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Accessibility and 
Computing 

The Newsletter of ACM SIGACCESS 
NUMBER 83, September 2005 

A note from the Editor 
Dear SIGACCESS member: 
 
Welcome to the second on-line issue of the SIGACCESS Newsletter. For readers who 
wish to maintain a hard-copy catalogue of Newsletters, a downloadable PDF version is 
available ready for printing. An archive of back-copies that is available via the 
SIGACCESS web-pages (http://www.acm.org/sigaccess/). 
 
Note that this issue is something of a special issue in that all but one of the papers 
originated from an international Symposium held at the IBM Thomas J Watson Research 
Center in early October 2005. The topic of the Symposium was “Cognitive and Learning 
Difficulties Affecting the Use of Information Technology (IT) Systems.” 10 invited 
speakers prepared papers on specific areas of this topic and those papers are included 
here. 
 
As editor of the Newsletter, I welcome either offers to either guest edit similar special 
issues or else suggestions of topics that readers would like to see addressed. If you have 
any suggestions about this, please e-mail me at: editors_SIGACCESS@acm.org 

About this issue 
The first paper in this issue, “The Interface Between Cognitive Impairments and Access to 
Information Technology” by Wayne Gordon, discusses the symptoms and causes of 
cognitive impairments from a medical perspective.  
 
This is followed by “The Impact of Aging on Access to Technology” by Sara Czaja, which 
addresses the effect of aging on the process of learning and acquiring new skills – a 
particularly relevant topic when considering the use of IT.  
 
In his paper “HCI for People with Cognitive Disabilities,” Clayton Lewis discusses the 
level of cognitive demand placed on people by the modern information society and how 
those with cognitive disabilities should be accommodated by IT systems.  
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Ray Adams, in “Cognitive Impairments, Information Technology Systems and the 
Workplace” presents a structural cognitive user model and uses this to highlight the 
different cognitive functions that need support when using IT.  
 
The next paper, “Cognitive Impairments, Information Technology Systems and the 
Workplace” by Cathy Bodine takes a more practitioner-oriented view of how cognitive 
impairments have a direct impact on the workplace, in particular highlighting the 
comparatively high proportion of people with such impairments that are unemployed. 
 
Moving beyond the workplace and into the classroom, David Rose focuses on Universal 
Design in education in “Cognition and Learning: Meeting the Challenge of Individual 
Differences.” His paper describes the process of learning and the challenges of 
structuring IT to maximize its support of that process. 
 
Michael Pieper also addresses the educational divide, although with more of an emphasis 
on the social and societal factors that also play a role in a child’s educational 
development. His paper is entitled “Bridging the Educational Divide: Tutorial Systems to 
Introduce Standard Applications to the Learning Disabled.” 
 
In “Developing Inclusive e-Learning and e-Entertainment to Effectively Accommodate 
Learning Difficulties,” Anthony Savidis and Constantine Stephanidis provide examples 
of e-Learning tools that have been developed to support users with learning difficulties in 
acquiring practical skills. Their design philosophy is to structure the learning as a game.  
 
Still on the topic of learning and developmental disabilities, Emily Hacker examines the 
IT available for adult learning in her paper “Expanding Technology Access for Adults 
with Developmental Disabilities at F.E.G.S Health & Human Services Network.” 
 
The final symposium paper, “Cognitive Difficulties and Access to Information Systems: 
An Interaction Design Perspective” by Peter Gregor and Anna Dickinson, examines how 
an interaction design process can be modified to be more responsive to the needs of users 
with cognitive disabilities.  
 
The last paper in this special issue is not from the Symposium. Instead it is a workshop 
report from the recent W4A – International Cross-Disciplinary Workshop on Web 
Accessibility 2005 sponsored by SIGACCESS. The authors are Simon Harper, Yeliz 
Yesilada, and Carole Goble. 

And finally… 
Just a reminder that the call for ASSETS 2006 will soon be available. Watch this space! 
 
 
Simeon Keates 
Newsletter Editor 
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The Interface Between Cognitive Impairments and 
Access to Information Technology   

Wayne A. Gordon, Ph.D. 
Jack Nash Professor 

Department of Rehabilitation Medicine, Mount Sinai School of Medicine 

E-mail: Wayne.Gordon@mssm.edu 

http://www.tbicentral.org 

What are the cognitive impairments that can cause functional 
difficulties specifically in relation to interaction with information 
technology systems? 
Many different types of cognitive impairments can result in functional difficulties: 

• With impairment of information-processing speed, the person’s response time will 
be slow. The person will take longer to process and respond to visual, verbal 
and/or written information. Not just language, but instead all information-laden 
stimuli, will be processed slower. Thus, the person may still be processing one 
piece of information, when the next (and the next) “intrude”. 

• With impairment of attention, the person will have difficulty paying attention to 
verbal and/or visual information. Attention span may be brief, and, thus, the 
person may have difficulty sustaining attention for the time needed to process the 
information that is provided. Brief “messages” will be processed better than those 
that are lengthy, i.e., attention-demanding.  

• With impairment of language, the person may have a variety of difficulties, e.g., 
in understanding what is said to them, in expressing themselves and/or in 
retrieving words that they wish to speak or write. 

• With impairment of visual perception, the person may have difficulty seeing the 
entire visual field or differentiating visual information. Thus, part of what is on a 
“page”, e.g., the whole left side, may not be seen at all. 

• Impairment of memory is a common cognitive impairment. Typically, memory 
loss is more pronounced for new information than it is for historical or old 
information. Memory loss can be the result of impaired attention, as it is difficult 
to recall information that is not encoded or to which insufficient attention is paid.   

• With impairment of executive functions, the person may have difficulty 
responding to complex task demands, problem solving or conceptualizing 
information. Thus, the person has a diminished ability to “put together” all the 
separate informational pieces of a situation and “run with them” appropriately. 

• Cognitive impairments act as a barrier to the learning of new information. While 
new information can be learned, with such impairments, learning is often slow 
and tedious. This often implies the need for repetition of what is being learned, 
over a much lengthier period than for non-impaired people. 
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With impairment of the basic cognitive functions delineated above, impairment of 
intelligence is likely, as intelligence is considered the aggregate of all cognitive functions. 
The functional consequences will be diverse, depending on the level and types of 
intelligence required in any specific situation. Thus, information that might have easily 
been processed prior to impairment may require a level of intelligence the person no 
longer has. 
Cognitive impairments can present themselves in a variety of manifestations, as a person 
may have difficulty in only a single domain or in multiple domains of cognitive function, 
and the severity of the consequences of impairment may vary across domains of 
cognitive function. Thus, an individual may have only slight challenges in terms of visual 
perception, but have severe memory problems.  
The functional implications of cognitive impairments are diverse. For example, one 
person may require instructions to be printed in large type or to be subdivided into 
multiple steps. Another person may need blocks of information to be brief. Some people 
may have difficulty processing text that is fully justified, as the variations in spacing 
between words create confusion in their visual processing. A person may not be able to 
attend to and/or process all the information that is presented, for example, when the 
“page” of information is highly complex, as on many website pages. Some individuals 
may be unable to understand the information he/she is being asked to process, as it is too 
complex or requires basic information as a “prerequisite”. If addressing multi-step tasks, 
people with an impairment of memory may not recall what they have already done or 
what they have yet to do. And, most challenging for others trying to help, the person may 
be unable to explain the difficulties that they are having, as some may be unaware that 
they are having difficulties, while others may not be able to pinpoint the nature of the 
problem.  
The relationship between the severity of cognitive impairment and use of technology has 
never been empirically studied. However, it seems logical to assume that those with 
deteriorating conditions like Alzheimer’s Disease and other types of dementia are not 
good candidates on which to base technological developments. If one prioritized needs 
for adaptations of technology, those with stable impairments and those who live with 
impairments for longer life periods would argue that the impact of improved technology 
would be greatest for them (see below). 

What are the causes or conditions that lead to such impairment 
symptoms? 
Many types of medical conditions can result in cognitive impairment.  For example, 
traumatic brain injury (TBI) results in cognitive impairments. TBI is the result of a blow 
to the head in which there is an alteration in mental status. In other words, the person 
becomes dazed, confused, disoriented and even loses consciousness for a period of time 
that can be brief (seconds or minutes) or long (hours, days, weeks). Usually the durations 
of the period of altered mental status or the period during which the person has no 
spontaneous recall of events (post-traumatic amnesia) serve as indicators of the severity 
of the cognitive impairments that result. However, individuals who sustain even a brief 
period of altered mental status can suffer from debilitating cognitive impairments that act 
as barriers to employment and community function. People who sustain a TBI often 
spontaneously recover function for a period of time following their injury. In addition, 
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their ability to improve continues as they learn new ways of approaching tasks and to 
compensate for their impairments. Thus, one of the defining features of TBI is 
impairment that either stays the same or gets better with time. It does not get worse. The 
cognitive impairments that result from aneurysms in the brain or from brain tumors are 
quite similar to those that are secondary to TBI, as long as the person does not experience 
a recurrence of the tumor or suffer from the effects of further intervention, e.g., 
chemotherapy or radiation therapy. Thus, these conditions result in impairments that, 
after an initial period, are relatively stable, i.e., the person stays the same and does not 
deteriorate or get worse.   
Multiple sclerosis (MS) and Parkinson’s disease (PD) can also result in cognitive 
impairments. MS is a medical condition that results from the demyelization of neurons in 
the spinal cord and the brain. It more frequently occurs in women than in men, and it is 
most likely to strike when the individual is age 20 to 40. The course of MS can be 
relatively slow and impairments become worse over time. PD is a disease of the elderly 
and results from an alteration in the production of dopamine, a neurotransmitter, within 
the brain. Like MS, it is a deteriorating condition that gets worse over time. In its later 
stages, PD can result in dementia. 
Other medical conditions that result in cognitive impairment include stroke, Alzheimer’s 
disease and the various types of dementia. These conditions are primarily found in the 
elderly. Stroke usually results in cognitive impairment, which is relatively stable; the 
nature of the impairments depends on the side of the brain that has been damaged. For 
example, those with right hemisphere strokes are likely to have perceptual difficulties, 
while those with left hemisphere strokes are likely to have diverse impairments in 
understanding language and in expressing themselves. Alzheimer’s disease and the 
various types of dementia are deteriorating conditions, the time course of which can be 
slow. 
Many other medical conditions can result in cognitive impairments. For example, 
epilepsy can result in cognitive impairment, when seizures are severe or as a result of 
neurosurgical interventions to remove areas of the brain that are sources of excess 
neuronal activity. Substance abuse can also result in cognitive impairments, depending on 
the substance used and the frequency and duration of the abuse. In addition, cognitive 
impairments may result from medical interventions or treatments, such as chemotherapy 
or radiation therapy or from exposure to toxic substances such as lead, organophosphates 
or certain types of molds, e.g., stachybotris. 

What are the prevalence rates of the causes of cognitive 
impairment? 
The prevalence rates of many types of cognitive impairment are not known. For example, 
while it is estimated that 5+ million people in the United States have experienced TBI, 
this number is an underestimate of the actual numbers, because it only includes those 
who have sought medical attention in a hospital emergency room. Frequently cited 
prevalence data do not include those who seek medical attention in the office of a 
physician or those who do not seek medical attention at all, e.g., victims of assault or 
domestic violence, those with concussions or those whose altered mental status may be 
overlooked while other more obvious medical needs are being attended to, e.g., sports-
related injuries or falls. However, research suggests that about 7% of the population may 
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experience impairments as a result of blows to the head, leading to a very different 
estimate of 19+ million. Similarly, the number of people with cognitive impairments 
secondary to medical interventions or to toxic exposure is not known.  
For other conditions, such as stroke, where a more significant proportion of those who 
experience the condition are hospitalized, prevalence data are more reliable. For example, 
5.4 million people are known to be living with the consequences of stroke, about 1.5 
million with PD and about 400,000 with MS.  
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The Impact of Aging on Access to Technology 
Sara J. Czaja 

Department of Psychiatry and Behavior Sciences 

Center on Aging 

University of Miami Miller School of Medicine 

Introduction 
Two major demographic trends underscore the importance of considering adaptation to 
technology by older adults: the aging of the population and rapid dissemination of 
technological innovations. In the past decade, developments in computer and information 
technologies have occurred at an unprecedented rate and technology has become an 
integral component of work, education, communication and entertainment. Technology is 
also increasingly used within the health care arena for service delivery, in-home 
monitoring, interactive communication (e.g., between patient and physician), transfer of 
health information and peer support. For example, in 2003, 76 % of Americans reported 
that they used the Internet and 65% have Internet access at home (UCLA Internet Report 
– “Surveying the Digital Future”, 2003). Use of automatic teller machines, interactive 
telephone-based menu systems, cellular telephones, and VCRs is also quite common. 
Furthermore, telephones, television, home security systems and other communication 
devices are becoming more integrated with computer network resources providing faster 
and more powerful interactive services. In essence in order to function independently and 
successfully interact with the environment, people of all ages need to interact with some 
form of technology.  
At the same time that we are witnessing explosive developments in technology the 
population is aging. People aged 65+ yrs. represent approximately 13% of the population 
and this number will increase to 22% by the year 2030. Moreover, the fastest growing 
subgroup within the older cohort is the "oldest old" (85+ yrs.) (Federal Interagency 
Forum on Aging Related Statistics, 2000). Recent data for the U.S. indicate that although 
the use of computers and the Internet among older adults is increasing there is still an 
age-based digital divide. As shown in Figure 1, in 2002 about 34% of people age 65+ 
accessed the Internet compared to nearly 100% of 16-18 year olds (The UCLA Internet 
Report – “Surveying the Digital Future”, 2003). 
Not having access to and being able to use technology will increasingly put older adults 
at a disadvantage in terms of their ability to live and function independently and 
successfully negotiate the built environment. Furthermore, the full benefits of technology 
may not be realized by older populations. Technology holds the promise of enhancing the 
quality of life and independence of older people by augmenting their ability to perform a 
variety of tasks and access information and services. However, unless we have an 
understanding of why older adults have difficulty adapting to new technologies and older 
adults are perceived as active users of technology by system designers successful use of 
technology will continue to be a challenge for future generations of older people. Given 
that technology is not static people will continually confront the need to learn new 
systems or activities at multiple points during their lives. The varieties of technology that 
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are available are increasing at an unprecedented rate. Thus the topic of aging and 
technology will continue to be an important issue in the upcoming decades.  

Internet Use by Age and Year
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Figure 1.  Data Source: The UCLA Internet Report – “Surveying the Digital Future” 

UCLA Center for Communication Policy, January 2003 
A commonly held belief is that older people are resistant to change and unwilling to 
interact with “high tech” products such as computers.  However, the available data 
largely dispute this stereotype and indicate that older people are receptive to using 
computers. However, the nature of their experience with computers, available training 
and support, ease of access and the type of applications that are available are important 
determinants of their receptivity.   
To make technology available to people of all ages and abilities a challenge for the 
research and design community is to better understand: (1) why technology is difficult to 
use when it is; (2) how to design technology for easier and effective use; and (3) how to 
effectively teach people to use and take advantage of technologies that are available 
(National Research Council, 1997). This paper will discuss the implications of age-
related changes in abilities that may have an impact on technology access. The focus will 
be on cognitive processes.  

