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Accessibility and 
Computing 

The Newsletter of ACM SIGACCESS 
NUMBER 84, January 2006 

A note from the Editor 
Dear SIGACCESS member: 

 

Welcome to the third on-line issue of the SIGACCESS Newsletter and another special 
issue. I had hoped to make this issue about designing for users with low vision as this a 
topic that receives comparatively little attention in the research community. However, 
after a great deal of hunting around for suitable work to report on, I succeeded in securing 
only two articles, reflecting the general lack of research effort in this area.  

The remainder of the articles in this issue are the accepted papers from the ASSETS 2005 
Doctoral Consortium.  

As editor of the Newsletter, I welcome offers to guest edit similar special issues or else 
suggestions of topics that readers would like to see addressed. If you have any 
suggestions about this or indeed any comments about the newsletters generally, please e-
mail me at: editors_SIGACCESS@acm.org 

About this issue 
The first paper in this issue is “A Personal Information Management approach for people 
with low vision or blindness” by Silas Brown and Peter Robinson. In this paper, the 
authors discuss a new conceptual approach to organising information, supporting the 
simultaneous management of multiple information excerpts.  

Wayne Dick’s paper, “Using cascading style sheets to accommodate websites for 
individuals with low vision” is the second of the two papers addressing the needs of low 
vision users. He examines how such users can customise their browsers to make web 
pages easier to read. 

Moving on to the papers from the ASSETS 2005 Doctoral Consortium, Julie Jacko (the 
chair of the Consortium) provides an introduction to the Consortium and papers in her 
“ASSETS 2005 Doctoral Consortium Overview”. 
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Miguel Alonso describes an advanced method of compensating for specific vision 
impairments in his paper, “A method for enhancing digital information displayed to 
computer users with visual refractive errors via spatial and spectral based processing.” 

In her paper, “Accessibility and usability guidelines for mobile devices in home health 
monitoring,” Rita Hubert addresses the issue that mobile devices have a significant role 
to play in telemedicine, but also present usability and accessibility challenges for older 
adults.  

The paper by Kanav Kahol and Sethuraman Panchanathan, “Distal object perception 
through haptic user interfaces for individuals who are blind” investigates the challenges 
surrounding the remote exploration of an unknown space through a haptic interface.  

Peter Parente’ s paper, “Clique: A conversant, task-based audio display for GUI 
applications” looks at converting graphical applications into auditory ones by providing 
auditory descriptions of the underlying task, rather than a simple auditory rendering of 
the graphical elements.  

The paper, “Using functional assessment to improve information systems research, 
design and technology matching,” by Kathleen Price examines the role of user capability 
profiles in the development and provision of technology.  

“Storytelling with a virtual peer as an intervention for children with autism,” written by 
Andrea Tartaro, looks at the development of Sam, a virtual character, who is designed to 
help develop communication skills in children with autism.  

Ted Wattenberg’s paper, “Accessibility heuristics utilizing learnability characteristics of 
synthesized speech applications,” investigates screen-readers and methods for improving 
their learnability. 

Wrapping up the Doctoral Consortium papers, Jacob Wobbrock writes about the 
development of the EdgeWrite input system in “A robust design for accessible text 
entry.” 

And finally… 
Just a reminder that the call for ASSETS 2006 is now available at: 

 

http://www.acm.org/sigaccess/assets06/ 

 

 

Simeon Keates 
Newsletter Editor 
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A personal information management approach for 
people with low vision or blindness 

Silas S. Brown and Peter Robinson 
University of Cambridge Computer Laboratory 

15 J.J. Thompson Avenue, Cambridge. CB3 0FD, UK 

E-mail: {Silas.Brown,Peter.Robinson}@cl.cam.ac.uk 

Abstract 
A method and tool is presented that extends a word-processor so as to assist with 
organising personal notes and other information. It is usable by people who are blind or 
who have low vision, as well as by others, on a small display. The basic principle is to 
allow the user to annotate parts of the text with labels and then group together any parts 
of the text that have the same label. The tool was prototyped using the 4DML 
transformation system, was experimentally evaluated, and refinements are reported on. 

Introduction 
People write notes about their plans, contacts and other information to make up for 
limitation in their own memories. Designers and writers are also likely to have notes 
about their creative ideas. Many who are proficient with computers choose to enter their 
notes into a computer because of the ease with which they can be stored, copied, changed 
and organised. People with disabilities that impede their handwriting may also choose to 
make notes electronically. 

Reviewing large amounts of notes can be unwieldy if they are not well-organised. 
However, the taking of notes is often done in haste, which does not facilitate good 
organisation, and the later re-organisation of notes takes time and effort even on a 
computer. 

Both the reviewing and the re-organising of notes are made much easier if they can be 
spread out across a large display space. However, most computers limit the amount of 
display space, and hence less information can be displayed at any one time. This is 
particularly relevant when large print, speech or Braille must be used, either in order to 
overcome a disability or in order to overcome a situational restriction, and it is also the 
case when restrictive, smaller than usual displays are being used. Conventional time-
management software does not address that problem; moving notes around can be a 
lengthy task even with the aid of user-interface macros, because of the excessive time 
that must be spent navigating around the notes, and perhaps also navigating around the 
software functionality. 

This paper investigates an alternative approach to organisation that can be used both in 
ideal circumstances, when adequate display space is available and a user is not limited by 
disabilities or other special requirements, and in restrictive circumstances, when display 
space is unusually small or the user requires very large print or other media that limits the 
amount of information that can be simultaneously presented. 
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Related work 
Portable electronic organisers aimed at totally blind people have been produced and sold 
commercially for some time. The earliest was probably Robotron Sensory Tools†Eureka 
A4, which has since been superseded by the Aria personal digital assistant; both have 
Braille-based input devices and speech output [8]. Blazie Engineering (a division of 
Freedom Scientific) produce a similar product called Braille ’n Speak. Another product 
of Blazie, BrailleLite (Figure 1), also features a refreshable Braille display for output, as 
does the BrailleNote organiser which is sold by Pulse Data. These products are expensive 
(the typical price for a BrailleLite is currently $6000 and it is notoriously fragile); also 
they are not usable by people who have not learned to type in Braille (which includes 
many blind people as well as the much larger numbers of people with low vision), and 
they do little to alleviate the navigation problem. 

 
 Figure 1: BrailleLite, a Braille-based note-taking device (photo: Hans Schou) 

Other product designers have chosen to use voice for input and allow the user to organise 
voice recordings, producing what is effectively a portable dictation machine with added 
organisation features. Examples of this are the Parrot Voice Mate, which resembles a 
mobile telephone in appearance [5], and the “I.M.P.” marketed by Voice Diary Inc. [9]. 
These devices are capable of recording arbitrary sound, and then navigating around it 
under the control of special-purpose controls on the device. Stifelman et al [7] extended 
this idea by using speech recognition for the navigation. However, all of these devices 
have their limitations: Re-organising an existing collection of notes requires excessive 
work (in the case of Stifelman et al’s project, it does not appear to be possible at all); the 
devices cannot be used for input when silence is required (although headphone output is 
possible), and because the information is stored as a sound signal rather than in textual 
form, it is difficult for the device to exchange information with a word-processor or other 
text-based repository. These devices can be useful in some situations for keeping track of 
small quantities of notes, but their limitations often prevent their use with larger amounts 
of information. 

Navigation on restrictive displays 
Organising notes on a restrictive display that is unable to show significant amounts of the 
notes at a time, either because of low vision or because of restrictive hardware or both, is 



Page 5 

a different process from organising notes when everything is visible, because in the 
former case there is much more navigation involved. 

There are several factors that make conventional personal information management 
software more difficult to use for people with low vision. Watts-Perotti and Woods [10] 
show that, in any application, when the amount of data that has to be displayed is 
significantly greater than what will fit on the display, users have to navigate around the 
data and can “get lost”. The use of screen magnification, speech, Braille, or any other 
output method that cannot display as much information simultaneously as the software 
designer expected, can accentuate this problem, as can the use of unusually large font 
sizes that the designers did not anticipate. Large text implies that less of it can be fitted 
into a given area. If the layout is not flexible then it will require such things as laborious 
horizontal scrolling; if it is flexible then it may still require extensive navigation, much of 
which may be unnecessary because the layout is really designed for smaller font sizes. 

Even if the layout is flexible, some screen-layout algorithms can fail to produce a 
readable layout when given the extreme constraints that very-large print presents; they 
have a maximum font-size-to-available-area ratio beyond which they break down. This 
can be demonstrated by viewing a website with frames and tables on a low-resolution 
screen at the largest font setting. Because of this layout problem, the programmers of 
Microsoft Windows XP decided to make most dialog boxes exempt from the font size 
requirements imposed by the accessibility-related “high contrast mode” and this is one 
reason why Windows applications can be inaccessible without adaptations. 

An observation from a writer 
It is instructive to consider the thoughts of modern literary writers who wish to organise 
their unfinished book manuscripts and who are familiar with computers. They have a 
similar problem as the users who wish to organise notes on restrictive displays – the 
amount of information that is being organised is much larger than can be displayed at one 
time, and hence navigation is needed. In the case of authors, this is not necessarily 
because of low vision or unusually restrictive display hardware, but because the amount 
of text they are dealing with (an entire book) is so large. However, the problem is similar 
in many respects. 

In 1990, science-fiction writer Robert J. Sawyer wrote an essay entitled “A Writer’s 
Word Processor” [6] in which he defended the use of WordStar for DOS in creative 
composition. His observations about how he and other authors reorganise their written 
ideas during the writing process is useful for anyone implementing a notes organisation 
system, especially if it must cope with navigation around data that is much larger than the 
display. Sawyer makes a distinction between the “typewritten page” metaphor of most 
word-processors and the “long-hand manuscript page” metaphor that many writers prefer 
to work with. After observing that “typing is a top-down, linear process, not at all 
conducive to the intuitive, leaping-here-and-there kind of thought human beings are good 
at,” Sawyer goes on to explain that the strength of the long-hand page metaphor is its 
support for many concurrent editing operations to be in intermediate states at any one 
time: 

“ The typewritten-page metaphor is a machine-in-control situation: you 
must do what the machine wants you to do. Block marking is a perfect 
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example. In WordPerfect, if I want to mark a block, I am forced to think 
through a serial sequence of steps, and execute them in turn. Now, that’s 
fine for straight secretarial work, but when one is creating at the keyboard, 
one wants to capture the most fleeting of thoughts, the most complex of 
ideas, before they evaporate into the ether, lost for good. The human-
machine interface must let me stop and get a thought down, not force me 
to hang on until the computer is ready for me to go back to thinking. 

WordStar, with its long-hand-page metaphor, says, “Hey, do whatever you 
want whenever you want to. This is a good spot to mark the beginning of a 
block? Fine. What would you like to do next? Deal with the block? 
Continue writing? Use the thesaurus?”  

