial canoes used by
rental, outfitting and instructional programs. The system is adjustable and modular to accommodate
a wide range of individuals. It includes a basic seating system with pelvis and low back support-
suitable for all users, and extended support(s) for users without independent sitting skills.

BACKGROUND

Canoeing enhances access to outdoor and wilderness environments by providing transportation to
areas that cannot be reached by land, or are inaccessible for people with mobility limitations. This
group may include older adults, families with young children, and people with disabilities. Thirteen
million canoes are rented or used in outfitting or instructional programs each year (1). Canoe rental
facilities and instructional programs currently rely on commercially available seats. The paddler
using these seats must use balance and leg strength to maintain an effective sitting position.

STATEMENT OF THE PROBLEM

Standard canoe seats provide a bench for the paddler to sit on or lean against. They do not stabilize
the pelvis or provide lower back support. The functional benefits of pelvic stability are well
documented for wheelchair users (2, 3). Just as a wheelchair user needs a stable pelvis to optimize
function, the canoe user must maintain similar levels of stability to effectively paddle. Paddlers with
no physical impairment can use leg, hip and trunk muscles to stabilize the pelvis and trunk.
Although commercially available backrests are available, they are not designed to support
individuals who are unable to sit independently. Such individuals must rely on an external back
support system. Commercial canoe backrests do not provide lateral support for pelvic stability and
have a minimal and often unstable attachment to the existing seat. In addition, commercially available
seats usually do not provide padding sufficient to prevent pressure ulcers or abrasions, and are
usually not compatible with the use of a personal cushion or seating system.

Although a variety of canoe seats have been developed for use by specific individuals, none of the
canoe seats specifically designed for people with disabilities are commercially manufactured.
Improvised or temporary supports, such as canoe packs or bolsters, do not provide adequate
support and may shift with the movement of the canoe. Sitting in the bottom of the canoe offers
greater stability but does not allow the user to paddle effectively.
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DESIGN

This project involved the design of a concept prototype for a modular canoe seating system capable
of providing improved pelvic and low back support, stability and comfort for users with and
without disabilities. The concept system is modular to provide different amounts and locations of
support. It consists of a seating frame, adjustable pelvic supports, backrest extension with
adjustable backrest upholstery, lateral trunk supports, and attachment hardware. The system was
constructed of materials similar to those used in current lightweight wheelchair construction.

Basic Seating Module
The basic seat module consists of a base plate, adjustable hip

supports, aluminum tubing, clamp bars and assorted fasteners
(Figure 1). The adjustable pelvic supports provide posterior
and lateral pelvic stability and support. The pelvic supports are
molded thermoplastic and are padded. The supports are
adjustable in width. The seat-to-back angle is adjustable to
maximize comfort and function.

Figure 1. Basic Seat Module
Backrest Extension

Additional trunk support can be added to the base unit by Backrest extension
adding a backrest extension (Figure 2). The backrest extension is o
fitted with adjustable tension upholstery. ", Trunk support

Lateral Trunk Supports T
Add-on, lateral trunk supports provide additional upper trunk '

support to paddlers with limited sitting balance (Figure 2).
Commercially available lateral trunk supports are suitable for
this purpose. Clamp

Bench sat
Attachment Hardware

The seating system attaches to the existing bench-style canoe  Figure 2. Prototype Canoe Seat
seats found in most rental canoes. The lower portion of the

attachment system consists of two sections of polyethylene bar stock. These bars clamp to the
existing canoe seat using turn-knobs and stainless steel studs which protrude from the bottom of the
seat frame (Figure 2).

In the interest of safety, the seat system does not utilize straps or other components that
physically attach the paddler to the canoe or hinder egress.

DEVELOPMENT

The concept of the Universal Canoc Scating System originated from years of clinical experience in .
wheelchair and adaptive sports seating experience and dissatisfaction with commercially available
canoe seats. A variety of commercially available canoe seats were tried, but good pelvic and trunk
support was not provided by existing commercially available products.

276

RESNA 99 o June 25 - 29, 1999 267




UNIVERSAL CANOE SEAT

The proof of concept device was fabricated and mounted on the fore and aft bench seats in two
different canoes commonly used by canoe rental outfitters.

EVALUATION

The prototype system was evaluated on land by three seating experts and three others to obtain
subjective feedback on the comfort and support provided. In addition, the device was tested on a
river by two experienced paddlers with spinal cord injuries. The evaluators reported perceived
benefits of increased comfort, increased pelvic support, increased low back support, greater seat
cushion comfort, better stability when leaning, and increased paddling efficiency. Areas identified as
needing additional development include an adjustment for height of the back support, a method of
leg stabilization, easy adjustment of lateral pelvic supports and a slightly shorter seat depth.

DISCUSSION

The initial feedback from evaluators indicates that the prototype canoe seat is effective in providing
improvements to pelvic and trunk stability and increasing comfort. More research is needed to
incorporate suggested improvements and features. Areas that will require further development
include the strength and durability of the materials used to fabricate the device and safety for the
system user.

Several evaluators requested additional hardware to stabilize the lower extremities. Development of
this hardware could significantly improve lower extremity and pelvic stability but will also create
additional problems for ingress and egress.
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ABSTRACT

This paper presents the reasons for which 40 adults wheelchalr consumers use their powered tilt
and/or recline system. A short questionnaire was developed and used for interviewing the subjects
at home. They were asked to select from a list of 25 objectives, the reasons for which they used
their repositioning system and to rank them in order of importance. For each objective, they were
also asked to identify the frequency of use, the range of tilt/recline and their degree of satisfaction.
Results revealed that the majority of subjects use their repositioning system for comfort and rest and
that only a minority of subjects uses them for physiological or postural reasons. Future outcomes
research should investigate the effect these repositioning systems have on the wheelchair user.

BACKGROUND

When seated in their wheelchair, many elderly and severely disabled individuals are unable to
change their position in order to regain their comfort. As a result, prolonged sitting without change
in posture can lead to discomfort, pressure sores, decreased range of motion, spinal curvatures,
cardiovascular and respiratory problems, decreased urinary and gastrointestinal function, behavioral
changes and loss of functional independence (1,2,3,4). In order to counter the harmful effect of the
prolonged static sitting position, adjustable tilt and/or recline systems are commonly used. While
clinical studies emphasize the many objectives and the contra-indications of using those
repositioning systems (5,6,7), most scientific studies to date tend to focus on pressure distribution
(8). But yet the reasons for which the wheelchair consumer in fact uses this type of equipment are
largely unknown. The purpose of this study was therefore to identify the reasons for which powered
wheelchair consumers use their tilt and/or recline systems.

RESEARCH QUESTION
For what reasons are powered tilt and recline systems used by wheelchair users living at home?

~

METHOD
Sample

Forty adults who owned a powered wheelchair with a powered tilt and/or recline system were
recruited from two Montreal rehabilitation facilities. The sample consisted of 8 women and 32 men
with a mean age of 46 years ( range 21-69); all subjects lived at home. Seventeen subjects had
multiple sclerosis, six had muscular dystrophy, six were spinal cord injured quadriplegics and the
remaining 11 subjects had a diagnosis of another type. Ten subjects had a powered recline system,
26 a powered tilt system and 4 subjects had both systems. They were all living at home and had
their power wheelchair and seating devices paid by the provincial health insurance program.

Procedures

A literature review and two focus groups ( implying users and clinicians ) were conducted to
identify 25 objectives of use of tilt and recline systems. A short questionnaire was developed
thereafter to identify the reasons for which wheelchair users living at home use their powered tilt
and recline systems. The questionnaire consisted basically of a list of 25 objectives that represented
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Why wheelchair consumers use their powered tilt/recline system

five categories of reasons for using a powered repositioning system: (1) comfort, (2) rest and
relaxation, (3) posture, (4) functional independence and (5) physiological functions. For each
objective, the subjects were asked to identify the frequency of use (using a 5-point scale); the range
of tilt or recline (using a 3-point scale) and their degree of satisfaction (using a 5-point scale). From
the list of 25 objectives, the subjects were then asked to select the 8 most important reasons for
using their repositioning system and to rank them in order of importance. The subjects were
thereupon invited to comment on how their tilt and recline system could be improved. The
questionnaire also included general demographic questions as well as questions related to the
problem of sliding in the wheelchair. The evaluations were conducted at the subjects' place of
residence and were administered by the same occupational therapy student.

RESULTS

Results showed that all subjects used their powered tilt and/or recline systems and that 95% of
them use it several times each day. With regard to satisfaction level, a rate of 5 (very satisfied) was
attributed in 93% of the situations of use. Figure 1 illustrates the percentage of subjects who use
their powered repositioning system for each of the 25 reasons listed. The results showed that 70% or
more of the subjects use their repositioning system to increase their comfort, to rest (i.e. snooze, lie
back), to decrease their discomfort, to relax (i.e. while listening to music or TV) and to decrease or
alleviate pain. At the opposite end of the spectrum, only 33% of the subjects or less use their tilt
and/or recline systems to facilitate wheelchair propulsion, to prevent skin redness, to help breathing,
to prevent pressure sores, to avoid sliding in the seat, to make dressing easy and to facilitate bowel
function. The figure also shows that between 41% and 56% of the subjects use their repositioning
system for functional activities such as transfers, going up and down a sidewalk or an incline,
feeding, personal hygiene and approaching objects.

Percentage of the subjects
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Figure 1. Percentage of the subjects who use their repositioning system for each objective of use
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DISCUSSION

The results of this study yield information about consumers' views in a way that extends our
understanding of how powered repositioning systems are currently being used at home. Overall, the
subjects in this study used their tilt and/or recline systems several times daily and were very
satisfied. More than 70% of the subjects reported that they used their repositioning system to
improve their comfort, to rest and to be functionally independent. They felt that their needs in terms
of comfort, rest and functional independence were more important than the physiological and
postural reasons for which these tilt and/or recline systems are generally prescribed in order to be
covered by the Quebec provincial health insurance program. These results confirm clinical opinion
that powered tilt and/or recline systems should be prescribed and funded for reasons other than
purely medical. In addition to outcomes data on consumer use of repositioning systems, future
studies should address the effect of repositioning on user comfort, satisfaction, functional
independence and various biomechanical parameters. It is this kind of outcomes research that will
likely have an impact on the conditions and criteria used to fund these devices as well as on the
quality of life of wheelchair users who could benefit from this type of assistive technology.
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A NEW QUANTITATIVE METHOD TO ASSESS DYNAMIC STABILITY OF SEAT
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ABSTRACT

This study presents a new quantitative method to assess dynamic stability of seat cushion during
seated reaching tasks. The relationship between the velocity and the maximal distance covered by the
center of pressure (COP), at the body-seat interface, provides insight into dynamic stability. A seat
cushion is said to be stable when it allows the COP to cover a longer distance fastly during voluntary
reaching tasks.