Age-Related Changes in Abilities: Implications for Design 
In general, today’s elderly are healthier, more diverse and better educated than previous 
generations. For example, between 1970 and 2000 the percentage of adults aged 65+ who 
have completed high school increased from 28% to 70%, and in 2000 at least 16% had at 
least a bachelor’s degree. Consistent with demographic changes in the U.S. population as 
a whole, the older population is becoming more ethnically diverse. Currently about 84% 
of people aged 65+ are non-Hispanic white; this proportion will drop to about 74% in 
2030 and 64% by 2050. The greatest growth will be seen among Hispanic persons, 
followed by non-Hispanic blacks. With respect to health, on some indices, today’s older 
adults are also healthier than previous generations. The number of people 65+ reporting 
very good health and improvements in physical functioning, such as ability to walk a 
mile or climb stairs, has increased in recent years. However, the likelihood of developing 
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a disability increases with age, and many older people have at least one chronic condition 
(Administration on Aging, 2002). The likelihood of developing a cognitive impairment 
also increases with age. For example, one in 10 people over 65 and nearly half of those 
aged 85+ are affected by Alzheimer’s Disease (Alzheimer’s Association, 2005). 
Disability rates among older adults have important implications for the design of 
technical interfaces. For example, use of a mouse or keyboard may be difficult for some 
older adults and many older people may need adaptive devices such as font enlargement 
software or amplification systems. People with disabilities, especially disabled elders and 
minorities with disabilities are also less likely to use technology such as computers and 
the Internet (Pew Internet and American Life Report, 2004). 
There are also a number of changes in abilities associated with “normal” aging that have 
implications for the design of technical systems. For example, although most older adults 
do not experience severe visual impairments, many older people experience declines in 
eyesight sufficient to make it difficult to perceive and comprehend visual information. 
Age-related changes in vision have implications for the design of written instructions and 
manuals and display screens. Many older adults also experience some decline in audition 
and changes in motor skills, including slower response times, declines in ability to 
maintain continuous movements, disruptions in coordination, loss of flexibility, and 
greater variability in movement (Rogers & Fisk, 2000). These changes in motor skills 
may make it difficult for older people to use current input devices, such as a mouse or 
keyboard. Changes in perceptual motor abilities may also make it difficult for older 
adults to successfully interact with on-line training programs or multi-media programs.  
There are a number of age-related changes in cognitive abilities that are relevant to the 
design of technology. The existent literature of aging and cognition indicates that many 
component cognitive abilities such as working memory, attentional processes and spatial 
cognition, show decline with age especially under conditions of complexity or when a 
task represents an unfamiliar cognitive domain such as is the case when confronting new 
technology (e.g. Park, 1992; Park 1994). Age-related declines in cognition have 
important implications for technology access. Declines in working memory may make it 
difficult for older people to learn new concepts or skills or recall complex operational 
procedures.  Declines in attentional capacity may make it difficult for older people to 
perform concurrent activities or switch their attention between competing displays of 
information.  They may also have problems attending to or selecting task targets on 
complex displays such as overly crowded websites.   
Essentially, human-technology interaction is an information-processing task. In most 
cases during an interaction with technology the user is required to search for and identify 
displayed information, select responses based on this information, recall commands and 
operating procedures associated with those responses and execute the response (Protor & 
Vu, 2003).  Several studies (e.g., Czaja & Sharit, 1999, 2001) have shown that cognitive 
abilities such as working memory, attention and spatial abilities are important predictors 
of performance of computer-based tasks. Thus, ultimately age-related changes in 
cognition may have a negative impact on access and use of technology. To date, little is 
known about how age-related changes in cognition influence performance of technology-
based tasks.  
The literature also suggests that there is a certain amount of reserve capacity held by 
older adults and that the performance of older people can be improved through training 
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and design manipulations. For example, a recent study by Sharit and colleagues (Sharit et 
al., 2003) found that use of a graphical aid improved the ability of older people to 
navigate telephone menu systems. Investigators have also shown that the nature of the 
training protocol impacts on learning success for older people. Mead and colleagues 
(Mead & Fisk, 1998) in a study examining training for ATM machines found training 
interactions with age such that there were greater gains for older adults for procedural 
(“action”) versus conceptual training. Unfortunately, there is only limited data available 
on training for technology-based tasks.   It is also important to note that there is 
considerable variability in performance with age. Thus one can not draw conclusions on 
age-technology interaction on the basis of chronological age. 

Conclusions 
Clearly computer and information technologies hold promise for improving the 
independence and quality of life for older adults and their families. However, for the full 
potential of technology to be realized for these populations the needs and abilities of 
older adults must be considered in system design. Unfortunately to date, designers of 
most systems have not considered older adults as active users of technology and thus 
many interfaces are designed without accommodating the needs of this population (Czaja 
& Lee, 2002). Usability problems relate to screen design, input device design, complex 
commands and operating procedures, and inadequate training and instructional support. 
In essence to insure that older people are able to successfully adapt to technology we 
need detailed information on user preferences and needs, problems with existing systems 
and the efficacy of design solutions.  
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HCI for People with Cognitive Disabilities 
Clayton Lewis 

Scientist in Residence, Coleman Institute for Cognitive Disabilities 

Rehabilitation Engineering Research Center for Advancing Cognitive Technologies 

E-mail: clayton dot lewis at colorado dot edu 

 

The top value for many people with cognitive disabilities is 
social inclusion.  
The self-advocacy movement  (Dybwad & Bersani, 1996) grew out of resistance to 
oppressive practices of institutionalization (and worse) for people with cognitive 
disabilities. Moving beyond the worst abuses, people with cognitive disabilities seek as 
full participation in society as possible. 

Access to information is critical to social inclusion and 
increasingly reliant on technology.  
The Web has greatly increased access to information for many people, and in the process 
has become an indispensable avenue of participation (see National Council on Disability, 
1996, for a thorough discussion of the importance of the Web.) As Ivan Illich observed 
(1976), the automobile has made it impossible to walk. Similarly, the Web has created 
demands beyond those of simple literacy because it is so useful for those who can access 
it. 

Limited research shows that people with cognitive disabilities 
have the same kind of problems with websites as other people, 
but with greater severity.  
For example, many people are annoyed to find that the BACK button does not work 
when a Web page has opened in a new window; this annoyance becomes a serious 
obstacle for people with cognitive disabilities (Small et al., 2005). Pilot work with a 
modified browser (Davies et al., 2001) suggests that some of these difficulties can be 
eased by increased attention to accessibility in browser design, work that should be 
pursued. 

Access to textual information, whether on the Web or elsewhere, 
is difficult.  
Some people with cognitive disabilities are wholly illiterate, while others have difficulty 
with complex sentence structure, and/or have limited vocabulary. 

Advances in language technology should be applied to text 
simplification. 
 Recent developments in statistical modeling of very large corpora have led to rapid 
progress in language engineering, including machine translation (see e.g. 
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http://www.nist.gov/speech/tests/mt/mt05eval_official_results_release_20050801_v3.html ). 
While these methods cannot be applied directly to automatic text simplification, because 
of the lack of large parallel corpora of raw and simplified text, there are possible 
approaches to be explored. These include studying the behavior of full language models 
when restricted to subset vocabularies, the use of vector space meaning models to select 
bags of words in a limited vocabulary whose meaning approximates a target text, and the 
development of a language model for simplified text based on selecting simplified text 
from the Web. 

A theoretical framework for the simplification of conceptual 
content is needed.  
Besides changing the language of expression, editing material by hand for increased 
cognitive accessibility requires judicious simplification of content. It would be useful to 
have theoretical guidance for such simplification, both to support possible automation, 
and to improve the quality and reduce the cost of manually edited materials.  

Communication systems not relying on text should be more fully 
explored.  
As already mentioned, some people with cognitive disabilities are wholly illiterate. A 
variety of communication schemes using simple pictures have been in use for years, but 
understanding of what characteristics of the pictures are crucial, or of well-founded ways 
of using them to express abstract ideas, is lacking. Cathy Bodine (personal 
communication) has found that, in some situations, abstract symbols can be very effective 
for people generally thought to be dependent on very concrete pictures. 
Task prompting systems, for example those developed by AbleLink Technologies 
(http://www.ablelinktech.com ), use pictorial prompts to guide users through the steps of 
workplace or daily living tasks. Here again, knowledge of what attributes pictures should 
have for particular users’ needs is lacking. 
Recently Swedish researchers (Danielsson & Jönsson, 2001) have developed innovative 
systems using large volumes of digital images to support communication, and, given the 
increasing ease of capturing, storing, and managing images, these ideas should be further 
developed. 

Modern life is very demanding cognitively.  
The book, In Over our Heads: The Mental Demands of Modern Life (Kegan, 1994), 
documents many of the challenges of life in a rapidly changing, increasingly competitive 
society. Sadly, people with cognitive disabilities, who once might have been protected by 
friends and family in a simpler, overwhelmingly agrarian society, are now vulnerable to 
many forms of exploitation, as well as having difficulty taking on many of the roles that 
modern society offers. 

Access to human companionship and support is important.  
To cope with these dangers, and these limitations, people with cognitive disabilities rely 
on supportive relationships with other people. Supportive relationships are a vital part of 
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life for almost everyone, intrinsically rewarding as well as instrumentally valuable, but 
they are even more important for many people with cognitive disabilities. 

New communication technologies may help.  
New communication technologies in the US, and more strikingly in Asia and Europe, are 
greatly increasing people’s ability to be constantly in touch. Mobile phones allow people 
to be in communication almost anywhere, any time. Text messaging allows 
communication silently and unobtrusively, even in settings in which a telephone 
conversation would not be workable. Versions of these technologies, including such 
features as picture dialing and picture messages, may allow people with cognitive 
technologies to be more independent, while retaining access to support when needed. 
Variants of these technologies can provide more direct support, by enabling a caregiver to 
monitor a person’s environment. Ned Kirsch and colleagues at the University of 
Michigan (Kirsch et al., 2004) have developed a system that allows a clinician to monitor 
the conversation of a person with a brain injury, who has trouble controlling excessive 
volubility. The clinician can issue a simple prompt, “Be brief,” that helps this person 
exert appropriate control.  
Always-on communication could provide assistance with problems of ordinary life. The 
mother of a young man with Down syndrome tells of an incident (Trainer, 1991) in which 
her son returned very upset from a trip to the movies with friends. His friend celebrated a 
birthday by (unexpectedly) buying the tickets for the party, but then refused to share her 
popcorn, which was very distressing to the son. When the mother pointed out that the son 
could have bought popcorn using the money he had saved on his ticket, the son 
recognized that that was so. But, at the time, at the theater, he had not had that idea, and 
his disappointment over the popcorn spoiled his evening. With always-on 
communication, the son could have gotten help while at the theater, either by requesting 
it, in response to being upset, or (potentially) by the mother being able to detect that he 
was upset remotely. 

Technology that detects everyday life problems and provides 
guidance may be a long-term possibility; short term in some 
cases.  
It is already feasible to provide automated monitoring for some situations, including the 
“Be brief” situation, and another common effect of brain injury, difficult-to-control 
profanity. It is within the state of the art to train a monitoring system to detect the need 
for prompts in situations like these. Eventually, emotional upset such as occurred in the 
popcorn incident could be detected, so that human assistance could be invoked, and, in 
the much longer term, systems that could actually diagnose such problems, or detect 
problematic exchanges with strangers, may become possible. 

Moving to the meta level, HCI has not been a focus in cognitive 
assistive technology work.  
Neither HCI nor related terms occur in Dave Edyburn’s literature review (2004) of the 
special education technology literature. 
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HCI for people with cognitive disabilities is at the guideline 
stage.  
Around 1980 the state of the art in user interface design was the application of any of 
large numbers of design guidelines. These suffered from being vague, in many cases 
(“use familiar language”) and insufficiently sensitive to context. Appropriate use of color, 
for example, depends on many contextual factors that can’t be captured effectively in 
guidelines. Current advice on cognitive accessibility is at an analogous stage; see e.g. 
Bohman & Anderson 2005, Hudson et al. (2005), or Mirchanandi, 2003. 

Like HCI generally, it needs to be based on theoretical models 
and empirical methods. 
 Progress in HCI after 1980 was driven by the development of useful theoretical models, 
such as Card, Moran, and Newell’s model human processor (1983) or the Kieras and 
Polson Cognitive Complexity Theory model (1985), and, perhaps even more, by the 
emergence of effective empirical methods for evaluating and improving user interfaces. 

Theory is a major challenge.  
There is reason to doubt that a “model human processor”-like model is feasible for people 
with disabilities. Studies of intelligence (see Deary, 2000) argue against any simple 
architectural account of even specific disabilities, let alone the whole spectrum of 
disabilities. The chromosomal abnormality that causes Down syndrome produces scores 
of known changes in brain structures, some of them quite sweeping (Pennington & 
Bennetto, 1998). At the same time, efforts to isolate specific contributions to intelligence, 
or deficits in it, have foundered on the general finding of correlations among 
performances in virtually all mental tasks, however simple, rather than (as many hoped) 
evidence of differences in simple, identifiable mechanisms. Despite these 
disappointments, continued progress in the development of architectural frameworks like 
ACT-R (Anderson et al., 2004) justifies investment in studies of individual differences, 
especially cognitive disabilities, from that perspective. Results would have implications 
for HCI. 

Quasi-theoretical methods like PUMs and Cognitive 
Walkthrough require understanding of cognitive processing by 
people with cognitive disabilities that we do not have.  
These methods (see Young et al., 1989, and Wharton et al., 1994) have proven useful in 
mainstream HCI. But they rely on our having a working knowledge of how users respond 
to common situations that arise in HCI. We lack this for people with cognitive 
disabilities. A complicating factor is increased variability, as Sutcliffe et al. (2003) found 
in studies of email use. 

People with cognitive disabilities need to be included in user 
testing panels.  
The biggest reason for our ignorance is there have been so few studies of people with 
cognitive disabilities in usability tests. Discussion of this omission suggests that an 
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important reason for it is uncertainty about how to obtain human subjects review 
approval for working with such participants. This appears to be soluble problem, in that 
appropriate protocol treatments could be developed and shared among research groups. 
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Abstract 
A practical taxonomy of IST functional requirements is developed here based upon 
occupational and cognitive factors to consider systematically: 

• the IST requirements of individuals with different cognitive skills and 
impairments; and, 

• the opportunities and solutions that IST developers can generate. 

The focus is on functionality and accessibility to IST function in the work-place. Whilst 
vocational factors provide the context of use, cognitive notions proved more useful and 
precise when considering systematically the range of accessibility solutions that need to 
be developed in IST. Analysis shows that this taxonomy captures the range of potential 
accessibility solutions.  

Introduction 
The aim is to provide a basis for the following set of important questions and issues, and 
then to tackle them, in order to achieve at least some important theoretical and pragmatic 
insights into cognitive impairments at work. If we can achieve some significant 
conceptual innovations, we will then have a more advanced conceptual framework with 
which to identify eAccessibility solutions for eInclusion. 

Conceptual instruments 
These are tough questions, if they were not, they would have been put to rest many years 
ago. In fact, it is probably the case that we have only recently been able to formulate 
these questions clearly, as a prerequisite to formulating answers. If so, we will need a 
repertoire of powerful conceptual tools, to have sufficient understanding of crucial 
aspects of intelligent human behaviour. No one discipline is sufficient here. At least three 
perspectives, namely; occupational science, cognitive science and computing science are 
used here, since three should generate a reasonably accessible set of constructs with 
which to work.  
Accessible cognitive IST resources can mediate between cognitive skills and the 
achievement enhanced performance levels and of work objectives. Powerful cognitive 
IST resources can even augment cognitive skills and boost work performance 
significantly. If so, then insights into vocational and cognitive factors will generate 
powerful, accessible design principles and IST solutions. This deceptively simple view 
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will, as I hope to demonstrate, lead to some surprising and powerful conclusions. 
Inaccessible IST can create additional barriers which halt our personal skills and skills 
potential from being expressed by our work performance and achievements. Sometimes, 
IST is part of the solution, sometimes it is part of the problem.  
To avoid overlap, for occupational science, only macro concepts which relate directly to 
the work place will be considered. For cognitive science, I focus on micro concepts and 
related approaches which underpin human, vocational behaviour. In the computing 
science perspective there, and only there, will I focus on technological design issues and 
solutions.  