After another half hour of writing, I can say, “Aha! This is where I want to 
end that block.” And two hours later I can say, “And this is where that 
block should go.” I’m in control, not the program. That’s clearly more 
powerful, more intuitive, and more flexible than any other method of text 
manipulation I’ve yet seen implemented in a word processor. That 
WordStar lets me have separate marked blocks in each of its editing 
windows multiplies that power substantially: imagine doing a cut and 
paste job between two versions of a paper document, but being told that 
you could only have one piece cut out at a time. Madness! Yet that’s what 
WordPerfect, Microsoft Word, and others would force you to do. ” 

However, WordStar requires extensive learning before it can be used to its full 
functionality, and it is not available on every kind of device used by people with low 
vision. Moreover, the presence of too many incomplete editing operations can cause a 
degree of cognitive overload if they are not clearly labelled; Henney alludes to this in his 
article on the software design pattern of “stable intermediate forms” [4] and it is 
especially true if the user is multitasking between editing and some other task, as will be 
the case if the user is utilising “dead time” (short periods of waiting time during 
travelling and other activities) for organisation. Hence an ideal organisation system will 
not only support multiple incomplete operations that do not interfere with each other but 
will also ensure that all intermediate states are valid and usable. 

Organising notes from a word-processor 
We have designed and implemented a new organisation tool that can be used from within 
a simple word-processor. Most word-processing and similar software allows the print size 
to be increased, and many programs allow the colours, style of text, and other typesetting 
parameters to be adjusted. This is helpful to both partially-sighted and dyslexic people 
[3]. Moreover, increasing the print size on a word-processor, as opposed to a specialised 
personal information management system, is less likely to cause layout problems, 
because the layout of a word-processor can be made to be very simple and able to cope 
with any font size that will fit on the display. Word-processors are also available on the 
numerous commercially-available computers that are small enough to fit in one’s pocket, 
hence allowing the taking and reviewing of notes almost anywhere. Most of these can be 
linked to a desktop computer allowing information to be transferred when necessary. 
These mobile devices can be used by people with moderate print disabilities provided 
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that the input method is suitable (a good-quality physical keyboard is generally best), the 
software can be made to display in large print (or at least to put the essential parts of the 
display in large print), and the device can be given adequate physical protection if 
accidents are expected. 

A common method of organising notes is to group them into a small number of 
categories, each of which may have further divisions into categories; usually the broad 
grouping is done first and the finer grouping later. Conventionally this is done by moving 
or copying the text from one place to another, which can be time-consuming due to the 
overhead of navigation. An alternative is to leave the text where it is and to add labels to 
it as brief markup; once the labelling at each level has been completed, software can be 
invoked to automatically regroup the text according to the labels. 

Our system uses a word-processor to edit the labelled text. Any of the symbols available 
in the word-processor can be reserved for use as an indicator that the next word is a label; 
that label will specify the category of all text that follows it, up to the next label. For 
example, in the following input, the symbol à (which has been made available using one 
key-press) has been reserved to indicate that the next word is a label: 

 
×hcii some notes about the conference 

more notes about the conference 

×town something to do when in town 

×later a low-priority thought 

×hcii even more notes about the conference 

 

A function is available to take the word-processor’s text and group together any parts of 
it that have the same label. Thus the system will reorganise the above example into the 
following output: 

 
×hcii some notes about the conference 

more notes about the conference 

even more notes about the conference 

×town something to do when in town 

×later a low-priority thought  

 

This re-organisation can be triggered by using one key-press to invoke an appropriate 
macro. Since the output is also a valid input, the user can perform the organisation task 
incrementally and the re-organisation function can be invoked at any time on a partially-
finished document. From the user’s point of view, the system is simply a word-processor 
with an additional “put it into order” function. After this function has been invoked, the 
user can find a particular category by performing a single search operation. 
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This re-organisation system is called “notesorg” (short for Notes Organiser), to reflect the 
fact that category names are often written as lower-case abbreviations so as to facilitate 
typing them repeatedly. 

Use of 4DML 
The re-organisation function was prototyped using the 4DML transformation system. The 
workings and benefits of 4DML have previously been published elsewhere [2, 1]; we 
now show that 4DML can be applied to this problem. By adding a suitable header to the 
wordprocessor’s text, it can be made to be valid input in 4DML’s Matrix Markup 
Language (MML), with the reserved “labelling” character as one of the separators: 

 
!block have newline as item 

special: × switches category 

 

×hcii some notes about the conference 

… 

 

The 4DML transformation utility will then parse the input, marking it up with elements 
as appropriate and grouping them by category. An appropriate 4DML model will cause it 
to format the output as desired, outputting one category at a time. 

The advantage of using the 4DML approach is that different models can be experimented 
with to show the notes in different forms. For example, the notes can be output with 
HTML markup, with links between the different sections for browsing, or they can be 
output with TeX markup for typesetting. Moreover, sometimes notes are categorised on 
several dimensions such as project, priority, time-scale, location, or needed resources; in 
this case the model can be adjusted to group by any of these categories, transposing the 
structure as necessary, although this is rarely needed in practice. 

The 4DML prototype was ported to run on a mobile device (Figure 2) and this method 
was effectively used to organise a large amount of personal notes in large print on that 
device, with the text editor displaying 4 lines of 20-25 characters at a time. The same 
functionality was also available on a desktop PC, and it was made available over the 
World Wide Web by using a simple form with a large text box and a submit button that 
causes the re-organisation to be effected (however this last mode of access can cause 
privacy concerns if the server is untrusted and the notes are confidential). 
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 Figure 2: Working with notesorg on a mobile device’s wordprocessor (actual size 14cm 

x 12cm) 

Because 4DML ran quite slowly on the mobile device, the prototype was later re-
implemented in lower level code. However, it had still been useful to employ 4DML in 
the design stage when different approaches were being experimented with, since this 
could be achieved without excessive coding overhead. 

Experimental evaluation and refinement 
A group email discussion was held with 12 visually-impaired people, 10 of whom were 
totally blind and 2 had some sight. Before being told of the existence of our system, all 
participants were asked to explain what strategies they already had for keeping their notes 
organised. All agreed that organising notes was a problem. Reported strategies included 
avoiding the use of notes and relying on one’s own memory, taking on fewer tasks so that 
fewer notes were needed, and employing a sighted helper to do the work. Two older 
individuals maintained that the best solution was to emboss Braille manually into a ring-
binder which allows its pages to be re-ordered, but they were concerned about the fact 
that an increasing number of young blind people are not being adequately trained in 
Braille reading and writing and will not be able to do this in future. 

Those that had tried to use time-management software on non-visual electronic 
organisers such as BrailleLite described it as “too complicated” and the lack of the ability 
to synchronise with a desktop computer was also identified as a problem. A recurring 
problem was that circumstances often precluded the use of the software as intended. For 
example, the user wishes to quickly enter some notes which are not related to any 
appointment, but the software is ready to accept timed appointments, and switching 
modes is too complex given that the notes must be taken quickly, so the notes are entered 
as timed appointments, hence introducing a daily task of moving them around, which is a 
lengthy process when the user has little or no sight and the designer did not anticipate 
such misuse. 

The participants were then asked to try our new system. For a realistic evaluation it is 
necessary to allow users to organise their own notes, but this makes it difficult to measure 
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the system’s effectiveness quantitatively due to privacy concerns. However, feedback 
was very positive and some users began to use it regularly. 

One user was bothered by the new system’s inability to issue alarms at specific times and 
so still uses his PDA’s time management software for timed, alarmed appointments, but 
the fact that he uses the new system for everything else means the use of the previous 
time management software is significantly simpler due to the reduced amount of non-
timed information that must be navigated through in the process. Sometimes he combines 
the two systems by creating a category that is for his attention at a specific time in the 
future and then setting an alarm to remind him to look at that category. 

The most useful result of the evaluation is the refinements that were suggested as a result 
of long-term use. The following refinements were implemented: 

• Generating a list of categories at the top of the output for a brief overview (in 
order to fit more onto a small screen, they were all listed in one paragraph);  

• Accepting an alternative form of markup for re-categorising only one line without 
affecting subsequent text, so that an item can be re-categorised after being found 
in a search, and new notes can be recorded more quickly while in the process of 
organising other notes (we implemented this by accepting two successive 
instances of the special labelling character as indicating that the label applies only 
to the current line);  

• Using a special category to specify, at any time, partial instructions about which 
categories to place first and in which order (these instructions are preserved across 
the organisation so as to support incremental organisation), to save having to 
navigate to the top of the file and create the categories in the correct order with 
empty items then navigate back;  

• Specifying that any categories which are numbers (1, 2, etc) are always moved to 
the top and placed in numerical order, to support the rapid indication of high-
priority tasks;  

• Specifying that a category called ‘0’ will automatically be renumbered to ‘1’ and 
will cause all other numerical categories to increase by 1, to support situations 
where the user thought he or she was dealing with the highest priority tasks but 
then found something higher;  

• Supporting these numerical conventions within the context of named categories 
also, so for example categories called “morning1”, “morning2” etc will be 
relocated to occur immediately prior to any category called “morning”; if there is 
a “morning0” then the above renumbering also applies. However, in the special 
case when there is no “morning1” or there is a discontinuity in the numbering, the 
higher numbers will be located after the unnumbered category, to support 
particularly low-priority information. 

Regular users considered that the version with these refinements was an improvement on 
the first version. The refinements are “orthogonal” in the sense that it is not necessary for 
a user to learn them before starting to use the system. In each case, the aim was to 
provide simple functionality that will not add undue cognitive load to the organisation 
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task. Any erroneous markup is simply left alone and this does not stop the rest of the file 
from being processed. 

Additionally, it was found that users who generated more categories than could be listed 
in one or two pages on the small screen or a few seconds of speech at the user’s preferred 
speech rate, would tend to want to reduce the number of categories in their “working set”, 
for example by saving the ones that will not be used for some time to a separate file for 
re-insertion at a later date, by merging some categories together, by rendering some 
obsolete and deleting them, or by filing longer-term notes in another system. This is 
probably due to the nature of short-term memory when dealing with the categories. 
However, the frequency with which this happened was reported as being much less than 
the frequency with which the users became frustrated with their previous time-
management software (for those who had been using such software) and the method of 
resolving the problem was simpler. 

Conclusion 
We have described a tool to assist with the organisation of personal notes from within a 
word-processor. The method is usable with restrictive displays and can be used by people 
with low vision, blindness, or temporary situationally-induced impairments. 
Comparatively little training is required. 

Further work could include the development of tools that use variations on this method to 
assist with such activities as managing the code in a large software project, managing the 
files on a disk, managing one’s email or other messages, or even managing non-textual 
information such as audio, images or video. It can already be used as an aid to organising 
essays and papers. Additionally, perhaps fully-sighted people will eventually wish to re-
organise their notes on ever smaller devices, such as mobile phones and wristwatches, 
especially if the disorganised text has already been input elsewhere. 