BACKGROUND

The sitting position is basically unstable without additional external support. This is because the hip
joints are in an intermediate position and the trunk cannot be locked relative to the thighs by
ligamentous restraint. As a result, muscle activity is necessary for fixation of the trunk when sitting
without additional stabilizers [9]. Sitting balance is not a functional activity, but the ability to
maintain or attain sitting balance is believed to be necessary to perform functional activities such as
dressing, transferring, and eating [1-3,6]. However, the manner in which the body is stabilized while
performing reaching tasks is not well understood [7]. In the past, comparing observational data of
balance during leaning and reaching sideways with quantitative data from force platform has revealed
a weak relationship [3,4]. In the other hand, experimental studies have shown that adding external
stabilizers such as a chest belt or a training program, have a positive effect in increasing functional
reach and so sitting stability [1,2]. In terms of body movement, it was found that reaching longer and
faster represents a gain in sitting stability. This was confirmed on a recent study reporting COP
displacement. In fact, Seelen et al. [6] found that antero-posterior COP displacement was larger and
faster for able-bodied subjects during bi-manual forward reaching when compared to the spinal-cord
injured group. In the previous studies, the effect of seat cushion on sitting balance has not been
examined from a quantitative viewpoint. Furthermore, it is well known that the stability of cushion is
considered to be the most important characteristic of sitting support after pressure distribution [8]. A
cushion with a minimum level of stability is not only perceived as being uncomfortable, but it can
also have negative effects on the sitting posture such as increased internal work [9). Recently, Pai &
Patton [5] examined the interplay between velocity and position of the body center of mass in
balance dynamics. They found that the traditional view according to which horizontal center of mass
positions must reside inside the base of support to guarantee maintenance of balance does not
sufficiently define the feasible region for movement termination. We apply here this theory to the
COP at the level of seat interface to examine the relationship between the velocity and the distance
covered by COP during standardized reaching tasks. In this study we hypothesized that sitting
balance is influenced by seat cushion when performing reaching movement tasks, and that seat
cushion is considered stable when it allows the center of pressure to move faster and covered a larger
distance. 2 8 1
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DYNAMIC STABILITY OF SEAT CUSHION

METHOD '

Seven stroke subjects were recruited from the Rehabilitation Institute of Montreal. Subjects had a
diagnosis of stroke resulting in lateral hemiplegia at least 6 months ago. No subject had hemianopsia
or any obvious cognitive or perceptual problems. The mean age, weight and height were respectively
equal to 57 £9 years, 71.7 £11.9 kg and 1.68 +£0.09 m for the disabled group. Subjects were asked to
sit on a height adjustable stool. Seat height was adjusted to 100% lower leg length. The distance
between right and left ankle joint was fixed to 15 cm. The distance between the popliteal fossea and
the front edge of the seat was fixed to 4 cm. Subjects started with the unaffected hand resting on
pressure-sensitive switch button (I) that was placed on the side of the stool. An alarm signaled the
start of hand movement. The subject reached a second switch button (II) at natural speed in two
directions, 45° ipsilateral and 45° contralateral from the sagittal plane. Reaching distance was
standardized to 130% of arm length, while the height of the switch button (II) was standardized to
100% of the gleno-humeral joint height as measured from the floor in the urpright seated posture.
The subject maintained the switch button (II) pressed for at least two seconds and then returned to
press the switch button (I), which ended the trial. Subjects performed three trials for each condition
(sound and paretic hand), and with three seat cushions (Roho, flat-foam (F-foam), and contoured
foam (C-foam)). During reaching tasks, pressure distribution at the body-seat interface was recorded
at 50 Hz using a FSA mat (VistaMedical, Inc.). The trajectory of the center of pressure (COP) was
computed for each sample from the pressure distribution data. A median low-pass filter was used to
filter displacement data of COP. A numerical central differenciation method was used to estimate the
instantaneous velocity of COP. The maximal covered distance (MCD) as well as the maximal
velocity (MV) of COP were calculated. A paired T-test was used to compare the effect of different
cushions on MCD and MV parameters.

RESULTS & DISCUSSION
Figure 1 shows a typical diagram representing the variation of the instantaneous velocity of COP
with respect to the cumulative distance covered by COP for one hemiplegic subject using his paretic
hand in the ipsilateral direction during reaching task. In general the center of pressure reaches a
maximum velocity at mid-distance of a reaching target. This is due to the acceleration and
deceleration process of total body center of mass.
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We noticed also that the forward velocity of COP is almost always greater than the backward
velocity. In fig. 1, the COP covers a distance of 65 mm and reaches a speed of 1 m/s when the
contoured foam (C-foam) cushion is used. This represents twice the COP distance and velocity for
the Roho cushion. This trend is generally present for all subjects (Table 1). The results shows that C-
foam is more stable than Roho since the former allows the COP to cover larger distance at higher
speed, which is in agreement with Seelen et.al [6]. It is not surprising that when using the paretic
hand in the ipsilateral direction, the subjects were able to move their COP longer with a higher speed
since it is the sound part that controls the movement during this task. However, due to large
variability between subjects, only two cases are statistically significant. This variability could be
partially explained by varying patterns in the foot support reaction forces, although the subjects were
instructed to reach the target the same way for each cushion. Clearly, this method shows a new
quantitative way to assess dynamic stability of cushion. However, care must be taken when
interpreting data for spinal-cord injured people since our subjects were able to walk short distances
within the home, and had the ability to sit unsupported.

Table 1. Mean and (SD) of maximal covered distance (MCD) and maximal velocity (MV) of COP during reaching
tasks for three type of cushions ROHO, contoured foam C-FOAM, and flat foam F-FOAM. (*) significant difference
(p=0.02) between ROHO and C-FOAM. (1) significant difference (p=0.01) between C-FOAM and F-FOAM. (N=7)

SOUND HAND PARETIC HAND
IPSILATERAL  CONTRALATERAL |[IPSILATERAL  CONTRALATERAL
ROHO  MCD (mm)  55.8(18.1) 33.9 (9.5) 72.9 (26.5) 49.1 22.5)
MV (m/s) 1.24 (0.48) 0.72 (0.26) 139 (0.58) 0.93 (0.37)
C-FOAM MCD (mm) 708 (27.9) * 38.1 (8.6) 816 (31.2) 57.1 (29.3)
MV (m/s) 1.29 (0.55) 0.72 (0.34) 1.68 (0.69) 1.12 (0.55)
F-FOAM  MCD (mm) 58.0 (16.7) 357 (11.1) 71.6 (23.5) 53.6 (26.9)
MV (m/s) 1.18 (0.39) 0.76 (0.30) 134 (0.51) 1.05 (0.53)

CONCLUSION

In this paper, we demonstrate that it is feasable to assess dynamic stability of cushion using pressure
distribution measurements when reaching or leaning sideways. The velocity-position COP
relationship provides insight into dynamic stability of seat interface. It appears that the contoured
foam used in this study is more stable than the flat foam and the Roho type cushion.

REFERENCE

1. Curtis, K. A, Kindlin, C.M,, Reich, K. M. & White, D.E. (1995). Functional reach in wheelchair users; the effects
of trunk and lower extermity stabilization. Arch Phys Med Rehabil, 76, 360-367.

2. Dean, C.M. & Shepherd, R.B. (1997). Task-related training improves performance of seated reaching tasks after
stroke. Stroke, 28: 722-728.

3. Nichols, D.S., Miller, L., Colby, L.A., & Pease, W.S. (1996). Sitting balance: its relation to function in
individuals with hemiparesis. Arch Phys Med Rehabil, 77, 865-869.

4. Nieuwboer, A, Feys, H., De Weerdt, W., Nuyens, G. & De Corte, E. (1995). Developing a clinical tool to measure
sitting balance after stroke: a reliability study. Physiotherapy, 81(8): 439-445.

5. -Pai, Y.-C., & Patton, J. (1997). Center of mass velocity-position predictions for balance control. J Biomech, 30(4),
347-354.

6. Seelen, H A M., Potten, Y.JM., Huson, A., Spaans, F., & Reulen, JP.H. (1997). Impaired balance control in
paraplegic subjects. J Electromy Kinesiol, 7(2), 149-160.

7. Son, K, Miller, J.LA.A., & Schultz, A.B. (1988). The mechanical role of the trunk and lower extremities in a

seated weight-moving task in the sagittal plane. J. Biomech.Eng., 110, 97-103.

Staarink, H.A.M. (1995). Sitting posture, comfort and pressure. Delft: Delft University Press.

9. Zacharkow, D. (1988). Posture: Sitting, Standing, F/lgr é)esign & Exercise. Charles C Thomas Publisher, II1,

b

®

USA.

RESNA 99 o June 25 - 29, 1999




EFFECT OF DIFFERENT TILT AND SEAT-TO-BACK ANGLES
ON TRUNK, PELVIC AND HIP ORIENTATIONS
Nadine-Michéle Lalonde, Jean Dansereau, Rachid Aissaoui, Michéle Lacoste
. NSERC Industrial Research Chair on Wheelchair Seating Aids
Ecole Polytechnique de Montreal, Dept. of Mechanical Engineering, Montreal, Canada

ABSTRACT

For many disabled persons, an adequate sitting posture is essential to maintain skin integrity.
Studies have shown that variations in sitting positions may reduce the prevalence of pressure sores.
However, little is known on the effects of these sitting variations on posture. The aim of this study
was to evaluate the orientation of the trunk, pelvis and hip, for 12 spinal cord-injured people in 8
sitting positions, by means of external markers placed on anatomical landmarks and reconstructed
in 3D with a Motion Analysis System. Preliminary results show that the trunk, pelvis and hip angles
are related to the backrest angle; that the pelvis and hip angles are influenced by the system tilt, and
that posture is not significantly modified when back and forth sitting changes are done.