Perspective One: Occupational Science 
We all transit through distinct stages and different roles, for example, getting a job. What 
are the demand characteristics of these transitions? What are the differential implications 
of these transitions for people who have different strengths and weaknesses, different 
abilities and impairments?  
Key stages or roles in a person’s lifespan development include:  

• First age 

o education 

• Second age 

o higher education 

o vocational training 

o employment 

o progression 

o promotion 

• Third age 

o downsizing 

o retirement 

At each stage, macro cognitive skills and impairments are differentially influential. For 
example, Sternberg’s triarchic theory of human intelligence proposes that there are at 
least three types of intelligence; namely analytical, creative and practical. If it is the case 
that education and higher education focus on analytical thinking, rather than on creative 
or practical thinking (Sternberg and Bur-Zeev, 2001), then individuals with problems or 
impairments in analytical thinking skills will face difficulties even though they may be 
gifted elsewhere. Conversely, the arts may call for creative skills and vocational training 
for practical thinking. Of course, the absence of analytical skills does not in itself imply 
the presence of practical skills. 
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Figure 1. The Simplex 2 model 

Perspective Two: Cognitive Science 
However, vocational factors do not, by themselves, give us sufficient precision to identify 
design principles and IST solutions for eAccessibility for eInclusion. We need to specific 
skills and impairments. How can we capture current knowledge about cognitive skills and 
impairments? There are a number of options, which are reviewed elsewhere. 
Our approach (Simplex 2 – see Figure 1) is a model which is intended as both a 
framework for researchers in universal access and for accessible systems design. It is a 
descendant of Broadbent’s Maltese cross model which itself draws upon a considerable 
weight of research evidence. The benefits of this approach will hopefully emerge from 
this discussion. 
On this view, there are five components of intelligent human behaviour i.e.: 

• Input / perceptual processes 

• Working memory processes 

• Long term memory processes 

• Output / response processes 

• Executive processes 
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Based on further work with the cognitive science literature and with designers, we have 
identified a further four components: 

• Feedback processing 

• Cognitive models 

• Emotions and motivation 

• Complex response processes 

Perspective Three: Computing Science 
The aim is now to combine the vocational and cognitive processes to provide a solutions 
matrix for accessible IST solutions. Rather than start with a basic treatment of computing 
science, I begin with “an evolutionary path from Assistive Technologies to Design for All 
and Universal Access to the Information Society, and more recently towards Universal 
Access to ubiquitous computing and Ambient Intelligence” (Stephanidis, 2005).  

Answering the questions 

“What are the specific causes or conditions that lead to 
difficulties in securing and succeeding at initial employment?” 
The individual with learning difficulties is at high risk of failing at this stage. Without 
additionally supportive resources, they are unlikely to acquire sufficient qualifications or 
complete an application form impressively without specific training. Here the importance 
of eLearning cannot be emphasized enough. The person with learning difficulties needs 
well structured and highly repetitive learning materials. They may need to learn in error 
free conditions. Conversely, the person with autistic spectrum disorders or Asperger’s 
Syndrome without accompanying marked learning problems may do well at familiar 
examinations or selection tests, particularly if computerized. However, they will often do 
badly in interviews and other social settings without specific training 
Cognitive deficits through brain injuries may often not be picked up at the selection stage 
but may rapidly become apparent in early performance at work. This is particularly 
relevant where frontal lobe injuries are associated with executive process malfunctions. 
Such individuals may offer appear to have typical cognitive processes but face substantial 
problems when given responsibility to organize and implement work tasks. Such people 
will often need IST systems which provide organisation and structure to their day, by 
prompting, provision of information etc. I have also had experience of individuals with 
head injury or medicated schizophrenia who started a new job well but who froze when 
confronted with apparently conflicting work requirements. 

 “What are the cognitive impairments that can cause functional 
limitations in the workplace specifically with relation to 
interaction with information technology systems?”  
As discussed above, we believe that there are at least nine components of human 
cognition that can cause functional limitations in the workplace specifically with relation 
to interaction with information technology systems. They are: 

• Input / perceptual processes 



Page 22 

• Working memory processes 

• Long term memory processes 

• Output / response processes 

• Executive processes. 

• Feedback processing 

• Cognitive models 

• Emotions and motivation 

• Complex response processes 

It is vital to diagnose which of the above apply to a given individual. This simple 
cognitive architecture also has a message for the IST solutions developer, namely that 
there are at least nine types of technological solution to be develop for the inclusive 
society to be a reality. 

“What are the specific causes or conditions that lead to 
difficulties in long-term employment and “ageing in place”?” 
We all change over our life-spans. Here the perspective or evolutionary psychology is 
insightful i.e. what skills do we need to survive and how do our requirements change with 
age? In initially, we tend to be focused on the outside world, with relatively fast reflexes 
but relatively low background knowledge. As we mature, we gain more and more 
knowledge which builds up over time. Our survival depends less and less on responding 
quickly unusual events or threats in the environment and more and more on using our 
past knowledge and experience to solve the problems and challenges of life. Whilst, in 
principle, any of the nine cognitive functions can show decline, in practice we can 
categorize them as (a) executive functions and (b) non-executive functions. Individuals in 
category (a) need support with self-organization and maintaining structure in their 
lifestyles. Such difficulties may not be apparent in a standard psychometric assessment, 
since basic skills like, for example, working memory, can remain unimpaired. They will 
need IST solutions which support self-organization and maintaining structure. There is 
always the risk, however, that they will decline to use their cognitive skills appropriately 
unless monitored. Conversely, individuals in category (b) will have good organizational, 
task learning and structuring skills. In many cases, where they face a decline in specific 
cognitive skills e.g. acquisition of new knowledge, they may be able to fall back on 
effective strategies like making analogies with prior knowledge and tasks. Executive 
functions are, however, limited in their capacity to compensate for cognitive deficits. 
Once such individuals are comfortable to accept their skills deficits, then they can be 
given IST to support those functions that need it. Perhaps in the future, better methods 
and better ways of restoring such deficits will be found. 
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“What types of assistance are available today and what types of 
workplace issues do they address? Why these difficulties and 
not others?” 
Looking at IST, there are, of course three types of solution for eAccessibility for 
eInclusion, namely  

• assistive technology which augments mainstream technology;  

• accessible systems which follow Design for All principles to make systems 
accessible for all; and,  

• universal access which takes DfA and adds adaptability and adaptivity. 

It is noticeable that for systems which support performance rather than learning, the 
majority of solutions are still aimed at input (senses and perception) and output 
(psychomotor and verbal responses).  

• It is now recognized by the European Union’s Framework Program Six that 
cognitive disabilities and cognitive technology constitute the one area where 
much could be done to improve eAccessibility.  

• Cognitive impairments are the least well known, the most complex to 
understand and the most difficult to resource  

• One promising approach to cognitive deficits is through “Universal Access to 
ubiquitous computing and Ambient Intelligence” (Stephanidis, 2005).  

• A second, related approach is based upon the development of cognitive user 
models as bases for understanding user requirements and where accessible 
solutions can be found. 

Examples of solutions 

Example One: Education / processes 
Beekman (2005) gives the example of a very able student (Patricia Walsh) who lost her 
sight when 14 years of age. She had learned Braille but needed a way of depicting 
equations for her studies. Fortunately, John Gardner, a blind physics Professor at Oregon 
State University was developing maths and science tools for people with visual 
impairments. Patricia now uses his Tiger Tactile Graphics and Braille Embosser. She can 
now print equations, graphs and emails as raised patterns, so she can now read her class 
notes again. Incidentally, she is now a computer science major at OSU. 
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APPENDIX 

Example Two: Employment / executive functions 
In the increasingly complex world of work, and for working conditions that are 
downright dangerous, virtual reality offers the prospect of a dry run of complex scenarios 
to facilitate planning and preparation. This approach can be particularly helpful for the 
stroke victim who has frontal lobe damage and perhaps also has sustained physical 
deficits. They are enabled to go through potential scenarios over and over until they are 
well planned and prepared.  

Example Three: Education / executive processes 
Inspiration is a software tool that facilitates the organisation of concepts to support the 
clarification of thinking and long term planning. Concepts are represented by a range of 
visual techniques to portray ideas visually and make them accessible to critical inspection 
and reorganization.  

Example Four: Employment / working memory 
NeuroPage is a telephone pager system which alerts the user by an auditory signal or 
vibration when a scheduled message is received. This device is increasingly used to 
circumvent prospective working memory errors and so support users with memory 
problems to live a normal life as far as possible (Inglis, E., Szymkowiak, A., Gregor, P., 
Newell, A.F., Hine, N., Wilson, B.A. and Evans, J., 2002). 

Example of Inclusion 
It may have once been true that every one who uses a computer is a nerd or a hacker, but 
that is not now correct. In the past, people without the traditional IST skills or resources 
were excluded. Beekman (2005) reports the case of Vaughn Rogers who was into art 
rather than programming. Rogers discovered the Computer Clubhouse in Cambridge 
Massachusetts where he learned to use computers to create his art. Now he has crossed 
the digital divide of eExclusion and is studying visual communication and animation at 
College. At the same time he is now assistant manager at the Computer Clubhouse, 
enabling others with creative skills to deploy computers in their work. 
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What are the cognitive impairments that can cause functional 
limitations in the workplace specifically with relation to 
interaction with information technology systems? 
21.3 million Americans have some form of cognitive disability and a large majority of 
these individuals are working age adults (Braddock, 2005).  Cognitive impairment, often 
labeled as a “hidden disability” is loosely defined as a disability that affect’s an 
individuals awareness; memory; and ability to learn, process information, communicate 
and make decisions.  “Cognition” refers to “understanding,” the ability to comprehend 
what one sees and hears, and to infer information from social cues and body language.  
Persons with cognitive impairments have difficulty learning new things, expressing 
themselves through spoken or written language, and making generalizations from one 
situation to another (Davis, 2000). 
Persons with cognitive disabilities present with varying diagnosis along with varying 
levels of impairment.  There is ‘no one size fits all’ definition or description of 
individuals with cognitive impairments.  Cognitive disabilities may be neurobiological 
(Asperger’s Syndrome, Attention Deficit Hyperactivity Disorder (ADHD).  They can also 
be acquired (Traumatic Brain Injury) or inherited (Tourette’s Syndrome, Fragile X 
Syndrome).   
Functional limitations in the workplace that can significantly impact an individual’s 
ability to interact with information technology systems can include obsessive, repetitive 
routines and preoccupations with a particular subject matter; developmentally 
inappropriate levels of attention, concentration, activity, distractibility and impulsivity. A 
number of individuals with cognitive disabilities struggle with the inability to ‘take in’ 
information through their senses (touch, movement, smell, taste, vision and hearing).  
This sensory integration disorder can co-exist, or be the result of, other disorders such as 
learning disabilities, autism or brain injury.   
Persons with specific learning disability have significant difficulties in understanding or 
in using spoken or written language, manifesting itself in difficulties with listening, 
thinking, speaking, reading, writing, spelling, or doing mathematical calculations.  Other 
cognitive disorders include visual perceptual deficits; difficulty in receiving and/or 
processing accurate information from the sense of sight, although there is no acuity 
impairment.  Many individuals have difficulty picking out an object from a background 
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of other objects or seeing things in correct order.   Auditory perceptual deficits are 
reflected in difficulty receiving accurate information through auditory means, even 
though there is no hearing impairment.  The deficit lies in how the brain interprets what it 
is hearing.  Many individuals have difficulty understanding and remembering oral 
instructions, differentiating between similar sounds, or hearing one sound over a back 
ground of noise. 
Traumatic Brain Injury (TBI) can significantly affect many physical, cognitive and 
psychological skills.  Physical deficits often include ambulation, balance, coordination, 
fine motor skills, strength and endurance.  Cognitive deficits manifest themselves in 
language and communication, information processing, memory and perceptual 
difficulties.  Psychological status is often altered and the majority of individuals with 
acquired brain injuries struggle with adjustment issues. 
Cognitive disabilities impact an employee’s basic skills, social skills or both.  Other 
problems that may exist include an inability to manage time, restlessness, distractibility, 
poor memory, and the need for extra time and extra supports to complete projects. 
Interacting with information technologies by persons with cognitive disabilities in the 
workplace can be exceptionally frustrating and lead to abandonment of technology and 
often the job itself.  Seemingly small problems such as the inability to visually track 
information from a horizontal to a vertical plane can literally stop someone from using a 
computer.  The size of the font, background colors, the amount and kinds of information 
that must be perceptually comprehended, inattention, inability to remember more than 
one or two steps in a sequence, etc. all create barriers to the use of information 
technologies. 

What are the specific causes or conditions that lead to 
difficulties in securing and succeeding at initial employment? 
National data shows that 77% of those with non-severe disabilities are engaged in some 
form of employment, while only 26% of those with severe disabilities are employed.  
However, the vast majority of these workers with disabilities are not utilizing information 
technologies in their jobs.  In fact, most are employed in low wage or minimum wage job 
settings that do not involve any type of information technology. 
Specific causes or conditions that lead to difficulties in securing or succeeding at initial 
employment vary from social or attitudinal barriers to the inability to learn to use the 
various technologies inherent within the job itself.  For the majority of individuals with 
cognitive disabilities the learning curve or time it takes to learn to use information 
technologies is prohibitive.  The complexity of the technologies can be overwhelming.  A 
simple task such as turning on a computer, waiting for the password dialogue box, 
entering a password, locating the start menu and selecting the appropriate program to 
launch can be, and often is, an impossible task for persons with cognitive disabilities. 
Interestingly enough, the primary difficulty encountered by persons with disabilities, 
particularly those with cognitive disabilities in securing and succeeding at initial 
employment involves social skills.  The number one reason individuals do not succeed in 
employment settings is because they do not demonstrate ‘acceptable’ social behaviors.  
Poor social skills coupled with difficulty learning or executing job tasks frequently leads 
to difficulty maintaining employment.  
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It is important to note that recent studies and rehabilitation clinicians are reporting that 
computer-based learning tools can be very effective strategies for training or re-training 
cognitive skill sets (Hagerman, 1999; Wehemeyer, 2004; Davies, 2005).  Many 
individuals with cognitive disabilities such as autism, ADHD and traumatic brain injury 
respond exceptionally well to programs designed to specifically remediate various 
cognitive deficits. 

What are the specific causes or conditions that lead to 
difficulties in long-term employment and “aging in place”? 
Virtually all individuals with Down Syndrome have ‘Alzheimer-like’ manifestations by 
the age of 35 and 30% of individuals with Fragile X syndrome demonstrate similar 
cognitive decline over time (Hagerman, 1999).  For many individuals with cognitive 
impairments, ‘aging in place’ in the workforce presents myriad difficulties.  Tasks 
previously within their range of competence can become increasingly difficult to 
perform.  Short- and long-term memory skills can fluctuate over time and physical 
difficulties can exacerbate.  Vision and hearing can change, often dramatically and often 
without notice by peers or the individual themselves.  Persons with cognitive disabilities 
may not react to change and the additional barriers of aging and decline can be 
prohibitive. 
For individuals without disabilities who prefer to remain in the workplace as they age 
various declines can occur.  Elders often manifest similar disabilities to those experienced 
by individuals with known cognitive disabilities.  Difficulties with complex materials or 
instructions, memory loss, physical, visual and auditory access, and fatigue impact day-
to-day work performance.  Attitudes between the two groups can be dissimilar however.  
While very view individuals intentionally advertise their disability, elders in particular, 
do not appreciate being identified as having a cognitive deficit, nor do they like to be 
perceived as obviously disabled.   