Regrettably, the “Psion” range of pocket computers that were used in this experiment is 
no longer being produced. The newer pocket devices have poorer keyboards or are pen-
based, which is difficult for those who cannot write quickly. They also tend to utilise 
displays with reduced contrast and fonts that cannot always be made larger, and they 
have shorter battery life and are more expensive and fragile. It is hoped that these issues 
will be addressed by manufacturers in the future. 
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Using cascading style sheets to accommodate websites 
for individuals with low vision 

Wayne E. Dick, PhD. 
Dept. of Computer Engineering and Computer Science 

California State University, Long Beach, CA 

E-mail: wed@csulb.edu 

Abstract 
The Web Community tolerates bad markup for visual effect even when the practice 
excludes partially sighted users. This paper describes a two-phase process to recondition 
websites: deconstruction and building a new skin. It uses cascading style sheets. 
Deconstruction replaces developer styles with good defaults for partially sighted users. 
Building a new skin customizes the site for individual preferences. It adjusts font size, 
font family, color configuration, line height, word spacing and letter spacing. Its styles 
for lists and tables aid navigation. The process works best on sites that conform to W3C 
standards. Even marginal sites can be transformed so that the new interface is pleasant so 
long as the site developer does not misuse markup too aggressively. 

Style bias on the Web 
Web culture is visually dominant. While there are laws and strong moral reasons to 
address the needs of individuals with no vision or limited vision, the reality is that web 
culture tolerates improper use of web languages to achieve visual goals. This is true even 
if the misuse of web technology excludes many or all individuals with limited vision. 
Even well structured web sites plan little for blind or partially sighted readers. The non-
visual subculture is simply unimportant. 

This problem is exacerbated by a real confusion as to purpose of the web. Is it a medium 
for branding or conveyance of information? When a site considers branding its primary 
goal, then development skews toward graphical design. The development emphasis 
centers on making the site visually exciting and enticing. For a commercial site selling 
products, this might be appropriate. However, even corporate sites can suffer from 
burying services and sales transactions behind graphically attractive but functionally 
questionable interfaces. All too often, universities and public agencies feel the pressure to 
brand their agency first and relegate dissemination of information to a secondary status. 

Given the normal challenges of reading with limited vision, partially sighted users can 
find sorting through marketing to find useful content overwhelming. The web that results 
from this visually dominant, brand driven culture is a platform that grossly under serves 
individuals with limited vision. 

Creating an alternative view 
This paper will describe how to recondition websites, so individuals with low vision can 
use them. This transformation use cascading style sheets exclusively. Depending on the 
degree of language misuse by the author, the style sheets will be more or less successful. 
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Pages that entangle too much presentation detail within the document structure will be 
impervious to the transformations. Sites that obey the latest HTML 4.01 or XHTML 1.0 
strict standards or come close will become good user input for individuals with low 
vision. Even sites with presentations that are marginally usable, painful or even 
nauseating to individuals with low vision can be transformed so the interface is usable 
and even pleasant, so long as the site developers did not misuse markup language too 
aggressively. 

There are some basic transformations needed by users with low vision. These include 
some combination of larger print, expanded spacing and control over font family and 
color [3]. Moreover, enlargement cannot be simple-minded zoom technology. It must 
wrap gracefully like a well-behaved word processor. Horizontal scrolling should only be 
necessary to move from column to column, not to navigate within one column. The page 
must use limited space wisely, and provide visible cues for traversal. Finally, and most 
important, the transformation for the individual with low vision must fit the users needs 
exactly. Thus, the user of a customized style sheet must be in total control of the style 
choices used to achieve their solution. 

The style sheets presented here focus only on the video display, not print on paper. Print 
on paper is an inflexible medium that can trap partially sighted users into accepting a sub 
standard accommodation. This paper also does not consider aural or tactile modes of 
presentation. Both of these media formats have been the focus of considerably more 
research and development. 

There are two phases of building an accommodating style sheet. The first is 
deconstruction. In this phase the original developer’s style settings are overwritten with 
reasonable defaults for the user. The second phase is building the new skin, making the 
site pleasant and usable for the individual reader with low vision. These will be discussed 
in sections III and IV below. 

Related development and research 
While considerable effort has gone into developing aural interfaces and Braille access for 
the blind, relatively little software development has addressed the needs of individuals 
with low vision. Most assistive devices for this group focus on zoom technology, simple 
linear magnification. 

To date only one product address the issue of intelligent enlargement effectively, 
WebAdapt2Me, released by IBM [3]. This product not only provides intelligent 
enlargement, good word wrapping with full webpage linearization as needed, it addresses 
the issue of adjustable spacing, color and font family. The internals of WebAdapt2Me do 
not rely on style sheets, but instead rely on manipulation of the markup using the 
Document Object Model. This gives the product much more control over output than a 
simple style sheet approach does, but it pays a price in performance. 

Style sheets have been used by Silas Brown [1] to enlarge print in websites, and to 
rationalize the page presentation. These style sheets can be produced dynamically using a 
simple web based user interface provided by the author. The author provides little choice 
of color control. These pages do not offer spacing or font family as a choice, although 
this could be added easily. This site is an excellent resource for low vision users. 
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Clark [2] gives a good requirements analysis and guidelines for writing accommodating 
style sheets for individual sites. His paper is directed at developers. The World Wide 
Web Consortium points out those strategies that require extra coding by developers run 
the risk of being ignored [4]. 

The style sheets described in this paper target Internet Explorer level 6.0. They are only 
written for one user, the author. Nevertheless, they demonstrate some methodologies that 
can be generalized and are not present in other solutions. The concept of a formal 
deconstruction of the developer’s original intent prior to applying a new skin appears to 
be new. Also, the use of new typography to meet the reading needs experienced by 
readers with limited space also appears to be new to the area of accessibility. Most 
authors of enlargement tools tend to enlarge HTML elements in a uniform way. This is 
not the case with the new skins presented here. 

Deconstruction 
Originally, this author wanted to preserve as much of the original page style as possible. 
After studying several websites it became clear that the style preferences of the visually 
dominant culture are just too incompatible with the style needs of the sub-culture with 
low vision. Even well structured pages developed for the dominant culture adhere to a 
different set of visual needs and expectations. Reluctantly and with some guilt this author 
decided that the style intent of visually oriented site developers needed to be nullified 
completely. This process is called deconstruction because it replaces the style 
conventions of the dominant culture with style needs of a subculture. 

This process sets reasonable baselines for all HTML video display elements and their 
style properties. For example, it is necessary to disable all property settings tied to 
different "class" and "id" parameters for the same HTML element. While "class" 
and "id" attributes are used for creating the visually rich appearance that is required by 
graphic designers, they usually leave the page confusing and often unpleasant to the 
reader with low vision. 

These are the basic guidelines for deconstruction. 

• A few defaults may be set for all HTML elements. These include most font, text 
and spacing properties. So, the CSS 2 Standard wild card construct, “ * {…},” 
can be used for these properties with no ill effect. Defaults can always be 
overridden for special elements by declaring them later in the style sheet. 

• Elements that have text in their body, can be grouped together for default 
assignments. These include paragraph, table, list, body, frame and frameset 
elements. Grouping elements like div and span, also fall in this category. They 
all need word wrapping, readable font size, a clear font family, and a uniform 
alignment. The best font sizes for these elements are adjustable: “em” scale size. 

• Block elements need to have the simplest possible visual layout. This usually 
requires the “position: static” setting and “float: none”. This 
renders linear pages as much as possible. Allowing objects to float right or left 
usually does not leave enough space for large print text. Most block elements 
should have their dimensions set automatically using the “auto” value for width 
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and height. Images and buttons are important exceptions. The author’s sizes 
should be passed through. 

• Anchors are an isolated case. Their usage in the general page typography tends to 
demand fixed font sizes. 

• Forms and their input/output sub elements also require special care. They must 
stand out and function correctly. One bad side effect of enlargement is that it can 
expand vital controls right off the web page. As in the case of anchors, fixed font 
size defaults tend to work best. Forms that are bound within fixed width frames 
may be impossible to enlarge without loss of usability. (This author actually 
maintains many style sheets to accommodate pathological web sites. One special 
style sheet sets the font size for forms to the Windows default. The “overflow: 
auto !important;” command can help.) 

• Headers do not have defaults. The styles of headers are style decisions for the new 
skin. 

• Preformatted blocks need fixed font sizes as defaults. It is best to choose the 
smallest readable font size so that most lines can fit on a screen. For some word 
wrapping set the white-space property to “pre-wrap”. 

• The information type elements like emphasis, bold, code etc. are part of the new 
skin. 

The new Skin 

General principles 
The style sheets presented here have been customized to fit the visual needs of one 
person, the author. A full solution would require a user interface that enables customized 
selection of style by end users. Even this first attempt at custom style sheets for just one 
user was sufficient to reveal that one style configuration does not suffice for all 
situations. This author has between ten and twenty custom style sheets to meet all reading 
contingencies. So, a full solution to customized style for users with low vision also 
requires the ability to change styles dynamically to accommodate different reading 
environments. 

Independence of presentation from structure in documents permits this flexibility. It 
allows almost limitlessness style manipulation as well as the ability to dynamically 
change the acculturation for each user and reading environment. 

My Skin 

Color, font, size and spacing 
I live with low vision caused by prenatal damage to my central retinas. That means I need 
some strict conditions met on the basic parameters of style to read. I shift the basic screen 
color setting, from standard black text on white background, to black text on a tan 
background (red = 187, green = 153, blue = 102 in the CSS 2.1 RGB color settings). I 
strongly prefer sans serif fonts to serif. Tahoma is my favorite. I widen all possible 
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spacing: letter, word and line. The best enlargement of text for me lies in the range 
between 200% and 500% of 12 point font. I can live with 150% for short stretches, but 
when I’m tired 600% is best. Note that if any of these conditions are missing, color, font, 
spacing or size, I loose the ability to read long passages. One page is my limit before I 
start to hurt and feel sick. Warning: Just because this combination works for one person 
with central retina damage do not go out and declare this setting to be the optimum for 
individuals with low vision caused by central retina damage. I have friends with almost 
identical physiological damage who cannot abide with my setup. Style settings are very 
personal, and low vision marginalizes a reader’s ability so much that any shift away from 
a personal optimum setting can render visual reading impractical. 

Alternative adjustments enabled by separation of presentation from 
content 
Markup language inserts markers directly into textural and graphical content to indicate 
the structure of a document. This parsing markup identifies the intended use of text and 
graphics within the document. For example, there are several levels of headers to denote 
the relative importance of sections. Also, basic content can be organized into paragraphs, 
lists or tables. Associated with markup files are style files. These files direct the rendering 
of markup elements for users. There can be many style files applied to the same markup 
file. This permits numerous intelligent renderings of the same content depending on the 
needs and preferences of the perceiver. This organization of document files is the basis of 
the World Wide Web Consortium’s principle: separation of structure from presentation. It 
enables graceful transformations from an original medium and style to an unexpected 
medium and style. The same style sheets I use to rationalize the visual web to meet my 
personal needs can be used to make web pages present more rationally on a PDA. It 
permits a truly new skin to the same content. 