BACKGROUND

For spinal cord-injured (SCI) people who are not able to reposition themselves, prolonged
periods of sitting may cause problems, such as skeletal deformities and pressure sores, even if care
was taken during the positioning. Studies (2, 3) have shown that variations of tilt or seat-to-back
angles, and forward or lateral leanings, modify the pressure distribution at the seat interface, which
may reduce the development of pressure sores. But these sitting changes may influence the sitting
posture. Nwaobi (6) studied the relationship between different seat-to-back angles and hip flexion
with children (normal, cerebral palsied). This study revealed that the seat-to-back and hip angles
are not equal, but that the difference between the two decreases as the inclination of the backrest
increases. The author concludes that the hip angle should not be described as the seat-to-back angle.
Gilsdorf (1) showed that, for noninjured people, an increase in the seat-to-back angle followed by
the return to the upright position, causes an increase in both normal and shear forces. These results
may indicate postural changes, which ‘were, unfortunately, not measured in this study. Studies
conducted by Hobson (3) and Koo (4) showed that lateral and forward bendings result in non-
equivalent postural changes; the posture was also not computed when returned to the neutral
position. From these studies, it is clear that the posture is influenced by forward and lateral
inclinations, and the backrest angle. But the influence on postural alignment of different seat tilts or
returns to the first position, is yet to be studied.

RESEARCH QUESTIONS

The objective of this study was to characterize the trunk, pelvic and hip orientations by means of
external markers reconstructed in 3D, in relation with different tilt and seat-to-back angles for a SCI
group of people. The hypothesis are that 1- modifications in the wheelchair sitting orientation
influences the trunk, pelvic, and hip angles, and that 2- the return to a neutral posmon after
different sitting changes, does significantly modify the initial posture.

METHOD

Twelve SCI subjects (3 females, 9 males) participated in the study. Except for one subject who
had quadriparesis, all subjects were quadriplegics. The group had a mean age of 38.8 years (27-57
years) and a mean body weight of 69.8 kg (52-91 kg). The SEM chair (Simulator for Evaluation
and Measures, Promed Inc.) was used to obtain six different sitting positions (figure 1). The
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experimental sequence included a total of 8 sitting configurations, with 2 returns to the neutral
position.

« P1: System tilt 0°, Seat-to-back angle 100°, (Neutral position);
« P2: System tilt 25°, Seat-to-back angle 100°; \ Seat-to-back
« P3: System tilt 35°, Seat-to-back angle 100°;

« P4: System tilt 0°, Seat-to-back angle 100°, (Return to P1);
« P5: System tilt 0°, Seat-to-back angle 120°%;

System tilt
« P6: System tilt 25°, Seat-to-back angle 120°; = y !
« P7: System tilt 35°, Seat-to-back angle 120°%
« P8: System tilt 0°, Seat-to-back angle 100°, (Return to P1). Figure 1: Definition of seat angles.

The subjects sat on a 2-inch flat-foam cushion, with their pelvis placed on the SEM as far back
as possible, without compromising their stability. The seat depth was adjusted for every subject so
that a 4 cm space was left between the front of the seat and their legs. The footrests were adjusted
so that the thighs were parallel to the seat cushion, a headrest was used, and the subjects' arms
remained on the armrests during the whole experimentation. For one subject, only the first four
positions were done because of technical problems encountered. With the help on an occupational
therapist, external markers were placed on eight anatomical landmarks, based on the result of
Maltais et al.(5): right and left femoral condyles, greater trochanters, anterior superior iliac spines
(ASIS) and acromions. The three-dimensional coordinates of the markers were obtained using 8
video cameras and the ExpertVision software (Motion Analysis Corporation). Three geometric
parameters, defined below, were calculated to characterize the subjects' postures in the sagittal
plane. The mean value of the left and right angles were calculated for each parameter. The back
and seat angles of the SEM were also measured with the Motion Analysis System.

e Trunk: angle between the seat surface and the line joining the acromion and the ASIS;

« Pelvis: angle between the seat surface and the line joining the greater trochanter and the ASIS;

« Hip: angle between the lines joining the ASIS, the greater trochanter and the femoral condyle.
Three statistical analyses were performed to determine the influence on segment orientations of:

1-system tilt (P1-P2, P1-P3, P2-P3, P5-P6, P5-P7, P6-P7), 2-seat-to-back angle (P1-P5, P2-P6, P3-

P7), and 3-the return to the neutral position (P1-P4-P8). Student t-tests were used with a p-level of

0.05. Correlation between backrest angle (to the horizontal) and the parameters were also computed.

RESULTS

Figure 2 presents parameter variations with respect to the neutral position P1. The analysis
conducted for the study of the tilt angle (analysis 1) revealed that, for the pelvic and hip angles,
statistical differences were observed between the 0° tilt and the 25-35 tilts (P1-P2, P1-P3, P5-P6,
P5-P7), but not between the 25 and 35° tilts (P2-P3 and P6-P7). Therefore, system tilts of 25 and
35° resulted in an increase of posterior pelvic tilt and hip angle of approximately 5 and 6°, when the
seat-to-back angle is at 100° and 120° respectively. For the trunk angle, no statistical differences
were noted between the different tilt angles, regardless of the seat-to-back angle. As shown in figure
2 (analysis 2), a seat-to-back angle increase of 20° results in a significant increase in all parameters.
When the system tilt is maintained a 0° (P5), the increase noted is approximately 22° for the trunk
angle, and 16° for pelvis and hip. When the system tilt angle is fixed at 25 or 35° (P6, P7), all the
parameters show an increase of approximately 22°, including the pelvic and hip tilts. The return to
the neutral position (analysis 3) showed no significant changes between the parameters calculated in
P1 and those from P4 and P8, despite the 2° increase noted at P8 on fig.2. Therefore, the back and
forth seating positions did not influence the final sitting posture.
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Effect of diff. tilt and séat-to-back angles on trunk, pelvic and hip orientations

The correlation analysis between the Trunk, peivic, and hip tiit variations in compnTson with the

backrest angle and the parameters neutral position P1 (n=12)

revealed that the two are highly s200 : {mTrunk_gPeivis gHp |

correlated (r = 0.99 for the trunk, ~0.98 2000 -

for the pelvis, 0.83 for the hip). 2000 | A
g 2000 — R

DISCUSSION and CONCLUSION T LR

The results of the study showed that a § 1200 0 R

system tilt increase of 25 or 35° | ™ T im Bim I .

influences only the pelvic tilt and hip o0 | im e I aesnnt

angle, which increased of approximately ::: ;

5° posteriorly (for seat-to-back angles of Com m e e ks e e b .

100 and 1200)' No significant changes Figure 2: Parameter variations with respect to the neutral position
were noted for the trunk. A seat-to-back  py’(defined as zero). Positive values mean an increase in posterior
increase of 20° (for a 0° system tilt) tilt, and negative values mean an increase in anterior tilt.
increased the trunk angle of 22°

and the pelvis and hip angles of 16°. Therefore, the pelvis and the trunk react differently when the
seat-to-back angle increases, which confirms the findings of Nwaobi(6). Nevertheless, a strong
correlation was found between the backrest angle and the three parameters. These results confirm
the first hypothesis, which stated that changes in the wheelchair orientation modify the trunk, pelvis
and hip angles (except for the trunk angle with system tilt increases). No postural changes were
noted with the two returns to the neutral position after the imposed sitting modifications of this
study, which doesn't confirm the second hypothesis. Combining the results of Gilsdorf (1) to this
study, back and forth seating position affects the pressure distribution but not the posture.

This study showed that the trunk angle follows the seat-to-back angle, with little but not significant
variations when tilted, while the pelvis and hip orientations are influenced by seat-to-back and tilt
angles. It was found that increases in these two seat angles tend to posterioly tilt the pelvis. But
further studies must be conducted, with multiple back and forth pos1t10ns to verify or contradict the
two hypotheses made.
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ABSTRACT

Kinematic computer modeling of the user in the wheelchair was developed to simulate lateral
trunk stability provided by different backrests using ADAMS software. The model was composed of
ellipsoids and parallelepipeds, linked by simple articulations. Interface between human body and
seating devices is modeled with contact elements. Simulations of a user and his wheelchair on a
tilted pathway was performed. Different indices were measured and compared to those of an
experimental study. Two backrests were then compared in terms of stability. Preliminary results
show that the approach is feasible and appropriate to compare various seating devices.

BACKGROUND

Lateral trunk instability is a common problem among wheelchair users. This instability is often
the cause of trunk alignment problems. Many backrests were designed to provide adequate lateral
support. However it is difficult to evaluate the stability provided by these backrests. Most of the
work in the field of seating addresses the wheelchair stability itself [1,4,5]. Axelson and Chesney [2]
have proposed a method to evaluate forward and lateral stability provided by assistive devices,
defined as the maximum distance the subject could reach with the dominant hand holding a
weighted object. However, this method does not consider the stability of the user when using his
wheelchair. An experimental method was developed by Parent et al. [6] to determine and compare
lateral stability provided by different backrests. The user was asked to drive his powered wheelchair
at a constant speed on a horizontal pathway composed of an horizontal plane, a twisted part and a
10° laterally inclined plane. This approach implies many trials and manipulations for the evaluation
of stability of each subject. The purpose of this paper is to present a computer modeling approach
that was developed and used to simulate the experimental method of Parent et al.[6] in order to test,
by simulation, different types of backrest or design improvements of seating aids.