What types of assistance are available today and what types of 
workplace issues do they address? Why these difficulties and 
not others? 
Available assistance for persons with disabilities include national and State programs 
such as the Division of Vocational Rehabilitation, entirely devoted to assisting persons 
with disabilities to achieve, maintain or regain employment; the Office of Workforce 
Development (the old ‘unemployment offices’); Community Centered Boards (CCBs); 
The ARC and other social service networks.  Employment assistance can range from full-
time job coaching services to assistance with filling out employment applications or 
providing leads for jobs.   
The most sought after and recognized assistance by these agencies is called ‘natural 
supports’.  Natural supports consist of identifying individuals or environments that lend 
themselves to helping or facilitating an individual’s ability to succeed in the workplace.  
A sympathetic co-worker or supervisor who ‘watches out’ for the individual with a 
disability; a quiet environment someone can retreat to when they become over stimulated; 
all tend to be highlighted as natural supports.   
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Please also give examples of technology-based solutions and 
initiatives that today address the issues discussed above. 
Technology-based solutions that address cognitive disabilities can range from very 
simple low-tech, low-cost solutions such as a picture-based instruction set or schedule of 
events (AbleNet Technologies, Inc; Attainment Corporation, Inc.), to high-tech, high-cost 
computer based environmental control systems, auditory prompting systems (AbleLink 
Technologies, Inc), and communication aids for individuals who have significant 
expressive/receptive communication deficits (Saltillo Corporation, Prentke Romich, Inc.; 
Dynavox Systems, Inc.).   
The Job Accommodations Network, or JAN, lists thousands of job categories with 
requisite accommodations or modifications that can be made to enable employment 
within the various job categories.  The Office of Workforce Development provides a 
‘one-stop’ shopping experience for individuals who need assistance with everything from 
qualifying for Temporary Aid to Needy Families (TANF) to qualifying for Social 
Security or vocational supports.   

Consider and discuss future scenarios for technology-based 
solutions and initiatives that you believe would help. 
Persons with cognitive disabilities struggle with everyday issues.  Getting out of bed on 
time, selecting appropriate apparel to wear to work, eating nutritious foods, traveling to 
and from work, executing job tasks effectively, making friends; all of these activities can 
be facilitated with various technological supports.   
For example, learning to use public transportation requires significant cognitive and 
physical effort.  In Colorado, we are exploring the use of Mobility Agents to aid 
individuals with cognitive disabilities with transportation issues.  Almost 70% of 
individuals with cognitive disabilities struggle with how to travel to and from work in a 
timely and safe manner.   
The cost of job coaches, supported employment and other vocational supports are 
prohibitive and often unavailable outside major metropolitan areas.  Persons with 
cognitive disabilities need ‘error-free’ learning opportunities and continuous repetition of 
learning tasks in order to become successful in the workplace.  Information technology 
has the capacity and the potential to facilitate job skills development and retention.   
We are exploring the use of Virtual Tutors and various context-aware, prompting systems 
to support these extensive training needs.  There are myriad opportunities to develop 
systems that can operate on a continuum of repetition, degree of complexity, and across 
thousands of vocational skill sets for individuals of all abilities. 
Future scenarios should include unobtrusive, context-aware technologies that assist 
individuals to live independently, travel safely, and execute job or learning tasks.  
Information technology should also respond intuitively to the end-user.  The abilities of 
persons with cognitive disabilities (auditory, visual, physical, and cognitive) can fluctuate 
from day-to-day, hour-to-hour, and sometimes minute to minute.  Information technology 
can and should respond fluidly to fluctuations in performance. 
The notion of ‘natural supports’ must be explored within the context of information 
technology development, deployment and everyday usage.  A ‘sympathetic’ information 
technology system can be aware of the need to provide additional supports on an as 
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needed basis; intuitively adjust job tasks to the performance barriers experienced by the 
end-user and can guide the end-user to learn new tasks and experience new opportunities. 
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Introduction 
Recent advances in the cognitive sciences, and especially in the cognitive neurosciences, 
have made one thing abundantly clear – there is no simple way to characterize, or 
localize, cognition.  The journal Cognitive Psychology takes a typical approach to this 
problem; instead of directly defining cognitive psychology, the journal lists the kinds of 
processes that are commonly included – memory, language processing, perception, 
problem solving, and thinking.   
Unfortunately none of these processes are easily defined or categorized either. In fact, the 
recent explosion of imaging studies in cognitive neuroscience has demonstrated that none 
of these are really coherent or localizable functions at all.  Few neuroscientists or 
cognitive scientists now think, for example, that memory, language, or perception are 
simple or unitary functions.  In fact they are all highly distributed functions anatomically, 
they have many different subcomponents that are activated in differing tasks and 
contexts, and they are surprisingly difficult to separate from each other in practice.  When 
attention, problem solving and thinking are added to the mix, things get pretty 
complicated.  
In this brief paper, we shall not resolve what cognition is, but will choose another 
common tactic – to recognize that every act of cognition involves a few broad functions 
that are both anatomically and psychologically distinct. While neuroscience suggests 
considerable complexity in any act of cognition, it is possible to identify three broad 
components that are recognized in both the psychological and neuropsychological 
research (e.g. Luria, 1973; Cytowic, 1996).  Broadly speaking, one component recognizes 
patterns, one generates patterns, and the third determines which of the patterns are 
important to us.  Each of these components is involved not only in cognition generally, 
but in the functions that we call memory, language processing, problem-solving, and 
possibly thinking.   

Recognition Systems 
Most of the posterior (back) half of the brain’s cortex is devoted to recognizing patterns 
(e.g. Mountcastle, 1998; Farah, 1999).  Pattern recognition makes it possible to identify 
objects in the world on the basis of the visual, auditory, tactile, and olfactory stimuli that 
reach our receptors.  Through recognition systems we learn to know that a particular 
stimulus pattern is a book, a dog’s bark, the smell of burning leaves.  In reading, to take a 
more cognitive example, pattern recognition systems identify basic patterns in 
orthography, phonology, semantics, as well as the many higher-level patterns of written 
syntax, paragraph structure, story grammar, style, etc. 



Page 31 

When recognition systems in posterior cortex are damaged or undeveloped, the brain’s 
capacity to know what things are - to recognize objects, symbols, or signs by their 
perceptual properties - is compromised.  From a neurological perspective there are many 
names for both general and specific types of recognition problems – e.g. the receptive 
aphasias (difficulty recognizing spoken words), the visual agnosias (difficulty 
recognizing objects that are seen), dyslexias (difficulty recognizing written words), 
amusia (difficulty recognizing the patterns in music) and so forth.  Imaging studies on 
many types of recognition problems reveal atypical patterns of posterior activation – the 
work on dyslexia is a notable example (Shaywitz, 2004).   
But recognition problems are not exclusively neurological in origin. The term recognition 
- re-cognition - emphasizes the experiential role in knowing. What we perceive, what we 
remember, what we are able to imagine in order to solve problems, how we can 
understand spoken or written language – all depend on your ability to re-cognize, to 
remember and reconstruct the patterns that we have previously experienced, the patterns 
we have learned. Re-cognition is a key part of any cognition, and any learning. But 
recognition is only one part of cognition. 

Strategic Systems 
The anterior part of the brain (the frontal lobes) comprises the networks responsible for 
knowing how to do things – holding a pencil, riding a bicycle, speaking, reading a book, 
planning a trip, writing a narrative.  Actions, skills, and plans are highly patterned 
activities, requiring the frontal brain systems to generate such patterns.  Frontal strategic 
systems are critical for all tasks that involve learning how to act effectively in the world. 
Working in concert with recognition systems, frontal systems allow us to learn to read, 
compute, write, solve problems, plan and execute compositions and complete projects 
(see Jeanerrod, 1997; Fuster, 2002; Stuss and Knight, 2002; Goldberg, 2003). 
Strategic systems are important even in learning how to learn. With the help of infrared 
cameras, Yarbus (1967) studied eye movements as individual subjects examined a 
picture. He found that the patterns of eye movements differed predictably according to 
the questions asked by the examiner. For any normal adult, different questions led to very 
different patterns of eye movements, the outward sign of very different strategies.  The 
capacity to direct one’s eyes strategically in this way, like other strategies, is located in 
the frontal lobes and depends upon experience.  Luria (1973), for example, showed that 
individuals with damage in prefrontal cortex, or normal inexperienced children, do not 
examine pictures so skilfully or strategically, they do not know how to look at, or learn 
from, the content of an image.  
Similar frontal systems are critical in any kind of information processing, any act of 
cognition.  In reading, for example, competency is not simply in recognizing patterns in 
visual text, but in knowing how to look for patterns - knowing how to look at the critical 
features of the letters, knowing how to “sound out” an unfamiliar word, knowing how to 
look for the antecedent of a pronoun, knowing how to look for an author’s point of view.  
Not surprisingly, frontal cortex lights up in skilled readers (e.g. Shaywitz and Shaywitz, 
2004; Sandak et al., 2004).   
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Affective Systems 
At the core of the brain (the extended limbic system) lie the networks responsible for 
emotion and affect.  Neither recognizing nor generating patterns per se, these networks 
determine whether the patterns we perceive matter to us, whether they are important, and 
help us decide which actions and strategies to pursue.  They are not so critical in knowing 
how to recognize an “A” but in knowing whether an “A” is important (see, for example, 
Damasio, 1994; Lane and Nadel, 2000; Panksepp, 1998; Ledoux, 2003; Ochsner, Bunge, 
Gross, Gabrieli, 2002) . 
The affective systems, like strategical and recognition systems, are distinctive parts of a 
distributed system for learning and knowing (Lane and Nadel, 2002, Ledoux, 2003).  
Clinicians have shown, for example, that amnesiacs may be totally unable to recognize a 
person or object and yet be able to react appropriately to their affective significance.  The 
patient may be fearful of a doctor who has given them a needle, for example, even though 
they have no conscious recollection of ever having seen him before. 
Under normal circumstance, like viewing a picture, affective preferences are often subtle.  
Different aspects will strike different individuals as significant or meaningful.  Those 
features will attract more attention, and be remembered better than others.  Men and 
women differ, for example in the details of what they will attend to and remember in 
complex pictures; each individual has a unique history, which will affect somewhat what 
is important to us about that picture. 
As a result of the effective operation of affective systems, we are able to prioritize goals, 
develop preferences, build confidence, persist in the face of difficulty, and care about 
learning.  Damage to the limbic system can impair the ability to establish priorities, select 
what we value or want, focus attention, or prioritize actions. These affective factors are a 
critical part of any act of cognition.   

The Integrated Systems and Cognition 
In reality, all three systems contribute an essential kind of knowing that is central to what 
we call cognition. Successful learning requires all three – recognizing patterns in the 
environment, adopting successful strategies for acting on those patterns, and knowing 
what is most important.  Learning impairments result from weakness in any of the three. 
As a simple confirmation, the recent widely circulated NRC report summarized “three 
potential stumbling blocks” in learning to read: 

“The first obstacle, which arises at the outset of reading acquisition, is difficulty 
understanding and using the alphabetic principle -- the idea that written spellings 
systematically represent spoken words.  It is hard to comprehend connected text if 
word recognition is inaccurate of laborious. The second obstacle is a failure to 
transfer the comprehension skills of spoken language to reading and to acquire 
new strategies that may be specifically needed for reading.  The third obstacle to 
reading will magnify the first two:  the absence or loss of an initial motivation to 
read or failure to develop a mature appreciation of the rewards of reading.” 

Education, Information, and Universal Design for Learning. 
How can modern information technology support individuals who have difficulties in any 
of the cognitive systems we have described? 
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For the past 20 years, CAST has sought to harness the power of technology for improving 
education for individuals with disabilities and their peers – both children and adults. Out 
of that work has come the framework called Universal Design for Learning (UDL) that is 
now being widely adopted nationally and promoted by the U.S. Department of Education. 
Adapted from the concept of universal design in architecture, where structures are 
designed to accommodate the widest spectrum of users, UDL calls for the design of 
educational methods and materials that are designed to succeed with the widest range of 
learners possible, especially including students with disabilities.  Within UDL, we have 
found it helpful to use the three-part framework borrowed from the neurosciences (Meyer 
and Rose, 1998) as a guide for instructional design.  For a longer description of 
universally designed learning environments and the research around them, see Rose and 
Dalton (2002) and Rose and Meyer (2002). 
Key to universal design for learning is the power of new technologies to provide a 
flexible foundation – a foundation that is flexible in three ways. 

Providing Flexible Means of Representation. 
With printed books, there are major limitations in meeting the needs of students with 
different recognition capabilities. For one thing, there are limited modalities for the 
display of information - primarily text and images.  For another, the content and its 
display are inextricably linked - information is “fixed,” in a single format, sequence, and 
display for everyone.   
With new digital media designed to support UDL, on the other hand, there is considerable 
flexibility to meet the needs of individuals with a wide range of cognitive, and especially 
re-cognitive, abilities. First, there is a wider palette of representation available – not only 
text but also flexible images, video, sound, networks, even virtual reality.  Second, with 
digital media, the content can be separated from its display. As a result, the content can 
be generated once and later displayed in a variety of ways – in a different sequence, in a 
different layout or modality mix, or even with selection of different elements for actual 
display. Third, each medium remains flexible for many kinds of inter and intra modality 
transformations, many of which can be generated automatically.  Information in text, for 
example, can be presented simply as text, or as text that “talks” itself aloud, or as text that 
has hyperlinks to vocabulary definitions (including images) for the ESL reader; or as text 
with flexible font sizes for the student with visual acuity limitations, text with 
accompanying background information for the student with cognitive disabilities, etc.  
All of these simple alternatives remove barriers for some students and provide scaffolds 
for other apprentices. 
There are two advantages to having “multiple representations.”  The obvious one is that 
we can therefore ensure that more children will have access to the meaning in 
information. There is another, however, that is important in a learning context.  With 
flexible ways of presenting information, the learning environment can be tailored to the 
child in such a way as to allow students to “focus” their learning - providing 
opportunities to direct their practice and effort toward more efficacious kinds of skills 
and strategies – cognitive training wheels.  
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Providing flexible means of support for action and expression. 
The second aspect of cognition, the “strategic systems” for action and expression, are 
also highly variable among students with cognitive impairments.  In a modern digital 
environment it is possible to embed many ways of supporting such students as they build 
or implement strategic skills.   
What kinds of supports can be embedded?  Previous research provides a guide and in the 
work at CAST we embed the kinds of supports suggested by the literature on cognitive 
apprenticeships (Collins, Brown and Newman, 1989) and on the cognitive neuroscience 
of motor action (Jeanerrod, 1997; Goldberg, 2001; Fuster, 2002).  Both of these 
literatures highlight the supports that are typical in an apprenticeship:  
 
 1) models of the skill or strategy to be “mirrored” or emulated 
 2) supported practice with a gradual release of support  
 3) relevant and timely feedback. 
 
Consider a new digital learning environment called Thinking Reader recently released 
from Scholastic. It is designed to support students in learning to read strategically. Unlike 
printed texts, students find the supports and scaffolds they need are embedded in the 
digital learning environment. When they are learning a new strategy – predicting, 
summarizing, or visualizing, for example - they will find a virtual agent available, a 
highly skilled mentor who can demonstrate how to apply the strategy right at that point in 
the text.  That mentor, unlike a real teacher, is always available with the click of a mouse, 
and is tireless about repetition.  When they begin to practice the skill themselves, they 
find scaffolds available that can be gradually withdrawn as they build fluency. They 
might find, for example that the text is highlighted for them to help draw attention to 
information relevant to predicting, or that key points have been presented (along with 
distractors) to help them understand the step of selecting the most important information 
in building a summary.  These scaffolds can be gradually withdrawn as they gain 
independence.  Finally, as students make early choices to construct predictions, or select 
items to include in a summary, they get immediate feedback, feedback that is timely and 
relevant. 
The key is that these supports are individualized – they are different for each student 
according to their needs. This helps to avoid the dual-ended problems that are typical in 
educational settings – students who are bored because the task is too easy, and students 
who are terrified or reluctant because the task is too hard.  