Here are some features that work for this author: 

• Headings are important semantic markers in a document. However, they convey 
far less information than the actual text. The visually oriented tradition makes 
headers larger than the text body because it makes them stand out visually and 
physically separates different sections of a document. This author appreciates the 
functionality, but when print is enlarged by a factor of four, larger headers are a 
waste of precious space. The solution is to make them smaller than the text. They 
still stand out from the rest of the page and provide physical breaks, but they 
waste no space. 

• Lists are also problematic because they use indentation as a means of visual 
distinction. Multiple level lists employ multiple indentations. In the large print 
world, with wider than normal spacing indentation is costly in terms of space. My 
solution for this problem is to keep indentation but mark each list with a visible 
left border and force the width of each list item to a fixed size that is less than one 
screen width. This allows the reader to scroll horizontally to the left border of a 
list and then read the list easily with simple vertical scrolling to the end. If a 
nested sub list occurs then the reader only needs to align the sub list’s left border 
with the left border of the screen to read the sub list. To go back to a parent list 
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from a sub list, just scroll horizontally left until the left border of the parent aligns 
with the left boundary of the screen. Then proceed reading the parent. 

• Tables are probably the most difficult elements. I have found that table cells 
containing text can never be allowed to exceed the width of a screen. Otherwise 
horizontal scrolling within paragraphs is necessary, and reading becomes 
impractical. I find visible boundaries useful for traversing tables. Making the 
boundaries of tables distinct from cells also helps with navigation. This author can 
see color, so different colors help me. Other boundary differences work for 
readers who prefer grey scales. 

• Boundaries can improve usability considerable. I create visible boundaries for 
paragraphs, headers and pre formatted blocks as well as table cells. 

• If one can see it, color is a great tool. It permits visual distinction at a distance. I 
place my headers in a slightly different background than the rest of the text. Of all 
the style choices this is the most personal. So, use color with care. What is 
pleasant to one reader can nauseate another. 

Peculiarities of Internet Explorer 
All user agents have their quirks. Mozilla makes it difficult to change style sheets 
dynamically. Internet Explorer has more trouble than most user agents enlarging text 
effectively. Internet Explorer permits dynamic changing of style sheets and it allows the 
user style sheet to override the author’s style settings without the use of the 
“!important” parameter for some properties. Here are some important things to note 
when developing style sheets for Internet Explorer. 

• The max-width and max-height parameters do not work. So to control the width 
of table cells and list items one must place fixed numeric widths on “td” and 
“li” elements. Surprisingly this strategy works well on many pages. I use four 
widths so that I can fit one, two three or four table cells on a page at one time. Of 
course these four fixed settings require four separate style sheets. So, this is one 
way multiple style sheets come to be. A news paper front page is viewed best in 
four column mode. The text of a single article is best viewed in one column mode 
for reading. 

• One can override the site developer’s styles in Internet Explorer by using the 
[Tools>Internet Options>Accessibility] dialogue box. This box 
provides a set of toggle buttons that allow the user to override the site developer’s 
settings for font family, font size and page color and to replace them to the 
Window’s defaults. This dialogue box also allows the user to select a new style 
sheet from any style sheet available on the local computer. These two modes of 
overriding the original style result in some unique behaviors. Internet Explorer 
respects the CSS 2 guideline to give the site developer’s style choices precedence 
over the user’s styles with one big exception. If one chooses to ignore the 
developer’s font family, font size or page color, then Internet Explorer uses the 
CSS 3 cascade to process the toggled style preference. The CSS 3 cascade order 
gives preference for user styles over the page developer’s styles. Practically this 
means that if a user choose a toggle to ignore the developers style choice for a 
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property, then user must not use the “!important” parameter for the selected 
style property. All other style properties follow the CSS 2 rules and must use 
“!important” to override a developer's style preference. 

• The user’s style sheet may use “em” scale for font sizes whenever the page 
developer’s font sizes are ignored. This gives the user the nice option of using the 
built-in font-size selection option using the [view> font size] menu from 
Internet Explorer. Warning: Using “em” scale when the site developer’s settings 
for font size are still in effect can result in print that is too huge to be useful. The 
“em” scale sizes have an absolute maximum size. For larger font sizes, the user 
can accept the site developer’s font sizes and then override them to any fixed size 
using the "font-size" property with the “!important” parameter. 

Conclusions 
The World Wide Web is a visually dominant landscape, with a dominant culture that is 
profoundly insensitive to the needs on the sub-culture with limited vision. To mitigate 
this shortcoming of the majority development community, the World Wide Web 
Consortium has language standards that permit separation of document structure from 
document presentation. While the visual culture may be unaware of the needs of other 
sub cultures, this mechanism, if followed, permits rendering into numerous formats that 
can be customized right down to the personal needs of each user with special needs. 

This paper has explored how this is done for one user, the author, on one user agent, 
Internet Explorer 6.0. While the example given here is of limited scope, it proves the 
concept that individualized accommodation can be brought to individuals with low 
vision. The process involves two phases: deconstruction and building a new skin. 

There are several developments that could transform this proof of concept study into a 
functional solution for individuals with low vision. A good user interface is needed to 
collect user preference profiles. Linkage of this two step style sheet restructuring with a 
DOM translation program like WebAdapt2Me might improve both. The style sheets 
would perform better with well groomed source and the DOM analyzer could realize 
some cheap speedups. Finally, a professional user interface could be developed for 
optometrists and other treatment specialists who serve individuals with low vision. 
Careful selection of web style preferences could then be one additional part of fitting 
individuals with assistive technology for low vision. 
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The ASSETS 2005 Doctoral Consortium was a resounding success, involving eight 
doctoral candidates and three faculty advisors, plus one transitional advisor. The doctoral 
candidates included: 

• Miguel Alonso 
Florida International University 

• Rita Hubert 
Pace University 

• Kanav Kahol 
Arizona State University 

• Peter Parente 
UNC-Chapel Hill 

• Kathy Price 
UMBC 

• Andrea Tartaro 
Northwestern University 

• Ted Wattenberg 
NOVA Southeastern University 

• Jacob Wobbrock 
Carnegie Mellon University 

The faculty advisors included Dr. Armando Barreto (Florida International University), 
Dr. Anthony Hornof (University of Oregon), and Dr. Steve Landry (Purdue University). 
In addition, a transitional advisor, a very recent Ph.D. graduate beginning a post doc 
position, V. Kathlene Leonard (Georgia Institute of Technology), participated to provide 
the students with the perspective of a brand new Ph.D. 

Students were accepted to participate in the Doctoral Consortium based on submission of 
application material, including letters of recommendation, CVs, and 2-page papers 
describing their dissertation research. The format of the Doctoral Consortium required 
each student to prepare and present a brief presentation describing their dissertations 
followed by open discussion among the faculty and students. The 2-page papers are re-
printed in this article to give the SIGACCESS community a sense for the breadth and 
depth of research represented at the 2005 Doctoral Consortium.  
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Students were evaluated based on metrics related to the clarity of their problem 
definitions, articulation of the current states of the science, the robustness and validity of 
the analytical approaches employed, and the broader impacts of the research. Topics 
ranged from enhancing digital information for people with visual impairment due to 
refractive errors, mobile devices in home health monitoring, haptic user interfaces for 
blind computer users, task based audio displays for graphical user interfaces, functional 
assessment of motor impairments, autism therapies, synthesized speech applications, and 
accessible text entry.  

The Best Doctoral Candidate Award was made to Andrea Tartaro, for her research titled, 
“Storytelling with a Virtual Peer as an Intervention for Children With Autism.” Andrea is 
working under the advisement of Dr. Justine Cassell at Northwestern University. 

I would like to thank the students who participated in the 2005 Doctoral Consortium for 
their diligence, enthusiasm, and commitment to research that advances the state of the 
science and state of the art for people with special needs. This was truly an exceptional 
group of students, displaying an incomparable joy for their work and dedication to 
excellence. I would also like to thank the Doctoral Consortium advisors who participated. 
Without their dedication and willingness to collaborate, advise and mentor these students, 
the Doctoral Consortium would simply not be possible. I know that the students’ work 
has been immeasurably improved as a direct result of the advisors’ thoughtful input and 
consideration. 
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Abstract 
The ability to interact effectively with computers through typical graphic user interfaces 
(GUIs) is greatly affected by any refractive errors present in an individual's visual 
system. These errors can be mathematically modeled (as the wavefront aberration 
function) and a system for overcoming these aberrations is proposed which has the 
potential to increase the effective human-computer interaction for these individuals. This 
paper introduces a dissertation research plan that seeks to:  

1. further develop techniques realizing software pre-compensation  

2. test this method using human subjects with each subject’s unique wavefront 
aberration. 

Introduction 
Humans take advantage of their high visual acuity to perform their daily activities. 
Specifically, normal visual acuity is a pre-requisite for proper usage of most 
contemporary Graphic User Interfaces (GUIs). The common interface for humans to use 
computers is via visual information, presented on a digital display, such as a cathode ray 
tube (CRT) or a liquid crystal display (LCD). Consequently, the user’s ability to interpret 
the information presented in the GUIs directly impacts his/her ability to use computers 
effectively.  

Persons with limited visual acuity cannot interact properly with GUIs. The most common 
forms of visual acuity loss, myopia, hyperopia, and/or astigmatism, are considered “low-
order” because of the order of the polynomials used to model them. There exist, however, 
more complex aberrations that cannot be easily remedied by current methods of vision 
correction such as contact lenses, glasses, or LASIK surgery. These common forms of 
compensation are not suited to deal with high-order aberrations such as keratoconus [7].  

Optical aberrations can be modeled through what is known as the Point Spread Function 
(PSF) of the human eye. The PSF can be obtained indirectly through the wavefront 
aberration function of the human eye, currently assessable through wavefront analyzers. 
A mathematical representation of the PSF allows the simulation of how digital images are 
viewed by the person, and consequently a method for providing software based 
compensation can be formulated. An all digital pre-compensation approach is sought. In 
contrast with optical corrections, this approach is based on modifying the image at its 
source, i.e., applying image processing modifications on the image to be displayed on-
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screen before it is shown to the user, based on the knowledge of his/her own wavefront 
aberration function. 

Research purpose 
The aim this research is to modify the intended display image in a way that is opposite to 
the effect of the wavefront aberration of the eye. Once this is achieved, the result is 
displayed to the viewer so that the wavefront aberration in the viewer’s eye will “cancel” 
the precompensation, resulting in the projection of an undistorted version of the intended 
image on the retina. Furthermore, the pre-compensation proposed here overcomes some 
of the limitations of the previous attempt at an all-digital, software solution. 

Research problem 
The Research Problem has two main facets: 

1. To characterize a fixed and known optical system and provide the compensation 
for that optical to verify the conceptual integrity of the methods developed before 
the added complexity of testing with human subject is implemented. 

2. In order to test the significance of the compensation, characterize several human 
eyes and provide a custom compensation for each eye, based on the PSF.  

Significance of study 
Since the proposed method of pre-compensation is entirely digital, i.e., the method is 
implemented completely in software, any Personal Computer (PC) capable of running a 
32-bit operating system with an SVGA graphics card could theoretically be used to 
deliver the pre-compensation. 