METHOD

The model was developed using the ADAMS software (Mechanical Dynamics Inc.). The
wheelchair and the subject were modeled by
parallelepipeds and ellipsoids elements. The human
body (android) is represented by 15 rigid segments
(figure 1) linked by simple articulations (spherical
and revolute joints). The mass and inertia of each
segment are adapted from a 90" percentile HYBRID
II mannequin [3]. These parameters can be
modified to fit the anthropometric measures of a
given subject. The geometry of the seating aids was
represented with a discrete number of rectangular
surfaces, which dimensions were calculated from
surface measurements obtained with a mechanical
arm 3D digitizer (Microscribe 3D, Immersion
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Figure 1. Geometrical model of the android
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Stability evaluation of the user in seating devices using a kinematic model

Corp.). One flat cushion (25 surfaces) and two backrests (20 surfaces) were modeled. For each of
these surfaces, a contact element was introduced between the android and the seating aid, which
allows the specification of stiffness, damping and tissue deformation of cushion and buttocks.
Figure 1 shows the model and the pathway.

In order to reproduce the experimental conditions of Parent et al., displacement of the user in
his wheelchair was simulated at a constant speed (1.4 m/s) on a horizontal plane followed by a
twisted plane and a 10° laterally inclined plane. Two indices were then calculated : the Trunk Lateral
Tilt (TLT) i.e. tilt of the trunk in the frontal plane, and the Trunk Transverse Rotation (TTR) i.e. the
shoulders rotation in the transverse plane. Similar indices were obtained from the experimental
studies of Parent et al [6]. These indices and those obtained from the simulation with the standard
backrest were compared for validation purposes. Two backrests were compared : a “standard”
backrest composed of a 7.5 cm depth contoured lateral support located at the middle height of the
back and a “sharper” backrest (prototype developed by Orthofab Inc.) composed of a 9 cm depth
contoured lateral support located in the upper part of the back.

RESULTS

Results obtained by the simulation and experimental approaches for the “standard” backrest are
presented in figure 2. TLT values for both studies seem quite similar along the pathway. The
presence of a sudden change in the transition zone (between the twisted and laterally inclined
planes) is shown as abrupt increase of the TLT values, unless there is a slight gap between the
change of orientation due to articulation damping. However there is a difference of 1.5 degrees
between maximal amplitudes of simulated and experimental curves when the subject reached the
inclined part of the pathway. On the other hand, TTR evolution is slightly different especially in the
transition zone. A difference of 3.8 degrees is observed, probably due to experimental initial
asymmetrical trunk rotation of the subject which was close to 4 degrees.

Trunk Lateral Tilt (TLT) Trunk Transverse Rotation (TTR)
[ ~#-Simulated Standard  —~Simulated Sharper  -o- Experimental Standard I I-'-Simulated Standard — Simulated Sharper -o- Experimenta! Standard]
10 8
8 [
Transition zone ~—=> M Transition zone ——==
6 s 4
— / _—
g g ~
o ¢ v 2 S
.a’ o
% 2 * ] / E 0 Jw i E' /
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Wheelchair position (m) Wheelchair position (m)

Figure 2. Geometrical indices computed from simulations for the two different backrests and from the
' experimental study of Parent et al.

A second set of results was obtained comparing two different backrests (figure 2). For the TL'T
parameter, the “sharper” backrest allows less lateral displacement then the “standard” backrest (6.3°
against 8.9° when maximal amplitudes on the inclined plane are compared). The TTR parameter is
more difficult to evaluate, the curves being different even if the transition zone is always present. In
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amplitude the “sharper” backrest shows lower values of trunk rotation (4° against 6.8° for the
maximal amplitudes on the inclined plane).

DISCUSSION

The aim of this study was to develop a model to compare various seating devices. Trunk indices
obtained by simulation are close to those obtained by experimental study, which supports the
feasability of the approach. Improvements are still in progress to better estimate trunk stability. Joint
properties have a great influence on the computer simulation results. These properties may vary with
muscular activity and are difficult to approximate. In addition, HYBRID III model is a rough
approximation of the anthropometry of the subject who volunteered in the experimental study.
The geometric indices used for the comparison of lateral stability provided by the two backrests
seem to be relevant for this evaluation, nevertheless other indices of the lateral stability can be
considered to improve the comparison. Based on the kinematic simulation, it seems that the sharper
backrest provides more lateral stability than a standard backrest. Others studies should be done to
compare more deeply the stability provided by these backrests in different situations in order to
reinforce the results presented in this paper.

Finally, even if some improvements of the model are in progress, this study has shown that this
kinematic computer approach is an adequate tool to test of different types of backrest or to improve
the design of seating aids.
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ABSTRACT

The objective was to evaluate platform testing of the static rear stability of wheelchairs occupied by
their users, from the perspective of its measurement properties, safety and comfort. We studied 97
wheelchair users, measuring static rear stability, reliability, validity, sensitivity, specificity, predictive
values and likelihood ratios, using dynamic stability as the criterion measure. In the clinical setting,
the ISO platform test of static rear stability has good to excellent measurement properties, is safe
and well tolerated. However, static-stability testing in this setting should be performed in the context
of a comprehensive evaluation of wheelchair safety and performance.

BACKGROUND

In the United States, there are about 50 wheelchair-related deaths each year (1) and over 36,000
nonfatal wheelchair-related accidents per year that are serious enough to cause the injured person
to seek attention at an emergency department (2). Instability is a factor in the majority of cases.
Despite the positive impact that the ISO platform test of static stability (3) has had in the
manufacturing and research arenas (4), the clinical evaluation of the stability of wheelchairs
occupied by their intended users has surprisingly remained a qualitative one.

RESEARCH QUESTION

The objective of this study was to evaluate platform testing of static rear stability in the clinical
setting, from the perspective of its measurement properties, safety and comfort.

METHODS

We studied 97 wheelchair users, measuring their static rear stability using the newly revised ISO
standard (3) under five conditions: with the brakes locked, with the user leaning forward and
backward, with an antitip device in place and with the brakes unlocked. We evaluated reliability,
validity, sensitivity, specificity, predictive values and likelihood ratios. For the criterion measure, we
used an ordinal scale (0-4) of dynamic rear stability (5) while the wheelchair user negotiated 6
environmental challenges: reaching and leaning backwards, accelerating forwards and decelerating
while moving backwards, each on the level and on a 5-degree incline. For the two-by-two tables,
we dichotomized the static- and dynamic-stability values into positive (abnormal) and negative
(normal) test results. We defined a positive dynamic-stability test as a total value of < 24 on the six
dynamic-stability tasks. To choose a cutoff value for the static-stability tests, we considered the
tradeoffs between sensitivity and specificity, choosing to maximize the product of the two to ensure
that they would be simultaneously high.
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RESULTS

There were no adverse events and the subjects found the tests comfortable, non-frightening and
indicated that they would be willing to have the tests again. The test-retest reliabilities (n = 18-24)
were all > 0.93. Regarding content validity, we identified two problems when adapting the ISO
method for clinical testing: i) when a wheelchair user used the feet for propulsion and i) in 7 of the
59 antitipper tests attempted, the antitipper did not prevent the wheelchair from tipping over
backwards, so that the ISO-defined endpoint (unweighting of the rear wheels) could not be
determined. Construct validity was confirmed by the fact that leaning forward increased rear stability
by 75% in comparison with the brakes-locked values, leaning backward decreased it by 18%,
antitippers increased it by 54% and unlocking the brakes increased it by 64% (p < 0.0001). The
test's good concurrent validity was demonstrated by the Spearman’'s rank correlation values

* between the static-stability values and the total dynamic-stability values which ranged from 0.29 to
0.65. Sensitivity ranged from 46 to 86%, specificity from 59 to 78%, positive predictive values from
76 to 86%, negative predictive values from 42 to 69%, positive likelihood ratios from 1.56 to 2.95 and
negative likelihood ratios from 0.22 to 0.71.

DISCUSSION

The test-retest reliability of static-stability testing was excellent. Both of the content-validity difficulties
with the ISO method were easily correctable. When a patient has his/her feet on the platform during
testing (e.g., due to the absence of footrests), the endpoint should be when the force becomes zero
under the feet rather than under the front wheels. Regarding the antitipper section of the I1SO
method, we recommend a slight change in the ISO description of the endpoint — when the
antitippers fail to prevent the wheelchair from tipping over, so that the usual endpoint of unweighting
of the rear wheels cannot be determined, the brakes-locked value should be recorded. In this way,
the added stability from the use of the antitip devices (the antitipper minus the brakes-locked tipping
angles) will be zero, as it should be. For construct validity, we found that the static-stability values
responded appropriately to situational changes. Regarding concurrent validity, the relationship
between static and dynamic stability was good.

Although the sensitivity, specificity, predictive values and likelihood rations were good, in the clinical
setting we do not recommend the use of a firm cutoff value for normal/abnormal stability. Rather,
we suggest that clinicians recognize that the risk of a rear-tipping accident is roughly an inverse
function of the measured rear stability, but that this risk is also influenced by the ability of the
wheelchair user to anticipate such accidents and take steps to prevent them (e.g., by leaning
forward). A wheelchair user will often be prepared to accept lower rear-stability values as an
appropriate trade-off for better performance.

Although we originally included the dynamic-stability tests only to permit the evaluation of the
concurrent validity of static-stability testing, our respect for this technique grew during the study. The
discrete event anchors of the ordinal scale are well defined and the scale reflects clinically
meaningful distinctions, with one exception. Making the distinction between a “transient tip" (grade
3) and a "transient antitipper-limited tip" (grade 2) suggests that a subject would sometimes be
disadvantaged by using an antitip device, whereas the use of a properly designed and adjusted
antitip device is beneficial, from the stability perspective, if it prevents a more dangerous partial or
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full tip. The transient antitipper-limited tip category should be eliminated from the scale, using
instead the four-point scale that has been reported earlier (4). We believe that an evaluation on an
obstacle course should be used as a routine screening test for wheelchair stability (as well as
performance) and that the platform test of static stability should only be used when more sensitive
measures are needed.

We conclude that, in the clinical setting, the ISO platform test of static rear stability has good to
excellent measurement properties, is sefe and is well tolerated by patients. Static-stability testing
in the clinical setting should be performed in the context of a comprehensive evaluation of safety
and performance. '
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ABSTRACT

The purpose of this study was to utilize the ANSI/RESNA Wheelchair Standards to
determine the static and dynamic stability, as well as braking distance of five different types of
popular power wheelchairs. Significant differences were observed between the wheelchairs for all
three ANSI/RESNA tests. The Quickie P200 and Action Storm are the fastest wheelchairs, but also
the most unstable and have the longest braking distances. The Pride Jazzy, Permobil Chairman, and
Everest & Jennings Lancer 2000 are more stable but slower wheelchairs.