Providing flexible means of engagement. 
It is no surprise that students display considerable variation (both intra- and inter-
individual) in the ways in which they can be motivated and engaged in learning.  Whether 
a student is successful in learning new cognitive strategies, or applying the ones they 
already have mastered, depends to a large extent on whether they are motivated to do so, 
whether they are engaged by the goals, by the lesson, by the teacher, or whether they are 
distracted by competing demands or attractions in the classroom (Koskinen, Palmer, 
Martin, Codling, & Gambrel, 1994).  
Students with many kinds of cognitive disabilities are vulnerable affectively - either as a 
primary aspect of their disability, or as a secondary effect.  Students who have learned to 
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expect failure, students who are anxious in a competitive learning environment, students 
who have weak attentional controls, etc., do not enter the learning environment with the 
same opportunities to learn as other students.  
Printed texts, and particularly textbooks, offer little in the way of options for meeting the 
challenge of engagement in a diverse classroom.  Digital learning environments, 
however, can be much more differentiated and individualized in the way that they meet 
the varying needs of students. Primarily, digital environments for learning provide choice 
- choice in appearance, in level of support, in type of support, in method of response, in 
content, in speed and distractors.  These choices, especially when they are in the hands of 
students, are keys to whether students feel that the environment “feels right” for them – 
that it provides the right balance of support and challenge.   

The Promise of Universal Design for Learning. 
By attending to three simple things – the alternative ways in which information can be 
presented, the alternative ways in expression can be taught and scaffolded, and the 
alternative ways in which students can be engaged in learning – we have been able to 
design learning environments that are pedagogically effective for both regular and special 
education students, commercially successful, and innovative enough that they are being 
widely copied.  At that, however, we have barely begun.  
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Digital Divide and Educational Divide 
A 1998 inquiry by the U.S. government showed that 42% of all U.S. households had a 
computer and 26% regularly used e-mail or more far-reaching Internet-based services. 
More recent but not fully comparable studies have revealed, that gradually, the originally 
extremely remarkable differences in Internet use between men and women and young and 
elderly have decreased, which is probably due primarily to the increasing user-
friendliness and controllability of graphical user interfaces. But at present, income-
caused, educationally conditioned differences in Internet use are increasing dramatically. 

Public/Private Partnerships to counteract Educational Divide 
(Examples from Germany) 
In the mid-1990s, German society and politicians became aware of the important role of 
the educational sector for the development of the information society. Consequently, a 
large variety of activities have been started to prepare pupils for this future. Most of these 
ongoing actions are performed in public/private partnership. The first bundle of actions, 
to a large extent publicly acknowledged because of many government publications and 
PR activities, is focusing on IT infrastructure in schools, e.g.: 

• Virtual schools: sponsoring Internet access and activities. Very recently, the 
German Ministry of Education communicated the successful completion of this 
program; since the end of 2001, 99% of German schools have had access to the 
Internet (vs. only 15% 3 years before). 

• Market place for schools: sponsoring second-hand PC equipment. There is still a 
wide gap between the large demand from thousands of schools and the small 
number of used PCs offered for free by private companies. 

• Electronic classroom initiatives: various actions, often limited to a few selected 
sites or only one school; e.g., equipping a school with mobile units consisting of 
four PCs or with a notebook for every pupil. 

A second bundle of actions, less known to the public and even to teachers, is orientated 
towards software equipment and applications, e.g.: 
 
 

• SchoolWeb: an Internet portal for all types of schools offering learning materials 
and communication features; 
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• NetDays: a competition and exhibition of school projects, organised as a virtual 
event on the Web but until now limited to some of the Bundeslaender (German 
states); 

• Learning software development and distribution: also very recently, the German 
Federal Ministry of Education stated that this will become the focal point of 
future actions; more than 300 million euros have been allocated for this purpose. 
Current evaluations of these ongoing actions show impact predominantly on 
graduate schools. Special schools like those for the learning disabled are largely 
neglected. The reasons for this disadvantageous development might be diverse: 

a. Public awareness of special schools for the learning disabled is smaller 
and they are not so attractive for education politicians as well as for 
private companies whose sponsoring activities often depend on image 
aspects. 

b. Community members of special schools for the learning-disabled 
(administrators, teachers, parents) have internalised a modest role of a 
“silent minority” and don’t assert their needs in the same way as the 
community members of graduate schools. 

c. Even if special schools reach the normal hardware standard, they cannot 
make use of the offered software because it is not adapted to the special 
educational needs of the learning disabled. 

Thus the well-meant measures for promoting IT at schools contain the risk to intensify 
the digital/educational divide, to the detriment of the learning disabled. To avoid this risk, 
it is necessary to examine their special situation and needs. 

Cognitive and Learning issues 
In order to reduce educationally caused differences in the use of computer systems, 
further research efforts are thus required in order to be able to offer ability- and talent-
adapted help systems as well as accordingly adapted dialogue interfaces. A major 
prerequisite that as a basic architectural principle determines systems design in this 
respect demands support of target-achieving “evolutionary learning”[1, 2].  
Evolutionary learning basically differs from design, circumscribing potential learning 
pathways desired by humans, while evolution describes the pathways actually taken.  
Learning disabled pupils thus have to be supported to learn within a flexible framework 
of their own design, which encourages them to initiate and formulate educational needs 
growing out of their own experiences, intuitions and common sense. The role of the 
teacher must be reshaped to that of mentor and consultant. In this respect, media 
competence must be enriched stepwise based on previously acquired knowledge in 
accordance with individual learning speeds. 
Learning disabilities occur more frequently than assumed and affect different cognitive 
and sensory-motor skills, e.g.: 

• perception 

• memory 

• concentration 
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• motion 

• reading/orthography 

• math skills, etc. 

Often a learning disability becomes a complex problem  when several of these handicaps 
bundle in one person, and nearly as often other (social) problems contribute to, or result 
from, learning disabilities, e.g.: 

• low-income household or unemployment 

• lower-class neighbourhood 

• broken family 

• foreign cultural origin (language/religion) 

Regularly, learning disabilities have a negative impact on: 
• school career 

• social acceptance 

• chances on the labour market 

• self-confidence of the young person 

It is obvious that, under the circumstances and demands of the upcoming “knowledge 
society,” the learning disabled suffer from a key handicap to which the society must pay 
more attention than ever. 
In order to overcome the special obstacles for the learning disabled, computer and 
Internet use has to offer opportunities to: 

• individualise learning processes in order to achieve maximum optimisation with 
respect to individual knowledge states and learning speeds of pupils; 

• illustrate abstract learning contents; 

• provide and distribute content-wise and formatively high-quality training aids, 
e.g., instructional information resources and appropriate test forms, which would 
not be possible to deal with otherwise due to learning disabilities; 

• develop and extend communicative structures, from the local school network up 
to worldwide communication over the Internet; 

• concretely apply acquired knowledge, e.g., pupils send e-mails and immediately 
get replies from their communication partners; 

• gain access to an enormous, constantly updated store of knowledge in the context 
of special instruction where school books are occasionally not up to date; 

• engage in social learning by group work with computers, requiring co-operation 
and communication; and 

• increase the learning motivation of the pupils and make pedagogic use of already 
available interests, curiosity and readiness for instruction. 
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Future scenarios of technology-based solutions 
It is important that single distinctive learning steps have a limited amount of educational 
content and that well defined training objectives are attainable and recognisable for the 
pupils. This kind of evolutionary target-achieving learning is  very valuable for learning 
disabled pupils with many frustrating learning experiences. However, the advantages of 
evolutionary target achieving learning become effective only if the tutorial system 
complies to appropriate software ergonomic standards, which apply to instructional 
education of learning disabled pupils in general. First, these design standards refer to the 
dialogue structure and HCI modalities, e.g.: 

• easy operability of the entire program 

• consideration of childlike learning modalities 

• clear task description 

• easy-to-understand examples for exercises 

• economic use of animation programs for additional assistive instructions only 

• multimodal content representation (image, text, speech) 

• clear (multimedia) instructions 

• context-sensitive help 

• UNDO/REDO anywhere and anytime 

• INTERRUPT (pausing) anywhere and anytime 

• adjustable length of the learning sequences 

• adjustable learning speed 

• different degrees of difficulty 

• immediate feedback after (sub-) task accomplishment 

• personalised achievement protocol/achievement-related enquiry options 

• conventional instruction handbook to the program 

For the special target group of learning disabled pupils, it additionally turned out to be of 
relevance that user interface design of tutorial systems be compliant with certain 
standards for display ergonomics and content adaptation, e.g.: 

• clear and unique screen layout 

• cleared-up desktop organisation 

• neutral, eye-friendly colours of the background 

• large enough fonts 

• reader-friendly, short texts 

• clear paratactical sentences, no hypotactical sentence structure    

• no terminology or other understanding barriers 
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It is thus necessary to return to simplicity in software and user interface design. Each 
additional bit of limited mental flexibility, poor vocabulary and limited ability to 
understand sentence syntax and semantics. Much of the multimedia possibilities that 
fascinate an average user are thus wrongly applied in learning environments for learning 
disabled pupils. 
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Introduction 

Inclusive e-Learning 
The requirement for e-inclusion of software applications and services relates to the 
employment of appropriate development strategies so as to accomplish accessibility and 
increased interaction quality at deployment time. Effectively, inclusive e-learning is the 
outcome from the application of e-inclusion design and implementation methods in the 
context of e-learning systems. 
The development of e-learning systems is targeted towards supporting the overall 
learning process with software instruments enabling: (a) learners to easily and effectively 
assimilate the learning material; (b) tutors to carry out more productive and effective 
learning processes; and (c) supervisors to organize, execute, monitor and evaluate the on-
line learning process.  
In this context, e-learning systems are basically “information systems”, however, not 
always structured and developed following the particular software engineering methods 
of the information-systems field. For instance, edutainment software employs multimedia 
interaction methods to deliver cartoon-like, mostly drill-and-practice, sessions in a 
“learning by playing” fashion. In such systems, the learning content is mostly fused with 
the multimedia presentation logic, usually not being modeled and stored as structured 
content in a database. Additionally, training systems targeted to putting trainees very 
close to the real working tasks and activities put primary emphasis in the implementation 
of “learning by doing” methods. 

Inclusive e-Entertainment 
The role of entertainment for pedagogical purposes, supporting or even complementing 
the learning process, is well known in the education domain, being universally 
acknowledged. Today, electronic entertainment is very popular, attributing to a huge 
number of commercial game titles, while only in US having an annual turnover far 
exceeding the American Box Office. Additionally, there is a wide spread total of 
specialized game consoles, with a total number being larger than the amount of home 
personal computers. 
While there has been a lot of research and development towards universal access, it is 
only recently there the need for accessible entertainment has been widely recognized, 
with the formation of the Game Accessibility Special Interest Group (GA-SIG, 2004) of 
Independent Game Developers Association (IGDA), defining game accessibility as “the 
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ability to play a game even when functioning under limiting conditions. Limiting 
conditions can be functional limitations, or disabilities - such as blindness, deafness, or 
mobility limitations”. More recently, there is a serious trend for introducing games for 
training and learning (known as game-base learning, Prensky, 2000) in order to take 
advantage of the unparalleled motivation and engagement that computer games can offer 
to learners of all ages. 
While being primarily driven by our objective to provide e-learning systems for people 
with mild or sever cognitive disabilities, during early development and experimentation it 
quickly became obvious that playing is an added-value instrument that can be deployed 
not only to accomplish increased motivation, but also as a genuine learning or training 
tool to sharpen particular skills and capabilities. 

Deploying systematically both domains 
 In this context of we have concentrated in developing an accessible application suite 
consisting of inclusive e-learning and e-entertainment applications, accommodating 
learning difficulties concurrently combined with severe sensory and / or motor 
impairments. This objective was put forward in our attempt to pursue integrated inclusive 
e-learning technologies, that would effectively deliver to learners an educational 
experience accompanied with thoroughly accessible entertainment instruments. This 
article briefly reports the design, implementation, evaluation, and deployment experience 
regarding specific inclusive e-learning and e-entertainment systems. The reported 
systems addressed the need of vocational training and entertaining for people with 
learning difficulties combined with sensory and / or motor impairments. In this context, 
two educational applications were developed, adopting a didactic style borrowing 
elements from both “learning by doing” and “learning by studying” approaches, and two 
accessible entertaining applications with an originally training deployment purpose:  

• Educational applications. (a) An accessible “canteen manager” application, 
training hand-motor and people with cognitive disabilities for the cashier 
management of a typical “canteen”.  In this case the training application was also 
the real-life application system, while the training process has been carried out 
with a supervisor either present in the field or indirectly monitoring through a 
camera. (b) A multimedia “sew tutorial” application, training people with 
cognitive disabilities in typical sewing tasks. In this case, the trainees are put in 
front of the real sewing devices, while the training process is based on two 
strategies: (i) giving each student a personal computer, requiring that they 
manually operate the multimedia tutorial application; and (ii) putting a single 
large projected display and loud speakers, as a coordinated training session guided 
and operated by a tutor-supervisor. 

• Entertaining applications. Two desktop accessible and highly configurable action 
games, for combined disabilities like cognitive, hearing, motor ad vision 
impairments. The critical importance of universally accessible games for disabled 
people has been acknowledged in the recent establishment of the SIG on Game 
Accessibility of the Independent Game Developers Association – the HCI 
Laboratory is a member of this SIG. In particular, the two action games are 
accessible and configurable remakes of the Access Invaders and the Pong games, 
which from early experiments proved to play a significant role in challenging and 
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sharpening basic kinesthetic skills, orientation capabilities, short-term strategic 
thinking, and decision making, while highly enhancing the esteem of involved 
disabled players / learners. Their effective deployment concurrently with the 
typical educational applications has had an amplifying effect and supported faster 
learning cycles. 

The conclusions drawn from this particular research work relate both to the design 
aspects as well as to the deployment approach, for both the accessible educational and 
entertaining applications. Overall, this work has resulted in the definition of a systematic 
development and deployment strategy to fuse both approaches, so as to more effectively 
accommodate learning difficulties, especially when the latter are combined with sensory 
or motor impairments as well. 

Inclusive training applications 
The two purposefully developed inclusive training applications developed are: (a) a 
cashier application (for canteen management); and (b) a sew-trainer application. 

Cashier application 
The cashier application has been developed with a twofold role: (a) to support 
accessibility for people with cognitive difficulties combined with severe disabilities on 
the upper limbs; and (b) to serve both as the initial training instrument and as the target 
application to be eventually deployed in real-life. The foreseen real-life set-up has been 
as follows: 

• The cashier application operator (the disabled user) interacts with the customer to 
receive the orders and then issues the receipt that is given to the customer; 

• Another member of the staff (an able user) gets the printed receipt from the 
customer, together with the payment, deposits the cash and then supplies the 
corresponding products. 

Following the key design requirements, the training session for the deployment phase has 
been eventually organized in two different ways (see Figure 1): (a) in direct supervised 
mode (initially, upon the early training sessions); and (b) in indirect supervised mode 
(after the user has gained adequate experience of use). The User Interface had to be easy 
to use, comprehensible and accessible. In this context, it has been decided to minimise 
the use of verbal explanations (text) as much as possible, by providing iconic 
representations, in most cases exact photographs of the canteen products, together with 
digitised speech-audio. 
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Figure 1. The organized training sessions with the cashier application in supervised and 
non-supervised mode; multiple real-life scenarios for customer arrival pace were defined 

and applied. 