Additionally, an estimated 7 million people in the United States alone have some type of 
high-order refractive aberration in their eye(s) [6]. This research has the potential to 
benefit those people who suffer from these high-order aberrations, allowing them to 
potentially interact with any type of digital display more effectively. 

Research questions 
Question #1: 

Will the proposed method for precompensation provide an improvement in visual acuity 
for an artificial eye if its wavefront aberration function is known a priori? 

Question #2: 

Will the proposed method for precompensation provide an improvement in visual acuity 
for human subjects if their customized wavefront aberration function is known a priori? 

Preliminary results 

Artificial CCD eEye 
In order to verify the proposed processing, a method of verifying the results in a physical 
optical system is necessary. This eye will be used to provide several testing conditions 
allowing for variation of several parameters including pupil diameter, focal length, and 
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various types of wavefront aberrations introduced via lenses as well as, allow for both 
objective measurement/characterization of the optical system (i.e. assessment of the 
wavefront aberration function of the system via the COAS wavefront analyzer) as well as 
the ability to ‘see’ through the optical system via the CCD, something that cannot be 
done with human eyes. 

Simulation results 
The mathematical portion of pre-compensation approach has been developed and, in 
simulation has yielding encouraging results. For a detailed explanation of the 
mathematical aspects, please refer to [1-3]. However, as the development of the original 
pre-compensation approach progressed, it was found that there are two sources for 
potential error in the method of processing due to the inherent nature of the measurement 
device as well as the fact that the human eye is a dynamic optical system. 

1. The defocus term has a very high variability among different wavefront analyzers, 
making it difficult to predict the actual value for the defocus term in the wavefront 
aberration function [4]. 

2. The actual wavefront aberration function Zernike terms vary with pupil diameter 
for the same optical system [5]. This can lead to a Zernike term mismatch, 
degrading or altogether destroying the pre-compensation process. Fortunately, he 
provides a method for producing a new set of Zernike terms for a given change in 
pupil diameter. It is thus necessary to build into the testing system a way to 
account for these potential errors. 

Scope of the proposed work 
The dissertation work will occur in the following modules: 

• Further Develop the Method of Pre-compensation to improve final projected 
retinal image 

• Develop testing with a fixed and controllable optical system (artificial CCD eye) 

• Subject recruitment and testing 

o Phase 1 and 2 

o Phase 3 and 4 

• Subject testing data analysis 

Subject recruitment and testing will occur in two main phases each with two sub-phases. 
For each main phase, 1 and 2, there will be a sub-phase for subject recruitment and 
wavefront analysis data collection, and a sub-phase for testing visual acuity with the 
proposed pre-compensation method. 
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 Abstract 
The use of tele-medicine, telecommunications, web-based applications and medical 
monitoring devices can provide a ‘medical life-line’ for the chronically ill, disabled and 
elderly home-bound persons. This research develops a guideline of accessibility and 
usability for the multimodal home-based mobile medical monitoring devices used by 
older adults. Field studies are used to evaluate the quantitative visualization, errors, input 
and time factors. Additionally, qualitative studies using surveys and interviews focus on 
customer satisfaction. The findings of the study will form the accessibility and usability 
guideline. We anticipate that this usability guideline could be used as the foundation for 
the design and testing of future mobile medical devices used in the home. 

Introduction 
As the ‘baby boomer’ population ages and the caregiver population shrinks, there is a 
growing need for mobile and home-based health monitoring of the aged and chronically 
ill. During the past decade technology has progressed significantly, with advances in web 
and wireless access in the home, and also with increased use of mobile health monitoring 
devices having the ability to run applications, store and transmit data.  

In the area of healthcare, we have seen advances in the monitoring and measurement of 
clinical wellness and reductions in the size of the systems required to measure vital signs 
of basic body functions, such as blood pressure, heart rate, and pulse. Additionally, the 
skill required to perform these vital sign and clinical measurements has decreased, as 
seen by the automated blood pressure measurement devices located in many pharmacies 
and the glucose measurement meters used by most diabetics to monitor their own glucose 
levels.  

Background 
In recent years the proliferation of mobile devices in the United States and the world has 
become almost pervasive. Wireless and cellular telephones, personal digital assistants 
(PDA) and wireless laptop computers have become a standard part of our daily lives. 
This trend toward more mobile and wearable devices will continue to increase in the 
coming years with more mobile devices in the home, in the workplace, in the automobile 
and on the person. As these devices become a part of our everyday lives, we need to 
assure that these devices are easy to learn, easy to use and easy to remember. The key to 
the successful adaptation of these devices is accessibility and usability.  
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The study of the healthcare domain’s mobile device accessibility and usability testing is 
only beginning. The majority of the mobile device usability studies in healthcare have 
focused on the use of Personal Digital Assistants (PDA) by nurses and physicians [3, 4]. 
Studies of older adult mobile device accessibility studies were conducted on the use of 
mobile telephones. [1] Only one study addressed the usability of a computer-based health 
monitoring in the patient home. [2] No studies were found in the literature for the testing 
of mobile device accessibility and usability of home-based medical monitoring systems 
for the older adults. 

The accessibility and usability research community have focused on the web during the 
past decade. I plan to build on those study methods, standards and guidelines in the 
development of the mobile home-health device testing guideline.  

The study and testing of the accessibility and usability of mobile devices by older adults 
is important because these devices offer new challenges: 

• The smaller size of the mobile devices 

• The lighter weight of the devices 

• Various input methods 

o Buttons 

o Touch screens 

o Pen based tap 

o Voice 

• The smaller screens 

o Smaller buttons 

o Readability 

• The form and features of the devices’ communication to the user 

• The satisfaction of the users 

Goal of the research 
The goal of this research is the study of usability and accessibility of home health 
monitoring devices used by older adults and the subsequent development of a guideline 
for their design and testing. This guideline should provide developers and testers with 
validated criteria for the assurance that the mobile devices are designed and tested with 
consideration to the special needs of the older adult.  

Current status of research 
The literature review of related accessibility and usability research was completed. The 
research methodology was developed to include a phase 1 – semi structured questionnaire 
interviews of 21 persons, between the ages of 49 and 88, who have used a home health 
monitoring device for more than seven days. Results show a high level of satisfaction 
with the home health monitoring device and auditory instructions. The data entry keys, 
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blood pressure cuff and temperature probe were areas of difficulty. Phase 2 will include 
audio and video taping of 7 – 9 older adults between the ages of 50 and 90, with more 
than 1 week experience using the home health monitoring device in their home. A control 
group of 5 new users, between the ages of 50 and 76, were audio and video taped using 
the home health monitoring device in their home. Additional control group users will be 
also be added. Studies are conducted in the home of each older adult to simulate the 
conditions under which the device would routinely be used. The research measures 
qualitative parameters, such as time to completion, time delays at each step, number of 
errors, number of requests for help, cognitive delays, font size and ability to adjust font, 
use of colors and contrast, auditory instructions and movement distance on the 
screen/display between successive entry steps. The qualitative measures focus on such 
factors as the ease of use, ease of reading, ease of hearing and understanding auditory 
instructions, ease of learning and remembering, and satisfaction. Additional home health 
monitoring device companies were contacted in an effort to include 1-2 additional 
devices in the study.  

Preliminary results accomplished 
The semi-structured questionnaires indicate that the older adults studied have a high level 
of satisfaction with the home health monitoring device and auditory interaction. 
However, the standard instructions and data entry buttons present a usability and 
accessibility challenge which is being further studied in this dissertation research.  

Open issues and expected achievements 
The open issues are obtaining approval to video tape 7-9 older adults using the device in 
their homes and the ability to obtain additional home monitoring devices for testing. 

The expected achievements are the development of an accessibility and usability 
guideline for the testing of mobile home health monitoring devices which can be 
extended further by others in the research community. 

Current stage of doctoral study 
All coursework for the doctoral program was completed in May 2005. My dissertation 
research is progressing with a targeted completion of May-September 2006. 

Doctoral consortium feedback 
Advice and guidance from members and researchers related to the study idea, methods 
for mobile device testing, process for conducting testing with the older adult and other 
suggestions would be valuable feedback for the improvement of this dissertation.  
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Introduction and problem description 
This paper proposes design, development and testing of an assistive device for distal 
environment perception for individuals who are blind through a haptic user interface 
(touch-based interface).  

Distal perception can be defined as the ability and the act of perceiving environment 
beyond the physical reach of hands and legs: a region known as kinesphere [3]. It is a 
challenging activity for individuals who are blind. A number of assistive devices for 
distal perception have been developed over the years that communicate information to 
blind individuals through audio signals that either interfere with their existing perceptual 
capabilities, or give redundant auditory cues that the individual can already discern from 
the environment with out any assistive device [2]. Haptic sensory feedback is less 
intrusive and can be complementary to an individual’s perceptual capabilities. The 
problem of distal environment perception through haptic user interface can be divided 
into three subproblems.  

1) What to perceive? This depends on the final modality through which the 
information is being presented. In the case of the haptic user interfaces the 
modality of communication is haptics. In order to ensure optimal performance of 
the system, it is important to extract haptically salient features from the distal 
environment. Hence instead of extracting visual textures from distal environment, 
the system would now require to estimate haptic textures. A systematic approach 
to this problem would require psychological investigations into what features are 
haptically salient? 

2) How to perceive? This question pertains to sensing methodology for distal 
environment. While various types of sensing methodology such as RFID, Infra-
red are available, visual sensors are the most economical and arguably the most 
efficient way of sensing distal environment. Computer vision algorithms do not 
perform well in real environments with a large number of objects and classes. The 
key then, is to find features that are invariant to various types of noise and 
limiting the number of features and their quantization levels. 

3) How to present the detected distal environment features through a haptic 
user interface? The detected features need to be systematically presented to the 
user. The presentation scheme, should present distal environmental objects in a 
veridical manner and simulate a user’s interaction with the real object. [1] 
Rendering objects in a realistic manner where virtual objects feel like their real 
counterparts is by far the most desirable form of rendering. However, presently 
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available haptic interfaces do not mimic the scale of the human haptic system and 
are limited in the quantity and quality of feedback they can provide [2]. This 
severely limits the usability and efficiency of the haptic interfaces. The key 
challenge then is to identify and invent new techniques for presentation of haptic 
features that work in conjunction with the realistic rendering technique. 

Related work 
Some attempts have been made to design haptic-based assistive devices specifically for 
individuals who are blind that convert visual data into tactile data. The Tactile Vision 
Sensory Substitution System (TVSS) (1970) was one of the first attempts to develop 
haptic assistive devices that convey spatial environmental information [1]. It converted an 
image captured by video camera into a low-resolution tactile image, and displayed that 
image using a matrix of 400 vibrotactile elements (20 rows and 20 columns of one 
millimeter diameter solenoids). However, TVSS have not been widely accepted by 
individuals who are blind. We surmise that the poor performance of sensory substitution 
devices can be attributed to the fact that humans perceive the world at the perceptual 
level rather then the sensory level. We perceive the world in terms of surfaces and 
objects. However, the TVSS essentially communicates pixel-level information through 
the tactile modality imposing a steep learning curve on the user to tactilely interpret 
pixel-level data. 