INTRODUCTION

Power wheelchairs provide a vital means of mobility for thousands of people with
disabilities in the United States, as well as the entire world. A variety of different models are
available and range in price from a few thousand dollars to over twenty thousand dollars. The goal
of ANSI/RESNA Wheelchair Standards is to provide a set of tests that can be utilized to compare
the performance of different types of power wheelchairs. There have been other studies that have
compared the performance of power wheelchairs (1,2), however; technological advances in recent
years have outdated these results.

Five different types of power wheelchairs were chosen for testing. Three wheelchairs of
each type were purchased in order to perform statistical analysis. The wheelchairs compared in this
study include the Everest & Jennings Lancer 2000, the Sunrise Medical Quickie P200, the Pride
Healthcare Jazzy, and the Permobil Chairman. We hypothesized that (1) static stability results
would not be significantly different; (2) dynamic stability results would show no significant
differences; and (3) there would be no significant difference between the types of wheelchairs when
tested for effectiveness of brakes.

METHODS

The testing performed during this study was in accordance with sections 1, 2, and 3 of the
ANSI/RESNA wheelchair standards (3). These sections include determination of static stability,
determination of dynamic stability of electric wheelchairs, and test methods and requlrements for
the effectiveness of brakes, respectively.

The static stability of each wheelchair was determined by inclining a horizontal test plane
until the uphill wheels of the wheelchair lost contact with the surface. Each wheelchair was tested
in its most stable and unstable configurations facing uphill, downhill, and sideways.

The dynamic stability _of each wheelchair was tested on level surface, as well as slopes of 3°,
6°, and 10°. The stability was determined under various circumstances; starting forward uphill,
braking after traveling forward uphill, braking after traveling backward downhill, braking when
traveling forward downhill, turning on a downhill slope, and traveling from a sloped to level
surface. The stability was rated using a four point scale with a 4 signifying no tipping, 3 —transient
tipping, 2- transient tipping with antitipper contact, 1- tipping with the wheelchair/scooter
remaining on the antitippers, and 0- full tip.
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The effectiveness of brakes was also conducted on 0°, 3°, 6°, and 10° slopes. Braking
distances forward downhill and backward downhill were recorded under the following conditions;
joystick release, joystick reverse, and power off. Three trials were conducted for each condition
and the final score was determined from the average of the three tests. Analysis of variance
(ANOVA) with levels of significance of p < .05 were used to test the three hypotheses.

RESULTS

The results for this study show that there are significant differences in the stability and
braking distance of the five different types of power wheelchairs (Table 1). There were significant
differences (p < .05) between the wheelchair types with respect to facing downhill (most stable
configuration), facing uphill (most & least stable), and facing uphill-Antitippers (most & least
stable). There were no significant differences (p > .05) with respéct to facing downhill (least stable)
and lateral (most & least stable)

Table 1: Tip Angles of Test Wheelchairs.

Static Stability Facing Downhill Facing Uphill Facing Uphill Lateral
Antitip Devices

Wheels Unlocked Locked Locked Locked
Most Least Most Least Most Least Most Least
E&J 1 28.9° 26.4° 19.7° 15.7° 20.3° 18.5° 17.4° 17.4°
E&J 2 33.8° 29.1° 19.5° 17.8° 27.9° 22.8° 19.3° 17.8°
E&J3 34.7° 28.2° 19.3° 16.8° 222° 21.1° 18.6° 17.7°
Quickie 1 27.9° 23.2° 5.1° 5.0° 11.1° 9.4° 24.8° 24.5°
Quickie 2 26.2° 22.5° 9.1° 4.8° 12.4° 6.2° 17.3° 16.9°
Quickie 3 27.1° 20.9° 5.7° 5.0° 8.0° 7.0° 17.8° 16.7°
Action 1 19.7° 16.5° 22.5° 19.6° 23.3° 20.3° 16.2° 14.8°
Action 2 25.9° 22.7° 19.8° 18.8° 20.4° 20.0° 17.6° 16.8°
Action 3 29.7° 19.6° 20.3° 19.2° 21.6° 12.4° 18.7° 15.6°
Pride 1 23.2° 29.4° 25.6° 23.7° 35.9° 30.1° 18.7° 19.6°
Pride 2 11.0° 10.6° 20.8° 20.5° 33.4° 23.5° 16.1° 14.7°
Pride 3 11.4° 10.8° 19.5° 18.9° 24.7° 20.8° 14.7° 14.7°
Permobil 1 32.1° 17.5° 37.3° 30.5° N/A N/A 18.6° 20.3°
Permobil 2 31.5° 19.3° 37.3° 30.5° N/A N/A 21.2° 20.8°
Permobil 3 33.6° 18.5° 37.8° 29.3° N/A N/A 20.6° 19.3°

Dynamic stability scores were significantly different for many of the test conditions. There
were significant differences (p <.05) for starting forward on a 0°, 3°, 6°, and 10° slope and braking
while traveling backward by pushing the joystick forward, as well as killing power, on all slopes.
There were also significant differences for braking while traveling downhill for all conditions on 6°
and 10° slopes, as well as braking while traveling uphill, all conditions, on a 10° slope. The
wheelchair types were also significantly different when braking while traveling uphill (joystick
release) on a 3° slope, as well as braking while traveling downhill (power off) on a 3° slope.
Finally, there were significant differences when braking while traveling backwards (joystick reverse
and power off) on a level test surface. The scores for the Action Storm and Quickie P200 were
consistently lower than the other wheelchairs.

The results of the effectiveness of brakes show significant differences (p < .05) for every
braking condition. These conditions include stopping the wheelchair by (1) releasing the joystick,
(2) reversing the joystick, and (3) turning the power off. The wheelchairs are tested in both the
forward and backward direction using these braking conditions. These tests are performed on a
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level surface, 3° slope, 6° slope, and a 10° slope. The braking distances for the Action Storm and
Quickie P200 are considerably longer than the distance of the other wheelchairs.

DISCUSSION

The results of the ANSI/RESNA testing show that there is a significant dlfference in many
of the performance standards associated with power wheelchairs. The static and dynamic stability
of the Quickie P200 and the Action Storm are very different than the other three types of power
wheelchairs. However, these two wheelchairs are considerably faster than the other types and are
designed for very active people. The Permobil Chairman and Pride Jazzy are both front wheel drive
wheelchairs. This enables them to perform tight turns and increases their maneuverability, but it
also reduces their maximum speed, and thus makes them more dynamically stable (4). Although
the Quickie and Action wheelchairs are less dynamically stable, antitip devices prevent them from
completely tipping over. The antitippers on both wheelchairs often come into contact with the test
plane, and the wheelchairs are actually intended to function with six wheels instead of four.

The braking distances of the wheelchairs are also representative of their intended use and
greatly affect the safety of the user (5). Due to their speed and design, the Quickie P200 and Action
Storm usually require a longer distance to brake on different slopes. The Pride Jazzy and Permobil
Chairman require the shortest stopping distance, and the E&J Lancer falls into the mid-range.

CONCLUSIONS

We conclude that the five different types of power wheelchairs used for this study are
significantly different with respect to static stability, dynamic stability, and effectiveness of brakes.
The ANSI/RESNA Wheelchair Standards are a very useful tool to help analyze the different types
of wheelchairs that are available and determine which model is right for a particular individual. It is
important for a user to know the parameters of his or her power wheelchair in order to prevent
serious injury, as well as make sure that they are getting the best value for their money.

The research performed in this study is part of an ongoing investigation. All fifteen of the
power wheelchairs will be tested according to the complete set of ANSI/RESNA Wheelchair
Standards. This will allow for determination of fatigue life as well as cost analysis of the different
types of wheelchairs.
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A SELF-PROPELLED MOBILITY DEVICE FOR SOFT SURFACES
Linda van Roosmalen', Joe Ysselstein?, John Tipton?, Peter Axelson?
'University of Pittsburgh, Dept. of Rehabilitation Science & Technology, Pittsburgh PA,
2Benef1c1al Designs Inc., Santa Cruz, CA

ABSTRACT

Wheelchair users often encounter problems when propelling across uneven soft surfaces such as
sand or loose gravel. Research conducted at Beneficial Designs with individuals propelling manual
wheelchairs on a soft surface revealed that none of the subjects were able to traverse 50 meters
across soft sand. Current beach chair technology does not permit individuals who use manual
wheelchairs to independently propel and maneuver. This study describes the development of a
prototype device with the option of independent mobility on soft surfaces. Preliminary user testing
showed an improved ability to independently propel and turn on soft surfaces. After improvement
of the prototype, other applications will be evaluated to determine the effectiveness of the chair in
snow and other soft surfaces.

BACKGROUND

Many individuals rely on their wheelchair for daily transit, during which they encounter and
traverse different types of surfaces. Manual wheelchair users have the ability to propel across these
different surfaces without much effort. But if soft surfaces are encountered such as sand or snow,
the typical daily wheelchair does not function well. Research currently being conducted at
Beneficial Designs with individuals propelling manual wheelchairs on a soft surface has revealed
that none of the subjects were able to traverse 50 meters across soft sand. Various beach chairs have
been on the market to assist wheelchair users in maneuvering across these surfaces that are neither
firm nor stable. With one chair (Landeez), a horizontal bar at the rear of the seating system presents
a potential hazard to the user. Furthermore, the seating is high off the ground and the tires are
difficult to reach for self-propulsion. Another chair (Deming) requires extensive and expensive
construction to enable users to self-propel. Other attendant-propelled models are designed to seat
the occupant high above the ground, which makes it hard for the user to reach the ground and
interact with the natural surroundings. Another inconvenience of current beach chair technology is
the instability or tippiness experienced by the user when transferring to and from the beach chair.
Identifying these disadvantages led to the création of a list of design criteria necessary for
‘developing a soft surface mobility device that is self-propelled, comfortable and safe to use.