This design style is different from the one deployed in common cashier applications used 
in restaurants, cafes or canteens, all of which largely employ textual descriptions. The 
initial screen of the cashier training application is provided in Figure 2 (top left). As 
shown, product categories are provided with iconic representations (not photographs), 
which have been carefully chosen among alternatives after an initial interview and 
evaluation round with end-users, scoring the appropriateness of each alternative icon 
regarding comprehensibility. After a specific product category is chosen, a menu 
consisting of the product photographs is displayed (e.g., see Figure 2 – middle left). The 
trainee may either select a product, in which case the focus moves automatically on the 
dialogue box to provide the number of purchased items or the trainee “returns back” to 
the product categories menu.  
The design decision to emphasize the use of iconic menus through exact photographic 
representations of products on the application menus has been proved to be suitable for 
the specific type of training topic and categories of trainees, as it allowed us to quickly 
shift to unsupervised sessions (actually indirectly supervised as the sessions were always 
monitored through a camera). It has been observed that trainees were capable to easily 
handle the sessions without any external support, a fact that allowed them to quickly 
increase their knowledge regarding the cashier system, while in the mean time 
developing their confidence and sense of independence in being able to effectively 
accomplish the assigned task. 
The design of the User Interface to support accessibility by hand-motor impaired users 
has employed switch-based hierarchical scanning techniques, in particular the method 
developed for augmenting the basic windows object library, originally reported in 
(Savidis et al., 1997). 
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Figure 2. The set-up of the cashier application with the special purpose I/O devices (top 
left), the main screen supporting switch-based scanning for hand-motor impaired users 
(top right), the “chocolate” selection menu (middle left), the virtual on-screen keyboard 

(middle right), and the formal design of the hierarchical scanning dialogue (bottom). 

Sew-trainer application 
This application had a similar purpose with the cashier trainer application, in the sense 
that, one the one hand it is focused on a very specific job, while on the other hand the 
training application is intended for direct deployment during the field trials. The only 
difference was related to the fact that while the cashier trainer had a dual role, being both 
the training application and the real application in the field, the “sew trainer” played 
primarily the role of a multimedia tutor. However, the deployment approach for the sew 
trainer application for real-life training sessions had to also support different tutoring 
scenarios, as it was derived from the requirements of the particular target user group. 
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Figure 3. The different types of training sessions foreseen for the sew trainer application, 

engaging people with cognitive difficulties. 
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Figure 4. Snapshot of the sew trainer application showing video explanations (top left), 

photographic illustrations of sewing machine details (top right), and details of the sewing 
machine for which information is provided, together with the form of the explanation, i.e. 

pictures or video (bottom). 
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During the initial design-discussion sessions with the experts in special education, 
coming mainly from the specific organization, where the sew trainer would be eventually 
deployed, it came out that it was critical to support both (see also Figure 3): (a) 
individualized and group training (i.e. each trainee or group of trainees sitting in front of 
a PC running the sew trainer application); and (b) tutoring classroom sessions, were the 
system is in use by a trainer, projecting into a large screen, while all trainees sit in front 
of the actual sewing machines. 
The User Interface design had to be particularly simple, delivering minimal functionality 
while emphasizing iconic illustrations and pictures. Initially, as the target user group 
consisted of language literate adults, we assumed a satisfactory reading capability. 
However, it has been quickly understood that this was not necessarily the general case, as 
we were faced with users of varying reading capabilities or deficiencies. Hence, even for 
textual / verbal illustrations it was mandated to introduce digitised speech of a relatively 
slow speech rate (it was proved very quickly that the use of speech synthesis in the Greek 
language was far less than satisfactory). 
As shown in Figure 4 (bottom) trainees may select the parts of the sewing machine for 
which they need explanation / training material. In this case, typical active areas over the 
graphical image were defined, providing audio feedback regarding the title of the 
particular associated machine accessory and / or sewing procedure. Selection can be 
carried out by either clicking on the active area or by pressing the associated push button 
(with the photographic or video camera icon). It is important to note that users had to be 
trained a little to accommodate the relationship between a line, its associated machine 
part and the iconic illustration denoting that an explanation is available. 

Inclusive entertaining applications 
The development of the entertaining applications was carried out from scratch, as we 
needed to introduce: (a) a number of purposeful game-play characteristics; (b) 
accessibility support to accommodate sensory and motor disabilities in accordance to 
learning difficulties; and (c) to encapsulate extensive configuration facilities both at the 
level of the User Interface as well as at the basic game logic. The role of the entertaining 
applications was very critical in our approach: to support implicit highly motivated and 
stimulating training for specific skills. In particular, we have chosen computer game 
genres through which we could sharpen some key basic skills, being particularly 
important for the type of the training applications we have developed. It is well-known 
that play is a fundamental activity of children that allows them to acquire the foundations 
of self-reflection and abstract thinking, develop complex communication and meta-
communication skills, learn to manage their emotions and explore the roles and rules of 
functioning in adult society (Verenikina, et al., 2003). 
This systematic concurrent deployment of purposefully developed accessible games, 
together with the targeted mission-specific training applications, has been proved fin the 
course of real practice that is more effectively accommodates learning difficulties. More 
specifically, some of the representative basic and non-basic skills that were exercised and 
sharpened with the two accessible video games developed are: 
 

• Orientation 

o Recognizing direction of a moving object 
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o Predicting direction of a moving object 

o Predicting collision of moving objects 

• Hand-eye / hand-ear coordination 

o Controlling motion with hand (mouse, keyboard, switches, joystick) 

o Moving objects in different directions, with different granularities of speed 
and displacement 

o Following a predetermined path 

o Reaching a desirable target position 

o Following the movement of another object 

• Cause and effect 

o Assimilating cause and effect 

o Reproducing cause to accomplish and effect 

o Recognizing effect and understanding its cause 

• Counting (with visual / auditory feedback) 

o Recognizing the total number objects in a set 

o Calculating when a desirable number of objects in a set is reached 

o Recognizing increment / decrement effect  

o Associating numeric values with explicitly enumerated objects 

• Comparison 

o Numeric values (higher / lower) 

o Enumerated objects (more / less) 

o Volume and size (higher – bigger / lower – smaller) 

o Distances (farther / closer) 

• Elementary arithmetic 

o Comparison (as above) 

o Counting (as above) 

o The notion of zero (nothing / empty) 

o Addition with objects and numeric values 

o Subtraction with objects and numeric values 

 

Pong game 
The Pong game is a classical remake of the original Pong game, one of the first 
computer-games ever. It has been selected due to its simplicity, as well as because it 
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offers a platform to sharpen various kinesthetic and intellectual capabilities in a 
straightforward manner, enabling us to add different scenarios and conditional progress 
within the very simple game plot. The basic game has been developed to be accessible by 
both hand-motor impaired users, as well as blind users. This has been accomplished with 
the developed of a an auditory media space (approximately 2W x 1.5H meters), 
supporting spatial audio, consisting in the final version of 24 loudspeakers (4 rows, 6 
loudspeakers each, with 24 separate audio channels). The prototype of the auditory lattice 
is illustrated in Figure 5 – a special purpose wood-made set-up is under construction. 
Game snapshots are provided in Figure 6. 

  
Figure 5. The auditory wall, as it has been prototypically set-up for the Pong media-

space game; a special purpose projection screen will be put in front of the wall, so that 
spatial audio can augment the large visual display. 

As a training instrument, the Pong game was always deployed in direct supervised mode, 
putting specific task to users with cognitive difficulties. The configuration gives 
sufficient flexibility to therapists / tutors in fine-tuning game and interaction aspects to 
individual end-user requirements. For instance, ball speed, force-feedback support and 
degree of automatic player-paddle positioning, scoring increase / decrease factors, paddle 
speed, computer opponent accuracy, etc., can be effectively configured. Additionally, the 
configurability of bitmaps allows virtually new scenes to be delivered, as shown in Figure 
7.  
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Figure 6. Snapshots of the basic screen (traditional profile), with some explanatory 
annotations; the bitmaps regarding: user / computer paddle, ball, scene boundaries and 

background are configurable. 

 
Figure 7. A radically different scene produced by selecting alternative bitmaps for the 
game objects and background; the direction of the ball is also indicated (with a special 

key shortcut) for better help to cognitive impaired users. 

The tasks put by the supervisor are given either before start-up while the user is playing; 
representative categories are defined below (some of those are reusable across different 
types of game): 

• Reach score N, then lose; 
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• Play until you hit the ball at your paddle M times; 

• Make the ball hit the left / right / up / down wall; 

• Play until the opponent score becomes K; 

• Pause the game; 

• Where is the direction of the ball after we restart? 

• Lose now; 

• Produce an explosion (happens after certain score increment); 

• Make the computer “laugh” (happens in a certain profile when loosing with 0 
score); 

• Try to make a score K less / more than M; 

Access Invaders game 
This is another remake of a classical game, which delivers a radically different class of 
action and plot. Kinesthetically, it involves varying categories of skills, while 
perceptually it requires recognition of more complicated phenomena, relevant causes and 
associated effects. Due to its more rich graphical appearance, it usually becomes more 
attractive and appealing to end-users than the Pong game itself. In the meantime, due to 
the fact that it offers a larger repertoire of game-oriented events and user activities, it 
enables the definition of numerous alternative types of training tasks. 
The availability of different profiles of the Access Invaders game is illustrated in Figure 
8. While reflecting the numerous configuration capabilities of the game, some of the 
representative training tasks is: 

• Destroy N aliens; 

• Destroy the leftmost / rightmost platform. 

• Destroy the Nth platform from the left / right; 

• Set your ship at a position where there is no alien ship above; 

• Set your ship at a position that there is a platform on top; 

• Fire N bullets; 

• Move left, right, and left again to return to the original position; 

• How many aliens are there at the bottom row? 

• Destroy a <specify color> alien. 
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Figure 8. Snapshots of the Access Invaders game, with different profiles (the bottom 

right is for low–vision). 

Conclusions 
We have concentrated on the effective accommodation of learning difficulties, when 
combined with sensory and motor impairments, through the development of accessible 
training systems. Additionally, being originally focused on the combination of 
entertaining sessions within a primarily learning process, we have resulted in the delivery 
of accessible games, with scenario-based targeted deployment. We did not prefer the 
delivery of integrated systems in the form of typical edutainment software, since for such 
job-targeted training systems, any sever deviation from the original tasks to be carried out 
by end-users in the real field becomes inappropriate. Instead, we have formulated a fused 
approach, emphasizing entertainment as a metaphoric training process, supported through 
supervised sessions, while heavily relying on metaphoric scenarios and tasks, and 
intensive trainee-trainer interaction. This integrated view of the training process, 
however, with distinct and separate roles of the deployed software instruments, is 
illustrated in Figure 9. During the playing / training sessions, it quickly became evident 
that the intensity of putting explicit tasks to end-users had to be always compromised by 
setting-up an overall atmosphere of a genuine playful experience. In other words, users 
did not appreciate the inexcusable transformation of a primarily joyful task to an 
exercising activity. So, we had to improvise and produce scenarios and trainer-trainee 
dialogue sessions that would facilitate the smooth integration and delivery of the training 
tasks as purely encapsulated events within the social gaming activity. 
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Figure 9. Integrated training combining learning and entertainment software, while 

supporting accessibility for people having learning difficulties, possibly combined with 
sensory or motor disabilities. 
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Introduction 
New technologies that have become integrated into all facets of society present a 
multitude of challenges and opportunities for human services providers and the 
consumers they serve.  The mission of F·E·G·S Health and Human Services System 
(F·E·G·S), has always been to help individuals reach their highest level of achievement, at 
work, at home, and in the community. To carry out this mission today requires setting 
new program goals to help reduce the digital divide for our consumers. F·E·G·S enters the 
21st Century committed to finding new ways of creating synergy between technology and 
health and human services to make sure the individuals we serve are able to be full 
participants in the digital age. 
Through our partnership with IBM over the last ten years, we have been able to introduce 
thousands of F·E·G·S consumers to learning technologies that can help them achieve their 
goals. Pilot projects with IBM have brought innovative literacy and language software, 
web translation software and assistive technology to F·E·G·S consumers in employment, 
training and literacy programs, as well as in programs for adults with developmental 
disabilities. In addition, every day at IBM Family Learning Centers in Long Island, 
F·E·G·S consumers use state-of-the-art technology to pursue goals in employment and 
education. 
Each year F·E·G·S serves some 100,000 individuals, approximately 9,000 each day,  
through a network of employment, career, training, behavioral health, developmental 
disabilities, home care and family services programs which operate in over 300 locations 
throughout metropolitan New York. Daily, over 1400 F·E·G·S consumers are adults with 
developmental disabilities. Developmental Disabilities (DD) are a variety of conditions 
that include autism, cerebral palsy, epilepsy, mental retardation, and other neurological 
impairments. Individuals with developmental disabilities may have cognitive or physical 
impairments or a combination of both. They may have communication impairments and 
need to use augmentative and alternative communication, such as sign language or 
communication augmentation devices to express themselves. Although these individuals 
face multiple challenges, advances in technology are providing new opportunities for 
adults with DD to learn, work, communicate and independently access resources and 
information. 

Why is access to technology important for adults with 
Developmental Disabilities? 
Adults with DD can benefit from having access to quality, current technology in 
numerous ways. Using technology, DD programs can help consumers achieve new goals 
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in speech, literacy, memory, concentration, independent living, social development and 
communication, among other significant cognitive milestones. Technology, especially the 
Internet, gives adults with DD access and exposure to the world outside of their day 
programs, homes and/or residences. These achievements are especially important now, as 
adults with DD are increasingly being mainstreamed into the workplace.  
While technologies exist today that can reduce barriers to accessing digital information 
and resources, a 2000 report by the Department of Commerce showed that close to 60% 
of individuals with disabilities have never used a computer.   F·E·G·S  is committed to 
integrating technology into educational, vocational and rehabilitation services to help 
decrease this segment of the digital divide. 
At F·E·G·S, observing the activity in one of the DD program computer labs attests to the 
importance of providing access to information technology to adults with DD. Since the 
labs upgraded equipment and software and began integrating Web-based activities, they 
have become some of the most popular classrooms in the programs. Instructors and 
Direct Support Staff report that consumers are requesting more and more time working 
with computers.  Instructors have also observed that the consumers have a greater 
awareness of the Web as a valuable resource for both personal and educational purposes 
and that their increased use of and comfort with computers has had a direct and positive 
effect on their self-esteem. 
On the programming end, the instructors have been excited by the expanded and creative 
opportunities that computers and the Web bring to their lesson planning. They especially 
like the way the integration of the Web into DD programming has given them new tools 
for personalizing instruction to the consumers’ individual interests. The instructors have 
also found that using the Web can help them prepare the consumers for field trips. Before 
a trip, some instructors will lead the consumers through a series of online activities, 
including mapping, researching bus or subway directions and visiting the field trip 
location’s web site. This additional preparation has helped the consumers feel more 
comfortable traveling to new places. The increased integration of technology into DD 
programming has significantly expanded the learning resources the instructors can use to 
create exciting new educational opportunities for adults with DD.    