In addition, several virtual reality based systems have been proposed for haptic 
perception of virtual objects. Such systems however suffer from two limitations [2]: 

1) They provide a single point contact based interface. This is an extremely 
limiting method of haptic perception. Glove based interfaces can provide 
multipoint contact sensation but the algorithms are not capable of providing real-
time feedback; and, 

2) They present data in an exocentric reference frame that further limits haptic 
perception. Research has shown that humans tend to perceive objects in 
egocentric reference frames by using both the hands. The present single-point 
interfaces for which much of the technology has been developed, cannot present 
data in egocentric reference frames and force users to sense objects with one 
finger without holding it. This is a very limiting mode of haptic sensing [3]. 

Goal of the research 
The primary goal of my research is to design, develop and test a haptic user interface for 
distal environment perception. Three parallel research efforts are being conducted to 
achieve this goal. 

The first research effort is designed to systematically explore the haptic space and the 
saliency of features that are extracted from haptic exploration: the act of moving hands 
over objects to perceive haptic features. In this proposal, analysis of exploratory actions 
will be the basis of computational algorithms that can automatically perceive the haptic 
features of a stimulus. In past experiments, we have shown that haptic exploratory 
procedures can be automatically recognized and further these exploratory procedures and 
their parameters provide cues into the type of feature being perceived and its quantization 
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level [2]. For example, lateral movement of index finger is used to perceive texture, and 
high speed of the movement with varying direction indicates a rough texture. These 
results allow capture of exploratory procedures when a user perceives a real object. The 
exploratory procedures can be used to parameterize the object perceptually. Secondly we 
will perform multidimensional scaling on a database of objects for understanding haptic 
space and its important dimensions. This is a common psychological technique used to 
explore perceptual spaces and reveals the basis of judging similarity between objects [3]. 

The second research effort is designed to convey information about objects haptically to 
the user. In this thesis, we intend to use three complementary approaches for haptic 
presentation of object. Overall object shape, size, material and texture information are 
presented in our system through tactile cues each of which is associated with haptic 
features and their quantization levels. This allows presentation of the concept of an object 
to the user in a fast and efficient manner. For example, consider the following statement 
and visualize an object with these features: The object is a glass made of plastic, is of 
medium size and its texture is smooth. Moreover the objects base is smaller than its rim 
and its vertical surface from rim to the base has no curvature. A majority of readers 
would concur with the view that this statement if accurate provides enough information 
to invoke a mental image of the object. Cueing uses simple vibratory pulses to invoke a 
mental image of a virtual object. The surface of the object is rendered realistically as a 
raised surface in an augmented reality environment. We propose to use a combination of 
gloves to hold the surface and Phantom joystick for interaction with the virtual surface, as 
it will allow perception in an egocentric reference frame. The computational complexity 
of this simulation is limited as compared to the complexity of rendering the entire object 
realistically. Haptic visualization will be used to convey visual features such as color. 

The third research effort will consist of design of algorithms that extract perceptual 
parameterization of objects from visual data. It is important to note that our system does 
not rely on object recognition rather just estimating how it feels perceptually. For 
example instead of recognizing texture, the system simply needs to determine if the 
object is rough or smooth. This limits the number of classes that vision algorithms have 
to classify stimuli in, and hence perform well in real environments. This has been 
confirmed in initial experiments. 

Current status of research and results 
Our experiments on hand movement analysis revealed that it is possible to analyze hand 
movements automatically and predict the feature user is trying to perceive and the 
quantization level of the feature with very high accuracy. This system enables an 
unobtrusive analysis of a user’s haptic perception process and develops contextual 
models of his/her style of perception. Further the multidimensional scaling revealed that 
shape, size, texture/hardness and curvature of vertical regions are the important 
dimensions based on which humans analyze haptic objects. These dimensions were used 
in our system to index the objects. 

We designed an initial prototype of the tactile cueing system on which a 10 users, trained 
for half an hour with 5 objects. The cueing methodology sends shape, size, texture, 
curvature and material cues to different fingers of the hand in a serial order that mimics 
haptic perception of features in real world. In the test phase, the users were able to 
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recognize a set of 107 objects through simple cues with 100% accuracy within 2-7 
seconds. High accuracy was achieved in object recognition tasks using cues. Other tests 
have been conducted to study the effect of noise on cueing accuracy. Results show that 
cueing is robust to noise and users can be engaged in other tasks while still recognizing 
cues and objects.  

A haptic environment has been coded that allows user’s to hold and manipulate a virtual 
surface through a glove and feel the surface through a Phantom interfaces. Initial results 
show that this methodology allows for better recognition and perception. We have 
developed a system that presents color by converting color channels (R,G,B) into texture 
that a user feels. Initial results have shown that blind individuals including congenitally 
blind individuals can recognize color with 90-100% recognition accuracy after one 
learning phase. These results are especially encouraging as our system allows learning of 
color and their similarities through texture rather than simply stating the color name. We 
propose to test this system extensively. 

We have also designed an initial prototype of computer vision algorithms that can 
determine perceptual categories of an object. This system achieves a recognition accuracy 
of 100% under real environment condition. 

Open issues and future research 
The system that automatically determines haptic features of the object by tracking hand 
movements is still under development. A strategy needs to be formulated for assembling 
the entire system and usability testing. Another open question is that of determining if the 
proposed task division between the three rendering methodology is optimal and whether 
contextual models need to be designed for optimally distributing tasks between the three 
rendering methodologies. It is expected, that once the system is developed, it will allow 
individuals who are blind, to systematically explore distal environment and obtain 
information about distal objects within a time period of 1 minute.  
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Abstract 
The purpose of the Clique project is to explore a new way of adapting applications with 
graphical user interfaces (GUIs) for use in audio. Existing adaptation methods retain the 
components and metaphors of visual interfaces in the audio displays they produce. 
Clique, on the other hand, presents the user with a conversational audio display based on 
the tasks supported by programs, not their visual representations. The user interacts solely 
with this audio display while Clique takes charge of inspecting and controlling the 
underlying programs via their GUIs. In effect, the graphical nature of program interfaces 
is hidden from the listening user who is free to concentrate on his or her tasks in audio. 
We hypothesize that audio displays produced in this manner will prove more effective 
and satisfying for common tasks than current solutions. 

Introduction 
Screen reading is a prominent method of making desktop applications accessible to 
people with visual impairments. A screen reader operates by speaking aloud the text and 
widgets programs draw on the computer screen. By listening to the screen reader and 
giving input via a keyboard, people with visual impairments are able to access many of 
the same applications used by their sighted peers.  

Nevertheless, the screen reading paradigm was developed nearly twenty years ago for 
command line programs and is imperfect when applied to GUI applications. Studies done 
by Edwards [1] over a decade ago and Barnicle [2] much more recently both give 
evidence of usability problems associated with attempts to screen read GUI programs. In 
short, the straightforward transform from on-screen visuals to a stream of speech 
describing them does not result in an effective audio display. Instead, it forces users to 
think and interact with an application in terms of graphical concepts that make little or no 
sense in the audio domain. For instance users must contend with scrolling a text box to 
hear clipped text even though limited display space and spatial scrolling are unnatural 
concepts in audio.  

Because of their usability problems, screen readers are seen as special solutions for 
people with visual impairments who have little recourse for computer access. No sighted 
person would use a screen reader today, even if it could enable access to familiar 
programs in certain situations (e.g. while walking, working in the bright sunlight, using a 
small form factor device without a screen). As a result, the demand for screen readers is 
limited and their cost is high. 
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Re-Thinking Adaptation to Audio 
For the typical user, the purpose of interacting with a computer is to complete a set of 
tasks. The user does not care how the computer supports the execution of his or her tasks, 
as long as it does so in an effective, unobtrusive manner. When the user is working in 
audio, how common tasks are manifested visually is often irrelevant to their successful 
completion. For instance, a user does not need a visual interface to write an email. He or 
she merely requires a way to state the recipient, subject, and body of the message and 
indicate the message should be sent. Only tasks tied to vision (e.g. designing a GUI, 
editing an image) require intimate knowledge of visual presentation. 

Under this premise, the goal of audio adaptation is not to mimic visual interfaces but 
rather to best aid the completion of user tasks. To meet this goal, an audio display must 
do more than provide a superficial layer between user and screen. It must interpret what 
is on the screen and expose the meaning of the visual components, relationships, and 
metaphors to the user in forms appropriate to audio. Likewise, it must take charge of the 
menial work of controlling applications via their GUIs. Such an audio display, one that 
frees the listening user from dealing with visual concepts, is likely to avoid many of the 
usability problems associated with screen reading. 

Clique: Task-based audio display 
The Clique project follows this task-based approach to audio adaptation. The Clique 
software centers around an audio display based on the familiar metaphor of group 
conversation. Four assistants with unique voices are positioned around the user in a 
virtual sound space. Each assistant plays a specific role in the conversation – reporting 
content in the current task, summarizing the state of the current task, reporting events in 
related tasks, and reporting events in other tasks. All assistants take advantage of 
common features of conversation such as referencing, pacing, turn-taking, and 
interruptions. For instance, an assistant who wishes to inform the user that a web page 
has finished loading outside the active task will either speak immediately, play an audio 
icon, or wait for the floor. The assistant will make this decision by considering who else 
is speaking and if the user is giving input. 

The user interacts with Clique using a set of global commands valid across tasks. The 
supported input ranges from simple statements like “Next”, “Previous” and “Do that” to 
exploratory questions and commands such as “Where am I now?”, “What can I do next?” 
and “Remember that for later.” Any device that can support the command set can be used 
for input (e.g. full keyboard, one-handed keyboard, voice input). 

Clique automates the standard desktop applications running behind its audio display in 
order to carry out commands and answer questions. Task models written by third-party 
developers describe how program tasks should be represented in audio and how the 
program should be automated to effect task completion. 

Expressing task models in terms of medium and application independent interaction 
patterns is the key to presenting a unified audio display to the user. For instance, the 
linked browsing pattern is manifested in common email programs (mailbox tree, 
messages list, message preview) and file managers (folder tree, folder contents list). In 
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both cases, Clique knows to report how an action in one part of the browsing task affects 
another (e.g. choosing a mailbox updates the messages list.) 

Goals 
To demonstrate the benefits of a task-based approach to audio adaptation, I intend to do 
the following: 

1. Implement a prototype of the Clique system supporting the primary tasks of four 
target applications—Outlook Express (email), Firefox (web browser), WinZip 
(archive utility), and Day by Day Professional (calendar). 

2. Compare how well users with visual impairments can learn and use these 
applications through Clique and a popular modern screen reader (e.g. JAWS). 

3. Study the performance of sighted users completing tasks with Clique versus with 
the original application GUIs while engaged in a simulated walking task. 