HYPOTHESIS

This design study is based on seating that creates a low center of gravity. The prototype device can
be propelled independently and offers the occupant a better opportunity to interact with the natural
surroundings than do currently available products. Design criteria were established to make the soft
surface mobility device comfortable and easy to propel. The developed product concept improves
upon currently available beach chairs by providing the following features:

e Ability to self propel the chair over various soft surfaces which are difficult to access

e Ability to reach the ground (sand, water, shells, rocks and snow) while seated

¢ Ability to independently place the chair in a reclining position to relax

o Ability for an assistant to propel the chair in case of limited upper extremity function

METHOD
Computer design software (Form-Z for Apple Macintosh) was used to design and visualize a 3-
dimensional concept and then a prototype of the soft surface mobility device was built. Because
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SOFT SURFACE MOBILITY DEVICE

the design concept was to be tested and used in a sandy and salty environment, PVC tubing and
PVC connectors were used to build the frame of the prototype. Two 18-inch Rolleez wheels and
two 11-inch Rolleez wheels were used. PVC tubing was used to construct the frame and seating
system. One-inch webbing and two plastic buckles were used to adjust and lock the backrest angle
and 2-inch webbing was used for the seat and for positioning of the feet.

RESULTS

The design of the frame is dynamic to allow the device to flex and pivot as it follows the terrain. It
consists of two parts: one that tracks over the surface and the second a seating system. The forces
acting perpendicular on the PVC and causing unwanted bending of the PVC are minimized.
Distribution of the weight of the seating system over the center wheels brings the chair into balance
and makes it easy to steer. The prototype allows the user to pop a wheelie for turning. The rolling
part contains two 18-inch and two 11-inch Rolleez wheels, which prevent the device from sinking
into the surface material when loaded with the occupant weight. The front and rear wheels connect
via one center axle through the main wheels, which pivot around the center wheel axle. This setup
prevents the seating system and the occupant from experiencing large vertical movements on
uneven surfaces. The front of the seating system connects to the front wheel axle with two tubes.
The long frame length to the front wheel decreases the vertical movement when an obstacle is
encountered (Figure la, 1b). If the rear wheel of the soft surface mobility device encounters an
obstacle, the bracket that is mounted to the wheel and center axle will raise to the top of the obstacle
(Figure Ic, 1d).

o

Figure: 1b Figure: 1d

Because the seating system is not directly mounted to the rear wheel assembly, it will raise less,
resulting in a comfortable and easy ride for the occupant. Two connector plates mounted to the rear
wheel connect the seating system and the center wheel axle and make the mobility device stable in
the lateral direction (Figure 2, Table 1).

Table 1. Characteristics of the Soft Surface Mobility Device

Figure: la

Figure: Ic

Description Dim. of prototype | Description Dim. Of prototype
Overall length 60 in. Size large tires 18in. x 8in.
including tires
Overall width 36 in. Size small tires 1lin. x 7in.
including tires
Overall height 35in. Total pressure surface of 19 in.?
small tires (3.5in.) ]
Seat height 15-16 in. Total pressure surface of 138 in.?
big tires (ellipse 5.5in. x 8in.)
Seat depth 18 in. Weight of device including tires 351b.
Seat width (outside 17.5 in. Total footprint 314in?
tubing)
Backrest height 20 in. Average pressure of mobility device 314/(35+150)=
and occupant (150 1b) on surface 1.6 1b/ in.2
Backrest width 12 in.
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Figure 2: a) Side, b) 3-Dimensional and c) Top view of Soft Surface Mobility Device

DISCUSSION

After a preliminary evaluation of the prototype with one wheelchair user and one non-disabled
person, the following suggestions for improvement were found:

The front frame shows visual bending; aluminum or PVC with a bigger wall thickness should be
used or the rolling part of the frame should be made from aluminum and the seating system from
PVC. A PVC tube could be added between the front of the seating system and extending rearward
to the center wheel axle. The need for adjustability of the seating system in the forward and
rearward direction should be evaluated for individuals of different weight and size. The amount of
incline of the backrest should be evaluated as well as the width of the webbing belts and buckles.
The belts might be too small for their purpose and lateral support padding might be necessary in
combination with a wider belt. The method of mounting the backrest to the seat frame and the use
of the adjustment belts and buckles must be evaluated for strength and user comfort. The wall
thickness of the KYDEX connector plates should be reinforced to improve the stability around this
connection point. A mechanism for pushing the chair by an assistant needs to be added. The large
center wheels are used as pushrims to propel the device. The strength needed to propel the device in
certain circumstances might be unacceptable or impossible for some users. The strength needed to
propel the mobility device should be examined. Different propulsion techniques must be explored
and evaluated, such as using paddles, handlebars or sand poles to maneuver the mobility device.
Also, different tires with a different tread pattern could be useful to increase the friction between
tires and hands. Mounting a pushrim on the current wheels might be functional for some users.
After improvements are made to the prototype according to these suggestions, a product concept
will be ready for testing with various wheelchair users. The final issue that should be evaluated is
how the chair can best be manufactured. This study produced a promising concept that provides an
affordable opportunity for wheelchair users to independently propel across different surfaces, an
opportunity which is not possible with current technology.
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WHEELCHAIR DROP-SEAT SLOTBOARD TO SUPPORT THE RESIDUAL LIMBS OF
PEOPLE WITH TRANSTIBIAL AMPUTATIONS: SHORT-TERM EXPERIENCE

R. Lee Kirby', Vidya Sreenivasan' and Cher Smith’

'Division of Physical Medicine and Rehabilitation, Dalhousie University; *Department of
Occupational Therapy, Queen Elizabeth IT Health Science Centre, Halifax, Nova Scotia, Canada

ABSTRACT

People with transtibial amputations commonly use wheelchair knee-extension devices, but all have
limitations. We developed a new drop-seat slotboard device, the key improvements of which are
lateral cutouts and L-shaped sliders that permit the seat to be dropped to or below the seat rails. We
present the case reports of the first three elderly people with transtibial amputations to use the drop-
seat slotboard. Although one subject with cognitive problems had difficulty in correctly placing the
device in the wheelchair, otherwise the subjects and their clinicians found the new device to be safe,
easy to use and not to interfere with transfers or wheelchair propulsion.

BACKGROUND

Knee-flexion contractures are common complications of transtibial amputations and are due in part
to prolonged periods of sitting in a wheelchair with the knee flexed during the postoperative period.
The methods used to prevent and treat knee-flexion contractures include wheelchair knee-extension
devices-- solid, hinged, swing-away and slotboard designs (1-4) -- but each has limitations. We
developed design criteria from a review of the literature, then used a focus group to validate and rate
the criteria (5). The focus group concluded that, of the four existing classes of devices, the slotboard
best met the design criteria (5). We then modified the slotboard design to eliminate the principal
limitations of existing slotboard devices. The key improvements are lateral cutouts and L-shaped
sliders that permit the seat to be dropped to or below the level of the seat rails (Figure 1).

OBJECTIVE ,
The objective of this paper is to present our short-term experience with the new drop-seat slotboard,
from the perspective of its ease of use, comfort and safety.

METHODS |

The first three subjects to use the drop-seat slotboard were all actively involved in a tertiary-level
rehabilitation program for patients with amputations. After a brief period of orientation and
instruction (15 minutes or less), each subject used the device for at least one day. Thereafter subjects
were interviewed regarding their observations and were evaluated while activating the sliders, putting
the stump cushion on and removing it, removing the slotboard from the wheelchair and replacing it,
transferring to and from the wheelchair and propelling the wheelchair (including the use of the feet).

RESULTS

Subject #1 was a 76-year-old male patient with a right transtibial amputation due to peripheral
vascular disease. He had no difficulty pulling out and retracting the slider. He was able to position
the stump cushion on the slider and attach it, then remove the stump cushion and store it. He
experienced no difficulty in removing the slotboard from the wheelchair or replacing it. He was able

299

o RESNA ’99 ¢ June 25 - 29, 1999




Drop-seat slotboard

to propel the wheelchair easily using his feet and to transfer to and from the wheelchair without
assistance. He found the drop seat to be comfortable and safe. He stated that he would use the drop-
seat slotboard if it was available because he felt that "he needed all the help. he could get to keep his
stump straight". In summary, the drop-seat device would appear to be a good choice for this subject.

Subject #2 was a 72-year-old female patient with a right transtibial amputation due to peripheral
vascular disease. She had had a stroke in the past and had mild residual weakness of the left arm.
Prior to the installation of the drop-seat slotboard, her wheelchair was equipped with a heavy rigid
seat with a hinged stump support that was difficult for her (and her family) to remove when it was
necessary to transport her wheelchair. With the drop-seat slotboard, she had no difficulty pulling out
and retracting the slider. She was able to position the stump cushion on the slider and to attach it
without assistance, then to remove the stump cushion and store it. Although she was able to remove
the drop hooks from the seat rails unassisted, she had slight difficulty that she attributed to her ‘bad
left hand’. She encountered no difficulty when replacing the slot-board. She was able to propel the
wheelchair easily using her feet and transferred to and from the wheelchair without assistance.
During a weekend pass from the rehabilitation center, she was able to teach her family members how
to remove and replace the slotboard for easy transport of the wheelchair. She found the drop-seat
slotboard to be easy to use, convenient, safe and comfortable. She felt that she would definitely use
the drop-seat slotboard if it was available. Indeed, when the researcher approached her to remove
the drop-seat slotboard, she asked "Do you have to take it away?". In summary, the drop-seat
slotboard would appear to be appropriate for this subject.