Software Design Requirements 
Many software programs exist that have been developed specifically for adults with DD. 
The problem with much of this software is that the content and graphic design is too 
juvenile or the system/navigational design is too complex.  It is difficult to find software 
developers that understand how to present adult-appropriate content with simple, but 
respectful, design. Some of the most successful programs are those that add an assistive 
frame around non-specialized content. These programs do not simplify content, but they 
simplify the way content can be presented, giving users independence, flexibility and 
control of the way they access information.  
Successful software programs for adults with DD need to be flexible – to accommodate a 
range of special needs; personalized – to build comfort with the computer; user-
controlled – to provide opportunities for users to make choices based on their interests 
and needs; interactive – to keep users engaged; and meaningful – dealing with real-life 
issues.  The software must also have audio narration, since some users will have limited 
to no literacy skills.  
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Content Requirements 
For instructional software that teaches particular topics and skills (as opposed to software 
that adds assistive tools to any content), the following content is valuable for adults with 
DD: 

• Transportation and Travel 

• Health and Hygiene  

• Money Management and Finance 

• Communication 

• Home Management 

• Self Care  

• Recreation 

• Vocational Management 

• Adaptive Behavior 

Instructional Software 
Two of the instructional software programs that are used frequently and successfully in 
F·E·G·S DD programs support consumers’ learning of how to identify coins and paper 
currency in the context of shopping. As the consumers learn how to identify money, 
make purchases and count change using a range of approaches, the software programs 
provide an important opportunity to practice and strengthen these skills. These programs 
have been successful because the graphics are age-neutral, the instructional design is 
simple and the purpose of the activity is important to the consumers, who connect the 
ability to manage money to greater independence.  

Web Adaptation 
Another application that has been successfully implemented in F·E·G·S DD programs is 
IBM’s Web Adaptation software. Web Adaptation is, essentially, an assistive Internet 
browser with preferences that the user can save. Features include font size, style, spacing, 
page layout, contrast, image control and speak text. Among our consumers, the speak text 
function has been the most valuable, since many have limited literacy skills, but, 
nonetheless, a strong interest in accessing information online.  
Since each user’s preferences can be saved, using Web Adaptation personalizes the Web 
browsing experience, one of the important features for successful software design for this 
population. Using Web Adaptation, consumers have learned how to independently get 
online and navigate through their favorite Web sites. They have pursued independent 
projects on topics of interest, including fishing, cooking, holidays and music. The 
instructors have reported that the consumers feel proud to be able to “surf the Web” just 
like other members of their families and communities. 
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Tech 4 Everyone 
A new assistive technology system that we are just in the process of implementing at 
F·E·G·S is called Tech4Everyone (T4E). T4E consists of an assistive workstation, with an 
adaptive keyboard and mouse, touch screen monitor and, more importantly, an adaptive 
operating system that creates a personalized, interactive interface with a customized suite 
of software applications.  Displayed on the monitor when the consumer enters the 
classroom are photographs of each of the students in the class. To access his/her 
personalized interface, the consumer clicks on the photo of his/herself.   
The consumer’s personalized interface has simple, visual cues to help him/her access the 
different types of software available for his/her use. The program categories include: 
creativity, reading, games, life skills and the Web, and include innovative ways to 
integrate photographs that consumers take with a digital camera into several of the 
activities, across categories. The T4E system administrator can integrate any software 
applications into the system, so users are not limited to the applications that come 
bundled with T4E, allowing for further customization.  
The power of T4E is its high level of personalization for each user and its simplification 
of the computer system interface and navigation, without sacrificing breadth or depth of 
content. We are optimistic about the implementation of T4E, especially in its potential to 
bring computer access to adults with DD who are less capable. 

Future Directions 
Future directions in assistive technology will look increasingly like accessible building 
design. To help individuals with disabilities gain access to public buildings, the 
workplace, transportation, etc., ramps, specialized elevators and other assistive 
architectural structures and devices were designed. Once inside, individuals with 
disabilities have equal access to information, resources, products and services. Likewise 
with assistive technology - innovative design will focus less on designing specialized 
content and more on developing better and better on-ramps to digital information and 
resources. The content exists, just like the office building, the library and the public bus 
existed before they became accessible. The challenge and the opportunity is in 
developing more ways to help individuals with developmental disabilities in accessing 
the content. Examples of existing applications like Web Adaptation, Tech4Everyone, 
Cast E-Reader and Write Outloud demonstrate the power and the possibilities of assistive 
technology design along this paradigm.  
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Introduction 
In this paper we discuss our human computer interaction research on improving the 
accessibility and supportiveness of information systems for people with cognitive 
difficulties, whether these are developmental impairments, such as dyslexia, or acquired 
difficulties, most often an effect of the ageing process. The aetiology and symptoms of 
these conditions are diverse, yet the challenges they pose to the design of information 
systems can be addressed using a similar approach (see, for example, Dickinson et al., 
2003). The concept of accessibility for this group cannot be an extension of traditional 
accessibility approaches, which focus on the provision of opportunities to the technically 
adept: accessibility for this group demands new approaches and a reconsideration of the 
design of information systems.  
There are both ethical and legal requirements for information systems to be accessible 
(e.g. Sloan, 2001). There is a division between the concept of accessibility as enabling 
theoretical access to the system, and accessibility in the wider sense, meaning that users 
should be able to experience the system as fully and as autonomously as possible. While 
most software developers are aware of the legal requirements, it is difficult to apply these 
to design for people with cognitive difficulties, not least because of a lack of guidance 
indicating how this might be done (Clark, 2002). The traditional approaches to 
accessibility tend to involve either the provision of “accessibility options” within the 
operating system to allow users to adjust visual and timing parameters, or the 
development of standards-compliant content (most often web content) to allow visually 
impaired users to access the information through assistive technologies like screen 
readers. In both cases, theoretical access is enabled and this has benefited many groups of 
disabled people, but such access does not take into account the holistic user experience. 
The enabling of access does not benefit those with cognitive impairments whose 
difficulties are not concerned specifically with visual or manual dexterity problems, and 
who are, anyway, unlikely to have the technical knowledge to find or apply assistive 
technologies or accessibility options if these did exist (Syme et al., 2003; Microsoft, 
2004). 
Cognitive difficulties thus demand new approaches to software access. A central barrier 
to use is the tremendous complexity of software applications. In a recent study Dickinson 
et al. analysed the interface of Microsoft’s Outlook Express email system, finding 250 
possible operations and 5 panels; using this interface 50% of a group of older beginners 
failed to complete basic email tasks; in one case, a novice user spent over 50 minutes 
unsuccessfully trying to open and reply to an email message (Dickinson et al., 2005). 
Similarly, it is necessary to follow a sequence of 10 separate, not always intuitive, 
operations to change the colour of text in Microsoft Word. A further complication is the 
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use of metaphor in applications. This is not a problem at first glance: it is an aspect of 
information systems that most of us deal with everyday when we use a computer 
application. But consider what the user is asked to understand when asked to use, for 
example, a web browser: 

that we are using a television set; that we are actually using a computer and we are 
to think about the television display as if it was like a desktop; that on this desktop 
there are windows (!) which we can look through to see the application which is 
running; that in this case this is a web browser which can be controlled by using 
menus and a mouse; 

And all of that is implicit before we even begin to understand what operations are 
available to us through the complex menu and dialogue box system we are offered to 
control the system.  

In the case of the web browser, there is the added cognitive load that individual 
sites often provide their own, frequently idiosyncratic, means of navigation 
(another metaphor) through the hypertext environment, and that these controls 
often duplicate facilities available on the browser interface (home and back being 
particularly common examples of this) 

Is it any wonder then that users with cognitive impairments have difficulty making full 
use of information systems? Yet developers would claim that their applications are 
accessible because they are compatible with screen readers and you can alter the way 
they appear using accessibility options. This is clearly not true. 
With this background we have been developing a number of ideas which are discussed 
below, along with their rationales. They are offered as possible different approaches to 
system design taking into account the needs of users who may have cognitive 
impairments. 

A reading and writing aid for dyslexia 
Dyslexia, a condition that affects reading, spelling and writing (BDA 2001), manifests 
itself in a wide variety of ways in the population.  People with dyslexia tend to confuse 
letters, reversing letters (such as ‘b’ and ‘d’) and encounter problems with word 
recognition and overall comprehension of written text (Willows and Terepocki, 1993, pp. 
34-35). One common difficulty experienced by people with dyslexia is in dealing with 
sequences (McKeown, 2000), which of course are a major feature of WIMP interfaces 
(see the example of changing font colour in Word, above).  
We set out with the broad aim of seeing what pragmatic things we could do, using a 
computer, to alleviate the symptoms of dyslexia. Given the individual nature of dyslexia, 
a first requirement was that the system be readily configurable, and given the possibility 
of difficulty with memory and sequence, it had to rely on a radically simplified and direct 
interface. Reducing cognitive load by making changes immediately visible as the user 
made them, and equally easily reversed, was a fundamental aspect of the SeeWord 
system, and true “direct manipulation”. In SeeWord the user is presented with a 
dedicated, dramatically reduced, set of controls which allow access to functionality 
within MS Word. 
 
Among the pragmatic considerations we addressed were the following:  
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• In some cases it has been found that colour filters or lenses (Wilkins, 1995) can 
make reading text on paper easier: this is technically easy to simulate on computer 
by enabling change of background colour; 

• Similarly, formatting alterations like text size, word and line spacing, and margin 
width are likely to help reading; these changes can be made in MS Word but the 
interface presents a barrier: direct access to this functionality would support 
dyslexic readers.  

• A specific difficulty, letter reversals, occur when the reader confuses similar 
characters (p & q, b & d for example). The shape is not sufficiently distinct to 
separate the letters so why not make them more different by using a different font, 
size or colour? 

By implementing these (and other) features in an easily configurable interface and by 
taking away a lot of the “visual clutter” associated with WIMP controls, we produced a 
word processing environment for dyslexics. Trial dyslexic subjects were asked to find a 
visual appearance for text that they found comfortable, by “messing around” with the 
settings until the text looked most readable. All found settings which were better than the 
default, with a few surprises, such as that subjects tended to choose low contrast fore and 
background colours (e.g. dark green on dark brown). A further trial indicated that using 
the system improves reading ability. A full account is given in Gregor et al. (2003). 

An emailing environment for older people 
There is an inherent conflict, when designing for normally-ageing older adults, between 
onscreen complexity, which reduces comprehension (Newell et al., 2003), and deep 
interface structures, which place a burden on memory (Zaphiris et al., 2003). The 
Cybrarian email system was designed to address this by providing a radically simple 
interface with few onscreen options, a linear progression through the system, and page-
specific help and instructions. The user’s memory was thus supported by the system. 
Similarly, text on buttons was as descriptive as possible, e.g. “send message” rather than 
“send”, making the outcome of a user’s action more predictable. Help and instructions 
were provided in non-technical language, much of which was suggested by older, novice 
computer users.  
Evaluations of the Cybrarian system demonstrated that such a design dramatically 
improved user autonomy, understanding and confidence, compared to a control email 
system (Outlook Express).  Details of the system and its evaluation are given in 
Dickinson et al (2005). 

A device to facilitate web browsing by older people 
As discussed above, the interfaces to many applications are complex, with huge 
functionality all sitting near the surface; they also rely on the understanding, implicit or 
otherwise, of a large number of metaphors. We set out to see whether the experience of 
browsing the web could be simplified and improved by re-examining the whole process 
to radically simplify it. Looking at metaphor, it seemed to us that one would be plenty, 
and that this might be of a device for looking at the web; what was most important was to 
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design it to accommodate the experience and needs of older people  (and possibly a much 
wider user constituency in the longer term). 
So here are some questions we asked: 

• Why in a typical browser are the controls at top when the browser is something 
you read and you have to move over the area to operate the controls? 

• In any case,  aren’t older people more used to controls being under what they are 
using, be it a car, a cooker, a television, a radio and so on? 

• Do we really need the view to be through a window? Why not get rid of all the 
borders, freeing up space for the displayed web content? 

• Do we need all the application functionality available from the main interface, or 
can we save some space and reduce screen clutter by dispensing with much of it? 

• How can we minimise the risk of a wrong button push leading to a lost person 
(lost in the controls, or lost in cyberspace)? 

The upshot of addressing these questions was a device with the working title “the non-
browser”, essentially and ideally a touch screen monitor whose screen has five on screen 
buttons along the bottom and which allows the user to browse the web. The rest of the 
screen is given over to web content, giving almost 20% more content than in traditional 
browsers. Initial studies of eye movement activity with older people using the non-
browser suggest that this reduction of complexity facilitates the user’s ability to access 
meaningful and unique page content, as opposed to non-meaningful “noise”. In addition, 
participants preferred the non-browser environment and perceived it as offering the user 
more information, when compared to the standard browser. We are encouraged to take 
this to a fully developed application for release and with which we can do further 
research. This work is described in Dickinson et al., (2005, 1 & 2) and Milne et al., 
(2005). 

Conclusions 
This paper argues that it is not enough for software designers to build in accessibility 
features. More design for access and use is needed, both to facilitate the optimum use of 
users’ capabilities and to make interfaces simpler for everyone to operate. Supporting 
people with cognitive difficulties does not need to involve new or radical functionality 
changes, but different ways of accessing existing functions must be provided: SeeWord, 
for example, does not do anything that you cannot do with MS Word but by carefully 
considering the design of the interface, and by taking account of the challenges faced by 
the target users, the salient features were presented in such a way as to enable users to 
improve their own reading experience. Cybrarian provides basic email functionality but 
supports the user through the process of accessing it, providing instructions to overcome 
inexperience with computers and memory impairments. In the case of the non-browser, a 
redesign based on thinking about the users, their capabilities, and questioning the 
metaphor orthodoxy has led to a promising new research line and possible future 
application. These three examples illustrate how it is possible to radically improve the 
experience of users by paying particular attention to users, design and purpose. It also 
illustrates the barriers to use which can be caused by adopting orthodox approaches to 
interface design. 
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ABSTRACT 
Previous engineering approaches seem to have precluded the engineering of accessible 
systems. This is plainly unsatisfactory. Designers, authors, and technologist are at present 
playing ‘catch-up’ with a continually moving target in an attempt to retrofit systems. In-
fact engineering accessible interfaces is as important as their functionality’s and should 
be an indivisible part of the development. We should be engineering accessibility as part 
of the development and not as afterthought or because government restrictions and civil 
law requires us to. Our workshop brought together a cross section of the Web design and 
engineering communities; to report on developments, discuss the issues, and suggest 
cross-pollinated solutions. 

Conventional workshops on accessibility tended to be single disciplinary in nature. 
However, we were concerned that a single disciplinary approach prevents the cross-
pollination of ideas, needs, and technologies from other related but separate fields. The 
workshop was therefore, decidedly cross disciplinary in nature and brought together 
users, accessibility experts, graphic designers, and technologists from academia and 
industry to discuss how accessibility could be supported. We also encouraged the 
participation of users and other interested parties as an additional balance to the 
discussion. Views often bridged academia, commerce, and industry and arguments 
encompassed a range of beliefs across the design-accessibility spectrum. Our aim was to 
focus on accessibility by encouraging participation from many disciplines; represented in 
the following discussion and paper abstracts. 

1. DISCUSSION HIGHLIGHTS 

1.1 Engineering Client Systems 
The participants discussed their experiences of how technologies have evolved to support 
non-visual browsing of Web pages. This included a test of 11 sites between 1997-2005 
concluding that the number of images on pages have increased four times but the number 
of provided ALT tags has decreased. Focuses of concern included the problem of time 
taken to read a page. For example, our keynote speaker Chieko Asakawa presented a new 
tool ‘aDesigner’ which encodes an algorithm to calculate how long it takes for a speech 
engine to read a page. This is quite useful to make designers realise the problems with 
long or badly structured Web pages. Participants also discussed that the Web is not now a 
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document based system but is becoming an ever more visual application environment, 
with utilities such as interactive maps being created. The question raised was how are we 
going to support interactivity with these applications in alternative forms (e.g., audio)? 
Delegates stressed the importance of transcoding systems providing the opportunity to 
design content once and present it in different ways.  