Status 
As of May, 2005 an implementation of the Clique system on the Windows platform is 
well underway. The framework for managing tasks, responding to user input, and 
controlling underlying applications is in place. Task models for two of the four target 
applications are complete. 

Two formative user studies have also been performed. The first investigated user 
understanding of the group conversation metaphor. The second explored the limits of 
user interaction with an “ideal” audio display—a human expert acting as an audio 
interface to the computer. 

Related work 
Finding an alternative to screen reading is not a new idea. The Mercator project [3] 
thoroughly explored the transform from a hierarchical model of GUIs to audio. However, 
to support sighted and blind user collaboration, Mercator retained the use of graphical 
concepts in its audio display. In the future work section of her dissertation on Mercator, 
Mynatt agrees that building an audio display based on the affordances of an application, 
rather than its visuals, is a more general goal. Frauenberger [4] recently expanded this 
idea by proposing the abstraction of GUI widgets to a semantic taxonomy followed by a 
mapping to audio forms.  

Other projects, such as SpeechActs [5] and Chatter [6], have focused on building 
conversational audio interfaces. These solutions do not provide access to existing 
applications, but rather implement audio-aware programs from the ground up. Even so, 
much can be learned from their use of conversation as an interaction metaphor. 
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Abstract  
Information systems researchers and developers require an appropriate means of 
assessing system user characteristics and capabilities. At this time, no such assessment 
measures exist. Current measurement tools are designed to assess activities of daily 
living, but do not transfer well to technology assessment. My dissertation work will focus 
on the development of a functional assessment (FA) that focuses on the capabilities that 
are critical for effective interactions with information technologies. This dissertation will 
focus on physical capabilities, using both questionnaire and computerized solutions to 
assess a user’s relevant functional capabilities. Evaluation and comparison of assessment 
techniques with correlation to representative computer tasks will finalize the research.  

Introduction and problem description  
The scope of human computer interaction (HCI) includes a determination of the 
appropriateness of a given technology for a user, but this evaluation is difficult without 
an accurate evaluation of a user’s functional information technology (IT) capabilities. 
Functional capabilities are often viewed as two extremes of having fully functioning 
capabilities vs. being disabled, but in reality all IT users vary in their level of functioning 
along a continuum between the two extremes over time (Newell, 1995). For example, a 
user who may easily operate IT when young can have vision difficulties later in life 
which require changes to the user interface for optimal application. Given this variation 
of IT functional capabilities, it is necessary to perform accurate and consistent assessment 
of user capabilities to match consumers to optimal IT solutions. Consistent, reproducible, 
methods of assessing an individual’s functional capabilities will also prove useful in 
supporting research activities as it would allow researchers to more effectively compare 
results between studies and could allow inclusion criteria to be defined based on what the 
individuals can do as opposed to their underlying clinical diagnosis.  

Current FA methods are often used to assess daily activities such as the ability to dress or 
feed yourself. Physical motions required to complete such activities do not equal actions 
used in IT tasks. The inability to accurately assess user capabilities with IT hinders the 
completion and evaluation of HCI research. Inappropriate FA techniques thwart efforts to 
match users, of all abilities, with appropriate computer technologies. Finally, the inability 
to assess user capabilities impedes efforts to evaluate effectiveness of user-technology 
matching.  
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Background and literature overview  
HCI researchers have investigated appropriate methods to design accessible IT for people 
with physical disabilities. For example, researchers have examined user interactions with 
existing devices such as keyboards (Trewin & Pain, 1998; Trewin, 1996), the 
development of assistive solutions to support the use of those devices such as software 
filters which reduce certain errors (Trewin, 2002), the applicability of user models 
(Keates, Clarkson & Robinson, 2000), and techniques for user-technology matching 
(Scherer, 2002).  

Temporary disabilities caused by context of use can instigate functional disabilities with 
regard to IT use. Such disabilities are classified as a situationally-induced impairment and 
disability (SIID). Health conditions and/or context of use issues can create an IT user 
impairment (Sears & Young, 2003). The proposed assessments will also address such a 
temporary SIID.  

A medical model using clinical diagnoses is often used to categorize users in order to 
conduct HCI research for users with disabilities and to compare results from different 
research studies. However, this method is not ideal because the level of granularity does 
not match what is needed for IT research. For example, a diagnosis of tremors can be 
associated with varying types of tremors (action, resting, intention, essential, senile and 
familial) of varying severity and frequency of occurrence (Law, Sears, & Price, 2005). 
Therefore, a diagnosis of tremors does not provide sufficient information to determine the 
person’s ability to interact with IT. To date, no appropriate method of functional IT 
capability assessment has been documented.  

Goal of the research  
The goal of this research is to develop an accurate, repeatable, and comparable method of 
assessing user functional capabilities with regard to the use of IT devices.  

Motivation  
The motivation for this research project is the lack of adequate techniques to assess IT 
specific functional motor skills. The accurate FA of motor capabilities necessary for IT 
use is important to enable categorization of user performance when evaluating the merit 
of the HCI solutions in question, but is also essential for determining the validity of 
research and permitting comparison between a variety of studies. In addition, this 
information can be used for follow-up assessment of IT suitability for individual users.  

Research questions  
Initially, current FA techniques will be assessed to determine the scope of what is 
presently available for use by HCI professionals and the applicability of current 
techniques to the dilemma of assessing IT functional skills. Follow-up research is based 
on the belief that no appropriate FA techniques are currently available to assess user 
capabilities with IT. This assumption will be confirmed via the literature review. The 
essential research questions for this project are the following: What is the best method for 
assessing user IT functional capabilities? Will a function-based assessment prove more 
effective than the diagnosis-based assessments that are often used in ongoing research?  
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During this project a questionnaire for assessing IT functional capabilities will be 
developed. Based on the initial research and questionnaire development, a computer-
based assessment tool will be developed to test one or more aspects of IT functional 
assessment. This research will conclude by investigating the suggested FA solutions via a 
study of selected users comparing the questionnaire-based solution, a technology-based 
solution, and a traditional diagnosis-based approach. A correlation to actual computer use 
will also be completed.  

Current status of research  
Currently the literature review and an iterative methodology are in process to develop the 
FA questionnaire. Next steps include development of a computer-based FA solution and 
the design of a research study to perform comparison of questionnaire, computer, and 
diagnosis-based solutions with correlation to IT tasks.  

Preliminary results accomplished  
Preliminary accomplishments include the delineation of functional motor capabilities to 
be evaluated and the beginning stages of questionnaire item development. No user testing 
has occurred at this time.  

Open issues and expected achievements  
Open issues include the completion and validation of the FA questionnaire, development 
of a computer-based FA solution, and an empirical study comparing the use of the 
questionnaire, computer-based FA, and traditional clinical diagnoses with correlation to 
IT tasks.  
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Introduction 
Story Listening Systems (SLS), a model of technology and literacy development, are 
shown to promote language skills development in children through storytelling with a 
virtual peer [4]. However, SLS make several assumptions about children:  

(1) they rely on children’s oral storytelling and communication skills;  

(2) they model social skills to engage children in peer play; and,  

(3) they enable imaginative play, allowing children to create their own meaningful 
content using physical artifacts.  

These assumptions inform the design of Sam, an SLS and virtual peer that tells stories 
with children [5]. Sam interacts with children using speech and gestures modeled after 
the storytelling roles and turn-taking behaviors children use when interacting with each 
other. But what if these very assumptions of communication, social skills and imaginative 
play, seemingly inherent in childhood, are the very skills the child lacks? 

This is the case of children with autism (CWA). The very deficits of autism include 
communication skills, social skills and behavior such as imaginative play. Yet parents, 
teachers, and others who work with CWA, notice that many of them show an affinity 
with computers. Therefore, can Sam, which is ultimately a computer program, be used as 
an intervention for CWA? Instead of relying on the child’s communication skills, social 
skills, and imaginative play, can a virtual peer help the child develop these abilities? This 
research seeks to provide CWA access to SLS, and ultimately improved social interaction 
with people, by creating a new SLS that incorporates story authoring features. A system 
that enables children to control, then build and finally interact with a virtual peer may 
offer a scaffold to social interaction for the child. 

Background 
A review of related work reveals several key features relevant to the design of SLS for 
CWA: 

• Interventions must be highly personalizable. Social Stories, for example, provide 
relevant cues in a social situation and describes appropriate responses and are 
tailored to a specific child’s behaviors in a particular situation [1, 2]. 

• Systems must scaffold the child. The Aurora project [6] investigates the use of 
robots as a social intervention for CWA. The behaviors first exhibited by the 
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robots are simple and predictable. As children interact more with the robots they 
become more complex. 

• Artifacts must have constructive applications. Legoff [9] developed a successful 
social intervention that leveraged the natural appeal of the Lego© artifact. Groups 
of CWA practice social skills by collaboratively creating Lego© constructions. 

• Using roles helps CWA practice social interactions. By taking on roles of 
“engineer” and “builder” during the Lego© therapy, children were encouraged to 
interact to complete a task [9]. 

• Evaluation must consider the transfer of behaviors to other contexts. Research on 
using virtual environments for social skills interventions [8,10] emphasizes the 
importance of presenting the same task in two scenarios because transfer of 
learning to different contexts is problematic for CWA. 

To integrate these features into the SLS, I envision incorporating the benefits of Sam, a 
virtual peer SLS [5], with authoring features similar to those found in a system such as 
SAGE [3]. SAGE is a storytelling system that enables children to design and build their 
own storytellers with authoring tools. While creating and testing their storytellers, 
children learned to imagine a conversational interaction from the point of view of another 
interlocutor, a task that is especially difficult for CWA. 

This research is further supported by Davis, et al’s [7] work on therapeutic narrative 
elicitation in autism. Their observations of children using the TouchStory system, which 
was created to test the ability of CWA to create sequential narratives using illustrations, 
speak to the utility of both narrative and computers in interventions and education. 

Research goals 
Thus, the goal of this research is to design, create and evaluate a new SLS that will help 
CWA develop their communication skills, social skills and imaginative play behaviors. 
By combining a virtual peer SLS with story authoring functionality, the system would be 
able to run in three modes:  

(1) The child could control the virtual peer, and thus practice different behaviors 
through the agent;  

(2) The child could build the virtual peer by creating new stories; and,  

(3) The child could interact with the virtual peer by telling stories with the system. 

These three modes create a sequence of interaction of control->build->interact that will 
scaffold the child from simple, predictable interactions with the system to social 
interaction with the system. This SLS would be a highly flexible system adaptable to 
different uses by creating different stories. Stories could be used like social stories [1,2] 
to teach children appropriate behaviors for a given situation. Additionally, stories could 
be used as therapy, similar to the SAGE system where children explore their identity and 
listen to stories related to their identity [3]. Finally, stories can be educational, as Sam is 
used to teach literacy skills [5]. 

The methodology used to design SLS emphasizes the importance of studying behavior 
before building a system. Therefore, the development of this system must be iterative, 
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and incorporate three components of observations of CWA. First, observing CWA 
interacting with computers will inform the design of an authoring interface. Second, 
observing CWA interacting with an existing SLS, Sam, will reveal its potentials and 
design problems, as well as storytelling behavior of CWA. Finally, as we begin to 
prototype our system, children will interact with the system to refine the design. 