Subject #3 was a 72-year-old male patient with bilateral transtibial amputations due to peripheral
vascular disease. He also had mild dementia of vascular etiology. He had no difficulty pulling out
and retracting the slider. He was able to position the stump cushion on the slider and attach it
without assistance and was able to remove the stump cushion without any problem. He had no
difficulty removing the drop-seat slotboard from the wheelchair, but he was unable to safely replace
it, failing to correctly place the drop hooks on the seat rails of the wheelchair. Once the seat was
replaced for him, he replaced his wheelchair cushion in a manner that interfered with replacing the
armrests. He was able to propel himself using his prostheses and he transferred to and from the
wheelchair without assistance. He found the drop-seat comfortable and safe once it was in place in
his wheelchair. He stated that he found the drop-seat slotboard useful for keeping his knees straight.
He also stated that he would only use the drop-seat slotboard if his therapist recommended it because
he found it difficult and confusing to insert it in the wheelchair (“there were too many things to
remember"). In summary, the drop-seat slotboard would appear to be appropriate for this subject if a
caregiver was available to assist with the removal and replacement of the device when it was
necessary to fold the wheelchair needed for transport. Additional training might also have been
helpful. ' :

DISCUSSION
Although one subject (#3) with cognitive problems had difficulty in correctly installing the device,

otherwise the subjects and their clinicians found the new device to be safe, easy to use and not to
interfere with transfers or the ability to propel the wheelchair. That all three subjects were able to
use their feet to assist in propelling their wheelchairs confirms that the seat heights were not

artificially raised in the way that other slotboard devices do. The experience of subject #3 suggests
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that the initial training in the use of the drop-seat slotboard should be individualized. Unless a
subject can demonstrate the ability to safely carry out the essential tasks involved, he or she should
not be provided with the device. Given these promising early results, we plan to carry out a long-
term trial, issuing drop-seat slotboards to people with transtibial amputations immediately after
surgery and subjects will continue to use them throughout their rehabilitation. We are working with
a company that will make the drop-seat slotboard commercially available in 1999.

FIGURE 1: Prototype of the drop-seat slotboard, with both sliders extended and without cushions.
Note that the seat surface is about 1” below the level of the seat rails.
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DESIGN DEVELOPMENT OF NEW PRONE CARTS

Pascal Malassigné, IDSA, Audrey L. Nelson, RN, Ph.D., Mark Cors, BFA, Sam Schnurr
Clement J. Zablocki VAMC, Milwaukee WI; Milwaukee Institute of Art & Design,
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ABSTRACT

Individuals with SCI who use a prone cart for mobility, have identified significant problems with
current models. Specifically, prone carts interfere with activities of daily living (ADL) and with
socialization. In addition prone carts lack adequate body support for comfort and safety. The
impetus for a new design came from a veteran with SCI from the Zablocki VAMC. He formulated
the idea of a prone cart with an articulated body support to improve comfort and safety. After
several years of development, several prototypes designed and evaluated along the way, a new
manual and a new powered prone cart are now ready for technology transfer. The new manual
prone cart features an angle adjustable torso support; a contoured body support; a padded front deck
with drink holder and elbow supports and a front pull-out storage drawer. The new powered prone
cart has, in addition to the above features a joy stick controller for turning, braking, forward and
reverse motion and two electric motors.

BACKGROUND

Once pressure sores develop, the patient must stay off affected areas until they are healed, in most
instances, precluding the use of a wheelchair. Prone carts provide an alternative to prolonged bed
immobilization for patients with ischial or sacral pressure ulcers who must lay on the side or in the
prone position. Current prone carts lack adequate body support for comfort and safety and prevent
their users from performing simple activities of daily living (ADL).

STATEMENT OF THE PROBLEM

The development of new a manual and powered prone cart designed to improve the quality of life of
individuals of their users was a compelling need.

RATIONALE

The idea for a new design came from a veteran with SCI, Mr. Emil (Sammy) Schnurr who has lived
on a prone cart for more than 20 years and his caregivers at the Zablocki VA SCI Center. In an
attempt to solve the problems associated with living on an horizontal cart, he formulated the idea for
an angled cart so that users could look-up in a comfortable and painless position. Mr. Schnurr was
in constant back pain from the elevated dorsal position he was assuming on his horizontal prone
cart.

DESIGN and DEVELOPMENT

A team of MIAD Industrial Design students was assigned to turn the angled cart concept into a
product. Working in collaboration with Sariny Schiturr, faculty and SCI clinicians, the students
developed concept drawings and made a 1/4 scale model of a new prone cart. In recognition for
their innovative design, an Award of Design Excellence was presented in 1993, by the Industrial
Designers Society of America. From the award winning design, a design team was formed to refine
the design and fabricate three carbon fiber prone cart prototypes. Named the SAMMY LS these
prone carts were fabricated at the Milwaukee Institute of Art & Design.
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The Sammy LS

front 3/4 view

The Sammy LS featured a carbon fiber structure, manual propulsion with an angle adjustable body
support hydraulically activated; a front deck with elbow rest; and a side pull-out storage.
Dimensions: Length: 142 cm -55.90"  Height: 89 cm - 35"

Wheel to wheel width: 65 cm - 25.60"  Wheel base: 95 cm -37.50"

Clinical evaluation: In addition to Mr. Schnurr who has lived on the first SAMMY LS since 1993,
the other prone carts were evaluated at the Milwaukee and Tampa VAMC's

Based upon users feed back the SAMMY LS was found to be ideally suited for amputees and short
individuals. Positive features: overall bold design; adjustable torso; contoured body support; front
deck with elbow rest; good access to public phone; counter tops, etc. Negative aspects: when used
by taller individuals, the cart was found difficult to propel because of rear weight displacement.
Finally if the body support angled downward it gave users a sliding sensation.

Manual prone cart

rear 3/4 view ' ! . ) ADL evaluation §

Based on the evaluation results of the SAMMY LS, it was decided to incorporate its best features
into the next versions of prone carts. Designed with a tubular steel frame to cut the high cost of
carbon fiber, the new of prone carts would be offered in two versions. A short version to
accommodate small to average sized individuals and a long version to accommodate tall individuals.

The features of the manual prone cart include: angled adjustable torso support, padded front deck for
elbow support, a front pull-out storage drawer, contoured body support, and a 38 mm frame that
forms an all around protective bumper including a foot guard.

Dimensions: Long version: 203 cm -79.90"  Short version: 178 cm -70”
Height: 76 cm - 29.90" Wheel to wheel width: 75 cm - 29.5" Wheel base: 106 cm - 42"

Propulsion: Manual with two composite 61 cm - 24" front wheels with 3.8 cm oversized hand-rims
and two 20 cm - 8" swivel casters in the back.
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Clinical evaluation: The new manual prone carts have been in clinical evaluation for a 24 month
period at the SCI centers of the Tampa and Milwaukee VAMC, the Medical College of Wisconsin and
in the community by numerous individuals with SCI. Positive features: overall pleasing design and
color; wide hand-rims; adjustable torso support and the contoured body support; front deck with
elbow rest; front pull-out drawer, overall height providing good access to public phone, counter tops,
etc. Negative aspects: users indicated the need to include rear view mirrors to better gauge their
motion going backwards.

Powered prone cart

5

¥ front 3/4 view — . - —— y e e gy ADL evaluatio ]

To respond to the need of individuals who have difficulties self-propelling, the manual cart frame
was redesigned to make a powered cart. The new powered prone cart is propelled by two electric
motors and is operated by a joystick controller unit that controls speed forward & reverse, turning
and braking.

Dimensions: Long version: 203 cm -80" Short version: 178 cm-70"
Height: 76 cm - 29.90" Wheel to wheel width: 77 cm - 30" Wheel base: 106 cm - 42"

Clinical evaluation: The new powered prone carts have been in clinical evaluation for a 12 month
period at the SCI centers of the Tampa and Milwaukee VAMC and in the community. Positive
features: overall pleasing design and color; torso and contoured body support; front deck with elbow
rest; front pull-out drawer, overall height providing good access to public phone, counter tops, etc.
Negative aspects: users indicated the need to include rear view mirrors to better gauge their
backwards motion and the need for power adjustment of the torso support.

DISCUSSION-TECHNOLOGY TRANSFER

This project clearly illustrated that a team effort between users, clinicians, designers and a
manufacturer, can lead to the successful design of new products. Final design changes reflecting
the suggestions made during clinical evaluation will be incorporated in the production prone carts to
be manufactured by Everest & Jennings.
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DESIGN OF A HIKING CARRIAGE
Elisha Rentfrow, John Carminati, Richmond Golobic, Robin Hein, Joshua Letvin
Mechanical Engineering Department
Colorado State University
Fort Collins, CO 80523
ABSTRACT

When active parents and children want to hike, accommodating equipment is scarce to
nonexistent. Thus, a carriage to support a child with cerebral palsy during a hiking venture was
pursued. Interviews, market and ergonomic studies, and a test model were used as the basis for the
optimized design solution. A functional prototype was detailed and built. The prototype was tested
on a basic level and was found to work successfully. In fact, the results were so remarkable that it
was concluded to be a great design for even able-bodied children,

BACKGROUND

There are many debilitating circumstances which confine children to wheelchairs and limit
their activities. A prominent example of this is cerebral palsy (CP), a symptom complex (1) caused
by brain damage that generally occurs at the fetal or newborn stage. Cerebral palsy leaves children
with motor symptoms that may include spastic paralysis, hypotonia, and epilepsy preventing them
from walking and performing fine motor skills (2). Annually, “5,000 babies and infants are
diagnosed” (1), and “about 1,500 preschool children acquire cerebral palsy through illness or
accident” (1). In addition to CP being a common disability, the design team had unique access to an
active family with a child diagnosed with CP. This yielded selecting cerebral palsy as the main
population target for this design project.

Recreational activities that are enjoyed by many of us can be stifled or inhibited in families
with CP-diagnosed children. Most outdoor activities are impractical with wheelchairs due to
incompatible terrain, especially in the mountains. A good example of this is the popular recreational
past time of hiking. Parents can enjoy this activity with their wheelchair-bound children by carrying
them in a child-carrying backpack until about four years of age. Once the child reaches about 40-50
pounds, the child is too heavy to continually lift out of the wheelchair and carry on one’s back. After
a child reaches this point, accommodating equipment for outdoor activities is scarce to nonexistent.
This resulted in the desire to design a new piece of recreational equipment to allow disabled children
the unique and exciting opportunity to go hiking with their families, who would also benefit from the
outdoor experience.