Status of the research 
One study underway is investigating collaborative storytelling of normally developing 
children with a virtual peer. This study informs the design of methods for researching 
interaction and storytelling in CWA. In addition, evaluating the interactive potential of a 
collaborative virtual peer informs the design of the new SLS and authoring system. 
Observations of two CWA are also underway in the lab. 
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Abstract  
Most existing models for marketing of assistive technology concentrate on the 
development and improvement of product design and accessibility [10]. Instead, the Alt-
Learning Project will concentrate on improving the delivery of assistive technology by 
providing information and tools concerning the learnability of screen readers used as an 
assistive technology. The Alt-Learning Project will integrate actual users of assistive 
technology within all aspects of the research methodology.  

Introduction  
Riemer-Reiss and Wacker [6] reported that over seventy-five percent of assistive 
technology is rejected within the first two years of use. Scherer [7, 10] attributed this high 
rejection rate not to problems with the technologies working as designed, but rather due 
to problems with the delivery of the products. Assistive technologies have the potential of 
helping and enabling people with disabilities, but often result in opposite outcomes of 
limiting, isolating, or making people feel more dependent on others.  

The goal of the Accessible Learning Through Text-to-Speech Project (Alt-Learning 
Project) is to support the increased effectiveness and use of technology by people with 
disabilities by the identification of usability, accessibility, and learnability problems of 
users of text-to-speech applications. The study will result in a set of accessibility 
heuristics that are to be used by professionals responsible for the delivery of assistive 
technology while performing assessments, instruction, or other supportive services to 
people with disabilities.  

Learnability  
Learnability is a construct of language acquisition that measures a person’s ability to 
acquire and use language skills [2]. Learnability theory encompasses areas of linguistics, 
developmental psychology, and educational theory. Measurement of a person’s level of 
learnability is based on educational theories that describe learning as an active process 
involving social communication and the ability to utilize knowledge beyond the 
immediate moment or situation.  

Learnability theories differentiate between the usability of a product and its learnability 
[5]. Key constructs of learnability include the ease of use of a product, gender 
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preferences, and the cognition needed by the user. The usability of a product relates to the 
enjoyment derived by the user and leads to the effectiveness of the product’s use.  

Paymans, Lindenberg, and Neerincx [5] found that a product can be found to be easy to 
use but at the same time not easy to learn. Even though a user understands the content of 
material or can perform an independent activity, they still may be unable to reapply the 
skills or knowledge from one activity to new activities later on.  

Computer literacy 
Computer-literacy is defined within two areas of performance, reading comprehension 
and navigation [3, 8, 9]. In order to access, understand, and effectively use information 
stored on a computer or on the Internet a user must be able to both access and 
comprehend electronic text and navigate a computer environment. While, computer-
literacy may be difficult for users with normal learning capabilities, users of screen 
readers have been found to have additional learnability problems.  

Understanding and comprehending human speech is dependent on two cognitive 
processes; the ability of somebody to understand individual words and their ability to 
comprehend the meaning of spoken phrases [4, 9]. Cahn [1] termed the quality of 
synthesized speech to render words that are understood as intelligibility and the quality of 
producing comprehendible phrases as comprehension. The listener's affect is the level in 
which they are able to learn how to interpret meaning of content or emotion from an 
orally produced sequence of words. Over longer periods of reading the persistency of the 
listener's affect must be sustained [9]. Information must be stored and retrieved from 
long-term memory, processed by working memory, and then restored to long-term 
memory. 

Application designers use graphical interfaces to facilitate navigation, organize 
information, or to explain of content [3]. To make use of graphical images on computer 
systems, a computer user must be able to travel between screens, understand needed 
information to make navigational decisions, and ultimately retrieve and process the 
information desired to complete the original task. People with visual impairments have 
difficulty accessing computers because the graphical representations are incompatible 
with assistive technologies or because of the inability of the user to understand the 
graphical concepts.  

Current status of the Alt-Learning Project  
The problem that will be addressed in the Alt-Learning Project is the inability to perform 
accessibility usability evaluations of products that include applications of text-to-speech 
[9, 10]. Previous attempts of developing evaluative methods or instructional strategies 
that are effective for all users of assistive technology as a homogeneous population have 
not been successful. Users of screen reader applications are one of the fastest growing 
populations of users of assistive technology and include people with vision impairments, 
learning disabilities, language deficiencies, and physical and mobility impairments.  

The Alt-Learning Project will use online focus groups to explore the problems of 
learnability of screen readers used as an assistive technology. The website is at 
www.wattenberg.biz/Alt_Learning_Project.htm. Findings of the study will include a list 
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of accessibility heuristics to be used by professionals responsible for the delivery of 
assistive technology. The heuristics will be used to develop instructional strategies or the 
matching of a technology with a person with a disability. Professional disciplines that 
may benefit from the Alt-Learning Project include, K-12 educators, community college 
and adult educators, rehabilitation counselors, speech pathologists, and other technical 
support specialists [7].  

The Alt-Learning Project will include both users of screen readers and professionals 
responsible for the delivery of assistive technology. An online focus group will allow for 
the collection of data from participants as they would normally utilize their screen reader 
applications. In the final focus group, the researcher will present a set of accessibility 
heuristics derived from the previous focus groups. The group will discuss the validity of 
the proposed heuristics in terms of their trustworthiness, believability, and usefulness.  
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Abstract 
This paper describes the author’s dissertation research on designing, implementing, and 
evaluating the EdgeWrite text entry method. The goal of this research is to develop a 
method that is highly “robust,” remaining accessible and accurate across a variety of 
devices, abilities, circumstances, and constraints. EdgeWrite is particularly aimed at users 
with motor impairments and able-bodied users “on the go.” To date, this research has 
resulted in versions of EdgeWrite for PDAs, touchpads, displacement joysticks, isometric 
joysticks, trackballs, 4-keys, and more, all of which use the same EdgeWrite alphabet and 
concepts. The stylus version, for instance, has been shown to be significantly more 
accurate than Graffiti for both able-bodied and motor-impaired users. Similarly, the 
trackball version has been shown to be better than on-screen keyboards for some people 
who use trackballs due to motor impairments. This paper discusses these and other 
achievements, and points towards future work on a mobile phone version for 
situationally-impaired users. From its inception, EdgeWrite has been developed with the 
help of participants, both able-bodied and motor-impaired. 

Introduction 
The entry of text places significant physical demands on users with motor impairments. 
Tremor, spasm, poor coordination, low strength, and rapid fatigue make it difficult to 
enter text with a QWERTY keyboard or PDA stylus. Impaired users have particular 
difficulty entering text on small devices that require controlled movements [4]. And as 
small devices proliferate in an aging population, the number of users with motor 
impairments will only increase. Although work exists on accessible text entry for 
desktops, little work exists on accessible text entry for handhelds. The “digital divide” 
threatens to grow if handheld devices are not made more accessible. 

But motor-impaired users are not the only people who need accessible devices. Able-
bodied users incur “situational impairments” [5] when using mobile devices “on the go.” 
The spatial constraints of small devices necessitate the use of compact (if not cramped) 
input techniques demanding accurate movement and careful control. These demands are 
intensified while walking or riding, since use in motion can reduce visibility, divide 
attention, and cause physical instability through vibrational tremor. But unfortunately, 
most mobile text entry methods are not sufficiently tactile or physically stable to be used 
accurately while in motion.  
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Figure 1. The EdgeWrite alphabet, which is the same for all EdgeWrite devices, was 
designed by participants to maximize guessability [7]. Multiple versions of each letter 

exist to increase guessability (not shown). A full character chart can be found at 
http://www.edgewrite.com. 

 

Thus, the need for physical stability, tactility, accuracy, and control which is exists in 
motor-impaired text entry also exists in mobile text entry. Accordingly, a design 
successful in one domain may also be successful in the other. To this end, I have been 
developing a “robust” design for text entry called EdgeWrite (Figure 1). Its core concept 
is to use physical edges and corners to provide motor stability for good accuracy despite 
physical demands. EdgeWrite’s robustness takes these forms: 

• Multi-device adaptability: EdgeWrite can be easily instantiated on a variety of 
devices, allowing users with motor impairments to switch among devices to 
distribute strain and fatigue. This property also allows EdgeWrite to work on new 
handheld devices, which continually emerge and are ever-smaller. 

• High compact-ibility: EdgeWrite remains effective even in very small spaces. For 
example, our studies show the stylus version can work in a square as small as 7 
mm on a side. Our isometric joystick version is also highly compact. Compact-
ibility is important for small devices and for reducing the distance people must 
move. 

• Recognition despite tremor: Recognition is robust even in the face of wiggle or 
tremor, since only the order in which the four corners are hit is used to recognize 
letters, not the overall path of motion [10]. 

• Situational factors: EdgeWrite is robust in the face of situational factors such as 
divided attention and the vibrational tremor caused by walking or riding. 
EdgeWrite’s tactile edges provide passive haptic feedback and physical stability, 
which aid in compromised text entry situations. 
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Key goals and results 
The main goals of this research are:  

(1) demonstrating robustness and versatility for both motor-impaired and 
situationally-impaired users,  

(2) creating useful real-world input techniques for these groups of users, and  

(3) contributing fundamental advancements to the methods of text entry design and 
evaluation.  

Although there has been work on multi-device text entry (e.g. [1]), and much recent work 
on text entry method development [3], none has been devoted to overcoming 
impairments. Instead, most is focused on high-performance handheld entry for able-
bodied users (e.g. [2]). 

Specifically, I wish to show EdgeWrite’s effectiveness on three devices for three separate 
contexts (Figure 2):  

(1) On a PDA with a stylus for people with tremor,  

(2) on a trackball for motor-impaired trackball users, and  

(3) on a mobile phone for able-bodied users who are walking.  

These three contexts were chosen to highlight the breadth of EdgeWrite designs. Of 
them, the first has had the most progress, while the second is under development and the 
third is in design. 

To date, we have shown the stylus version of EdgeWrite to be over 18% more accurate 
than Graffiti for able-bodied users and 2-4 times more accurate for some users with motor 
impairments [10]. We have also implemented EdgeWrite for power wheelchair joysticks 
and touchpads as integrated control devices for desktop text entry [9]. Our trackball 
version was significantly faster than a trackball-controlled on-screen keyboard over 
multiple sessions for a user with spinal cord injury [8]. A former user of on-screen 
keyboards for 15 years, he now uses Trackball EdgeWrite instead. 

In addition, we have developed methods of improving the guessability of symbolic 
alphabets [7] and in creating algorithms for improving text entry error rate analysis by 
extending the work of Soukoreff and MacKenzie [6] on text entry method evaluation. 

 
Figure 2. EdgeWrite will be designed, implemented, and evaluated for use on a PDA 

with a stylus by people with tremor, on a trackball by motor-impaired trackball users, and 
on a mobile phone by able-bodied users who are walking or riding. 
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