STATEMENT OF PROBLEM

The objective of this project was to design a hiking carriage for a 5-10 year old child with CP
that is suitable for single-track trails and is operable by one adult.
DEVELOPMENT

The hiking carriage design was intended to be helpful and fun for families to use, thus much
care was taken to clearly define the problem statement and understand the constraints that were part
of the design. The design team conducted interviews with a family with a five year old son with CP,
a physical therapist, manufacturers in the rehab design industry, and seating specialists. The results
from these interviews were used, in combination with the engineering background of the design
team, to develop a set of 15 design criteria, including quality guidelines and size restrictions. To
assure uniqueness of design and to affirm that there would be no infringement on someone’s rights,
market and patent searches were pursued throughout the project life. Furthermore, €rgonomic
principles were used to balance the functionality of the hiking carriage for the broadest range of
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people possible with not being everything to everyone (3). Design alternatives were then expanded
in thought and then evaluated. When the basic design was chosen, a test model was built. This
model was used for ergonomic studies, including safety and comfort issues. Finally, the actual hiking
carriage was designed in detail using engineering concepts and then built.

DISCUSSION

Figures: (1) overall side view of hiking carriage in the mountains, (2) the hiking carriage being used (note: the
child in the carriage is not the age intended for this design), and (3) the seat frame shown with the trailing arm
and suspension.

Design Solution

In general, the hiking carriage consists of a backpack, a drafting bar, a seat and two wheels,
as depicted in Figure 1. The hiking carriage is about 4 feet long from the wheel axle to the back of
the back pack and the seat bottom is about 20 inches off of the ground. Also, the hiking carriage
currently weighs only about 30 pounds, due to most parts being constructed of high strength
aluminum. The hiking carriage works very simply: the adult places the child into the seat and adjusts
the features to fit their needs and connects the lap and foot straps. Then the adult puts the backpack
on and adjusts the backpack straps to their desires. Finally, the adult can hike around pulling their
child behind them, as seen in Figure 2.

The seat was designed to accommodate our model child with the ability to adapt to other
children. Thus, the carriage has adjustable headrest and footrest heights and a pivoting knee angle.
Additionally, the basic posture encouraged by this design is 90°-90°-90°, which is generally desired
(4). However not everyone can use the 90°-90°-90° arrangement due to comfort levels, varying
amounts of kyphosis/lordosis, proneness to pressure sores, and other varying concerns. Therefore,
the fabric seat cover was designed to adjust size-wise for varying thigh and back lengths, as well as
to allow varying slack amounts for different posture needs by means of loosening a nylon cord
underneath the seat in the appropriate areas needed. ’ :

Another important feature of this design is the independent suspension system, which allows
the carriage to give the child a softer ride through the rough terrain. The basic suspension concept is
that of a supporting triangle, which begins with a trailing arm for each wheel, as seen in Figure 3.
Each trailing arm attaches to a pivoting joint behind the seat and hangs down from this joint at
approximately a 40 degree angle (from the bottom of the seat to the wheel hubs). Approximately 1-
1.5 inches up the swing arm from the hubs, a single coil spring over a shock damper is pin jointed
and is then pin jointed at the other end about 5 inches from the knee on the seat frame, completing
the supporting triangle.

The safety features implemented include brakes and quick-release backpack straps and lap
belt. Additionally, the center of gravity of the seat is near the wheel base giving the carriage high
stability to decrease the chances of tipping. Furthermore, wheel covers have been placed over the
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spokes to show that thought has been given to this important safety issue, but the full design could
not be implemented due to lack of funds.

Evaluation

Testing of the prototype was performed on various mountain terrain which included rocks,
stairs, ruts, tree roots, grades/ inclines, and corners. The carriage was pulled uphill, downhill, around
corners, and traversed across uneven ground (where one wheel was above the other). The results
from testing were very promising due to the high stability of the carriage. This stability was the
result of the well placed center of gravity and the independent wheel motion, which allowed the seat
to remain at a relatively constant height.

Turning was not a difficult task due to the relatively short drafting tube length, and the brakes
worked exceptionally well (even when tested at a running pace on a loose-gravel road). The wheel
covers were found to be essential for anyone riding in the carriage, as well as footrests to help brace
the child from falling forward. Although qualitative in nature, the various adults which pulled the
carriage stated that the carriage was surprisingly light to pull and that it felt like maybe 10-20 pounds
on their back. '

The weight of the carriage matched our expectations of a prototype, however future
optimizing could eliminate more weight and make it even lighter to pull. Further optimization would
also include manufacturing some parts in bulk which would decrease the cost and time to produce
the hiking carriage. The carriage prototype was produced for less than $600 and is estimated to be
marketed to the consumer for around $300.

The hiking carriage met the model family’s expectations and beyond. The hiking carriage,
once available to the consumer, will allow exercise for both the child (to learn to use some balance)
and for the parent. Additionally, it gives a family the ability to spend quality time in the outdoors
together, which may have a relaxing effect.
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ABSTRACT

Two new manual wheelchair pushrims were created to improve the fit of the hand to the
pushrim and to improve power transfer during propulsion. A concave trough and additional rim
concentrically inside the standard rim were added to create a larger surface area for gripping. High
friction vinyl coating was also added to the top and bottom portions of the rim while the outer side
was left uncovered. These two modifications improve the fit of the hand to the pushrim and can
improve power transfer to propel the wheelchair while decreasing direct trauma to the hands during
use. A second larger version of the pushrim was also created to yield a better fit for people with
large hands and quadriplegia. These new pushrims were designed to decrease potential for

development of repetitive strain injuries such as carpal tunnel syndrome over time.

EXPLANATION OF PROBLEM
Identification

The number of people in the world relying on manual wheelchairs for primary mobility has
grown significantly in the past few decades. It is a well-established fact that secondary injuries,
such as carpal tunnel syndrome (CTS), are very prevalent in regular manual wheelchair users
(MWUs). Many researchers have speculated that poor transfer of power to the wheelchair with
standard pushrims and overuse of the upper extremities are to blame for the high prevalence. While
several alternative propulsion devices have attempted to improve power transfer, few are well
accepted for a number of different reasons. This suggests that there is still a need for a well-
accepted propulsion-assist device for regular MWUs that can improve power transfer and possibly
reduce the chances of developing secondary injuries such as CTS.

Review of Related Work ‘

Many studies have been performed investigating wheelchair propulsion biomechanics and
secondary upper extremity injuries. From several studies conducted in our laboratory, we have
recently been able to relate CTS in MWUs to several propulsion biomechanical variables.(1,2) In
addition, several studies on CTS in the unimpaired working population have found that long term
exposure to high repetitious forces to the hand and wrist can cause CTS.(3) Since wheelchair
propulsion is an everyday activity for MWUs, the problem of overuse cannot be directly addressed
while using a manual wheelchair. Yet, changing propulsion technique, wheelchair setup, or the
interface between the user and their wheelchair can modify the biomechanics that we found to be
related to CTS.

Solution

Since propuision technique and wheeichair setup are distinguished early in the rehabilitation
process and rarely change over time, we felt redesigning the poor interface of standard pushrims
would be the best way to address injurious propulsion biomechanics. A study by Gaines et al found
that a group of MWUs preferred the use of contoured pushrims over standard rims in many
common activities.(4) Thus, we felt a new pushrim should be reshaped for better power transfer, be
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ERGONOMIC PUSHRIM DESIGN

simple and cheap to manufacture, be simple to attach to the wheelchair, and cause no changes in
overall wheelchair dimensions. More importantly, this new pushrim would have to be well received
in the MWU population, functional, and reduce the biomechanics that lead to secondary injuries.

METHODOLOGY BEHIND DESIGN

In terms of the wheelchair interface, we believed that the shape and size of standard
pushrims was largely to blame for injurious biomechanics in transferring power to the wheelchair.
In looking at standard pushrims, it becomes apparent that the tube diameter of these rims is too
small to allow complete grip between the palm of the hand and the fingers. This reduces the contact
- area between the hand and the pushrim and increases the forces transmitted to the delicate structures
of the hand. In addition, one’s inability to grip the pushrim with the entire palm and fingers reduces
mechanical efficiency by recruiting muscles for stabilization of the hand on the rim instead of
delivering power to the wheelchair. Thus, the shape of the new pushrims was redesigned to
eliminate these problems by offering a better fit between the hands and the wheelchair. Secondly,
vinyl coating was added to the top and bottom of the rim to improve grip while the side remained
smooth metal to allow breaking without causing trauma to the hands.

DESIGN DESCRIPTION

The shape and dual-surfaces of the new Small Ergonomic Pushrim are the two main
components of this design that make it unique and a much improved interface for delivery of power
to the wheelchair. The shape of the new pushrim includes the addition of a concave trough between
the standard pushrim and the side of the wheel and an added rim concentrically inside the standard
rim, as shown in Figure 1. These two components yield a gripping surface more contoured to the
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_ Figure 2: Hand Grip on New
Figure 1: 3D-Cutaway of Small Ergonomic Pushrim Design Small Ergonomic Pushrim

shape of the hand during propulsion, as shown in Figure 2. This is because the trough increases
surface area around the thumb while the combined standard and inner rims yield a larger contact
area for the palm while the fingers flex and grip the rim. The better fit and greater contact area
stabilize the hand on the rim and allow more power to be transferred with the improved grip.

To further enhance power transfer, vinyl coating was added to the top and underside of the
new rims as shown in Figure 1. The high-friction vinyl coating adds to the stabilization of the hand
on the rim, which can improve power transfer and reduce hand slipping. Yet, the outside portion of
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the rim was not coated to leave a smooth, metallic breaking surface to prevent trauma to the hand
caused by breaking on the high-friction surface.

Although the shape of the new pushrim was intended to contour under the hand, people with
large hands and quadriplegia may not be able to take advantage of this new shape because the rim is
too small. To address this, a second, larger pushrim of the same shape was developed. It is similar
to the Small Ergonomic Pushrim, but the standard and inner rims have a larger tube diameter and

the trough between the wheel and the rims is wider, as shown in Figure 3.
1.28" from side of tire
hrim

175" from side of tire

MARKETABILITY

One of the key factors that makes this new
pushrim marketable as an alternative propulsion assist e
device is that it can easily be placed on any manual din
wheelchair and presents very little change to the
wheelchair aesthetics and accessibility. Moreover,
individuals will benefit from an improved grip with
the high-friction vinyl coating and contoured shape of Smalt Ergonomic Pushrim Large Ergonomie Pushrim
the rim without the disadvantage of trauma to the Pestios to Sl Evgonomne Pasbm
hands during everyday use. Although redesigning wheelchair pushrims is not a new concept, one
particular advantage of this new design is 