Indeed, two different approaches were presented for transcoding Web pages: (a) an 
approach based on identifying templates of document types and (b) an heuristic approach 
for identifying the main content of Web pages. The results of an usability evaluation 
based on such transcoding systems were also presented. This study was interestingly 
questioning whether universal usability can ever be achieved: Can a Web page be created 
that meets the requirements of different user groups? 

What’s the Web Like if You Can’t See It? 
Chieko Asakawa  
(http://doi.acm.org/10.1145/1061811.1061813) 

Awareness of the Web accessibility is spreading all over the world among Web designers 
and developers, due to regulations and various guidelines, such as the US law called 
Section 508 and W3C WCAG. We now see various Web accessibility adaptations on the 
Web. For example, we see increasing use of alternative texts for images and skip-
navigation links for speed. However, we sometimes find inappropriate ALT texts and 
broken skip-navigation links, even though they are present. These pages may be 
compliant, but they are not accessible or really usable. We analyzed such problems and 
found that some sites only try to comply with regulations and guidelines, but without 
understanding the needs underlying Web accessibility.  

We concluded that Web designers and developers should experience the real problems 
faced by people with disabilities so they can create truly accessible and usable pages. 
There was no practical way for them to experience disabilities. In this paper, we first 
discuss how much and how well the Web accessibility has progressed by analyzing real 
world improvements to existing sites. We then describe why the ”disability experience” 
helps give a better understanding of the Web accessibility guidelines and regulations. 
Some tools like Home Page Reader and aDesigner are available to let designers 
experience blind users’ usability. Finally, we consider how visually attractive sites can 
also be made more accessible. 

Do Text Transcoders Improve Usability for Disabled Users? 
Giorgio Brajnik, Daniela Cancila, Daniela Nicoli and Mery Pignatelli 
(http://doi.acm.org/10.1145/1061811.1061814) 

Although the potential benefits of text transcoders are multifaceted, at the moment their 
impact on disabled web users is not clear. This paper describes an experiment aimed at 
evaluating usability of web pages processed by a text transcoder and used by disabled 
persons. Results based on subjective and objective data show how usability changes. 
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AcceSS: Accessibility Through Simplification and Summarization 
Bambang Parmanto, Reza Ferrydiansyah, Andi Saptono, Lijing Song, Wayan Sugiantara 
and Stephanie Hackett  
(http://doi.acm.org/10.1145/1061811.1061815) 

The goal of this project is to make theWeb more accessible by providing some of the 
features naturally available to sighted users to users with visual impairments. These 
features are direct access and gestalt understanding, which can emerge from 
simplification and summarization. Simplification is achieved by retaining sections of the 
web page that are considered important while removing the clutter. The purpose of 
summarization is to provide the users with a preview of the web page. Simplification and 
summarization are implemented as a ”guide dog” that helps users navigate the entire web 
site. 

Extracting Content from Accessible Web Pages 
Suhit Gupta and Gail Kaiser  
(http://doi.acm.org/10.1145/1061811.1061816) 

Web pages often contain clutter (such as ads, unnecessary animations and extraneous 
links) around the body of an article, which distracts a user from actual content. This can 
be especially inconvenient for blind and visually impaired users. The W3C’sWeb 
Accessibility Initiative (WAI) has defined a set of guidelines to make web pages more 
compatible with tools built specifically for persons with disabilities. While this initiative 
has put forth an excellent set of principles, unfortunately many websites continue to be 
inaccessible as well as cluttered. In order to address the clutter problem, we have 
developed a framework that employs a host of heuristics in the form of tuneable filters 
for the purpose of content extraction. Our hypothesis is that automatically filtering out 
selected elements from websites will leave the base content that users are interested in 
and, as a side-effect, render them more accessible. Although our heuristics are intuition-
based, rather than derived from the W3C accessibility guidelines, we imagined however 
that they would have little impact on web pages that are fully compliant with the 
accessibility guidelines. We were wrong: some (technically) accessible web pages still 
include significant clutter. This paper discusses our content extraction framework and its 
application to accessible web pages. 

1.2 Engineering Guidelines 
The participants agreed that having only content accessibility guidelines is not enough to 
ensure accessibility of Web pages. This is a simplistic approach as it suggests that only 
designers or content producers are responsible from the accessibility of Web pages. Our 
keynote speaker Wendy Chisholm stressed the importance of this and presented the 
interdependent components of Web accessibility. These components include content (the 
information in a Web page or application), developers (people who create content by 
using authoring or evaluation tools) and users (people who use user agents to get and 
interact with the content). Being aware of these components is crucial to promote better 
engineering solutions to Web accessibility issues. Previously guidelines where feared and 
not particularly testable but movement is now being made towards having more robust 
techniques. Moreover, there is an important effort to support people using the guidelines 
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consistently by providing test cases, concrete examples and success criteria, etc. From the 
designers perspective education and outreach are important factors for guidelines 
incorporation. The challenge has moved on from guidelines creation and publication 
through making designers aware of guidelines and facilitating their use. An activity 
towards this was presented which shows how guidelines can be formalised for applying 
them easily and consistently. Another related activity is also presented which shows how 
these guidelines can be adapted to meet specific needs of different countries. 

Interdependent Components of Web Accessibility 
Wendy A. Chisholm and Shawn Lawton Henry 
(http://doi.acm.org/10.1145/1061811.1061818) 

The Web is providing unprecedented access to information for people with disabilities. 
However, we have much work to do: the majority of existing Web content is not fully 
accessible; browsers, multimedia players and assistive technologies do not yet provide a 
completely usable and accessible experience; and authoring tools and development 
environments (including content management systems such as blogging applications) do 
not produce fully accessible Web content and do not have accessible interfaces. Until 
people with disabilities are able to both access and contribute to the Web, the Web is not 
accessible. This presentation will show how Web accessibility depends on several 
components of Web development and interaction working together. It will also 
demonstrate the essential relationship between the WAI guidelines: Web Content 
Accessibility Guidelines (WCAG), Authoring Tool Accessibility Guidelines (ATAG), 
and User Agent Accessibility Guidelines (UAAG). Engineering accessible design 
requires all of these pieces to be operating together. 

Web Composition with WCAG in Mind 
Vicente Luque Centeno, Carlos Delgado Kloos, Martin Gaedke and Martin Nussbaumer 
(http://doi.acm.org/10.1145/1061811.1061819) 

Accessibility should be a part of the Web design process instead of being a post-design 
repair process. Thus, it should be more integrated within the internal authoring tools’ 
mechanism of generating new Web contents. Web composition, when creating Web 
pages from data extracted from heterogeneous or external sources, should have 
accessibility into account in order to guarantee that the final page being constructed is 
accessible. This paper presents the rules that, in a composition process, a design tool must 
guarantee in order to create accessible Web pages. We also present WSLS as an 
accessibility enabled authoring tool that makes this task feasible, and focus in how this 
tool incorporates accessibility into the process of generating new Web contents. 

Forcing Standardization or Accommodating Diversity?: a Framework 
for Applying the WCAG in the RealWorld 
Brian Kelly, Lawrie Phipps, David Sloan, Helen Petrie and Fraser Hamilton 
(http://doi.acm.org/10.1145/1061811.1061820) 

Since 1999 the W3C’s Web Content Accessibility Guidelines (WCAG) have provided a 
solid basis for implementation of accessible Web design. However it is argued that in the 
context of evaluation and policymaking, inappropriate reference to the WCAG may lead 
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to serious practical difficulties in implementation and monitoring of an effective 
accessibility policy. There is a pressing need for a framework that guides appropriate 
application of the WCAG in a holistic way, taking into account the diversity - or 
homogeneity - of factors such as context of use, audience and audience capability, and 
access environment. In particular, the current promotion of W3C technologies at the 
expense of widely used and accessible proprietary technologies may be problematic, as is 
the apparent reliance of the WCAG on compliant browsing technology. In this paper, a 
holistic application of the WCAG is proposed by the authors, whereby the context of the 
web resource in question and other factors surrounding its use are used to shape an 
approach to accessible design. Its potential application in a real world environment is 
discussed. 

An Active Step Toward a Web Content Accessible Society 
Joonho Hyun, Doojin Choi and Sukil Kim  
(http://doi.acm.org/10.1145/1061811.1061821) 

In this paper, we discuss KoreanWeb Content Accessibility Guideline 1.0 (KWCAG 1.0) 
enacted in late 2004. KWCAG 1.0 consists of 14 checkpoints that are categorized into 4 
principles, similar to WCAG2.0 working draft as of June 2003. Several Priority 1 
checkpoints of W3C WCAG 1.0 and guidelines of Section 508 were not included in 
KWCAG 1.0, as they were not applicable to Korean circumstances, wherein fancy 
images and fantastic animation elements are widely used to design web pages. 

1.3 Engineering Design 
In this session, the participants gained a perspective from those designers present, who’s 
message was that we need to support accessibility without scarifying visual design. As 
our keynote Eric Meyer highlighted that we are not looking for a complete solution to 
Web accessibility but with technologies such as CSS we can make a huge step to realise 
this. The importance of interdependent components of Web accessibility was also 
highlighted in this session. Although CSS provides a lot of features to support 
accessibility, some components are still not accessible because assistive technologies do 
not currently support them.  

One of our presenters provided an insight by claiming that assistive technologies work 
with limited and platform dependent APIs in consequence their support is limited. He 
also pointed out that assistive technologies will always have the disadvantage of being 
platform specific unless a platform independent API is created. Furthermore, our 
participants thought that documents are becoming semantically rich which will eventually 
provide better accessibility, and that is especially the case if we ‘Push mark-up into more 
semanticity’.  

Finally, in this session, the participants discussed the need of having audio browsers 
rather than screen readers which can do a better job in rendering pages in audio. They 
concluded that the audio styling of documents is as important as the visual styling for 
presentation. 
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Is Accessible Design a Myth? 
Eric A. Meyer  
(http://doi.acm.org/10.1145/1061811.1061823) 

In this paper, I examine the historical attempts to create visual designs that are still 
accessible to handicapped users and assess the current state of accessible design. This is 
followed by a critical look at current assistive technologies, and a set of recommendations 
for future work in this area. 

Platform Independent Accessibility API: Accessible Document Object 
model 
Andres Gonzalez and Loretta Guarino Reid 
(http://doi.acm.org/10.1145/1061811.1061824) 

This paper addresses the problem of supporting accessibility in applications that run in 
multiple operating environments. It analyzes the commonalities of existing platform-
specific Accessibility APIs, and defines a platform-independent accessibility API, the 
Accessible DOM. The Accessible DOM encompasses the features of existing APIs and 
overcomes the limitations of existing APIs to express dynamic, complex document 
contents. The Accessible DOM can be used to support existing and future platform-
specific accessibility APIs. It will also allow the development of platform-independent 
accessibility clients. 

Designing Learning Systems to Provide Accessible Services 
Pythagoras Karampiperis and Demetrios Sampson 
(http://doi.acm.org/10.1145/1061811.1061825) 

The need for providing learners with web-based learning content that match their 
accessibility needs and preferences, as well as providing ways to match learning content 
to user’s devices has been identified as an important issue in accessible educational 
hypermedia literature. Several initiatives already exist trying to provide accessible web-
based learning environments addressing a broad range of access needs and requirements. 
However, the design and development of web-based learning environments for people 
with special abilities has been addressed so far by the development of hypermedia and 
multimedia based educational content that is specially designed for the user targeted 
group, as well as the use of dedicated infrastructure supporting the delivery of learning 
content. Such approaches not only prevent their user groups (learners and their tutors) 
from accessing other available resources, but also keep them dependent from the specific 
e-learning platform, since the supported hypermedia content and learning scenarios are a-
priori designed for the targeted user group. In this paper we address the need for an 
architectural definition of a web-based learning system that satisfies the design steps and 
requirements identified following the current state-of-the-art accessibility approaches and 
techniques, as well as the need to define an accessibility application profile for enabling 
the formalization of learning object accessibility properties, in order to match learning 
content with learner accessibility preferences. 
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Automatic Accessibility Evaluation of Dynamic Web Pages Generated 
Through XSLT 
Andre Freire and Renata Pontin de Mattos Fortes 
(http://doi.acm.org/10.1145/1061811.1061826) 

Web Accessibility has been an increasing research area, and much effort has been spent 
to develop methods for authoring and evaluating Web pages using accessibility 
guidelines and standards, like authoring tools and automatic evaluation tools. The 
evaluation of dynamic Web pages is a problem until unsolved in the field of automatic 
evaluation tools, since the current evaluators are able only to evaluate static Web pages. 
Stone and Dhiensa have addressed this problem, and proposed a method for evaluating 
the accessibility of dynamic Web pages using a generalized page which contains all 
possible outputs that can be generated by a script. In this paper, we discuss another 
method for evaluating the accessibility of dynamic Web pages generated using XML and 
XSLT, which would work by analysing a XSLT using a structure descriptor such as DTD 
or XSD to determine the different types of XML documents that can be generated. Some 
examples of the use of this method are shown, and future work are discussed. 

1.4 Evaluating Accessibility 
In the first half of this session, a conceptual framework was presented for designing 
pages for cognitively disabled users. This framework discusses issues such as 
functionality and simplicity and encapsulates a systemic approach to evaluate pages. In 
the second half, the participants mainly discussed issues regarding semantic mark-up. 
They agreed that semantic mark-up does not only need to be about describing content but 
it can also be about storing evaluation results in a semantically reach way to support 
better usage of these results. Such an approach is presented by the W3C Evaluation and 
Repair Tools Working Group, which is called ‘EARL’. 

A Conceptual Framework for Accessibility Tools to Benefit Users with 
Cognitive Disabilities 
Paul Ryan Bohman and Shane Anderson  
(http://doi.acm.org/10.1145/1061811.1061828) 

The authors present a conceptual framework which tool developers can use to chart 
future directions of development of tools to benefit users with cognitive disabilities. The 
framework includes categories of functional cognitive disabilities, principles of cognitive 
disability accessibility, units of Web content analysis, aspects of analysis, and realms of 
responsibility. 

Mozilla Accessibility on Unix/Linux 
Louie Zhao, Jay Yan and Kyle Yuan  
(http://doi.acm.org/10.1145/1061811.1061829) 

Web accessibility has been developed in recent years. Mozilla, as the most important 
open source web browser, has also increased to support web accessibility significantly. 
Since Mozilla is designed to be cross-platform, accessibility support differs on different 
platforms (e.g. Unix, Window, Mac). This paper aims at Mozilla accessibility support on 
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Unix/Linux platforms. This presentation looks at GNOME desktop accessibility first, 
which is the base of the development of Mozilla accessibility on Unix/Linux platform; 
Then the accessibility architecture of Mozilla on Unix/Linux is introduced; this paper 
also analyses the difference of accessibility between Mozilla and other GNOME 
applications and the difference of accessibility between on Window and on Unix/Linux. 
At last, this paper presents some suggestion on web developer and some future 
development. 

Semantic Web Enabled Web Accessibility Evaluation Tools 
Shadi AbouZahra 
(http://doi.acm.org/10.1145/1061811.1061830) 

Evaluating Web sites for accessibility remains an effort intensive process. Potentially, 
evaluation tools can significantly improve the efficiency and quality of Web accessibility 
evaluations but the currently available tool market only provides little or no consistency 
in the reliability and performance amongst these tools. In fact, in some cases evaluation 
tools may be confusing or misleading to users with little or no experience in Web 
accessibility. This paper will highlight how the utilization of Semantic Web technologies 
in evaluation tools can facilitate the exchange of evaluation data between tools and hence 
provide new approaches to support designers, content authors, programmers, quality 
assurance reviewers, project managers, or other users in accomplishing their respective 
tasks during the development and maintenance of accessible Web sites. Furthermore, this 
paper will also highlight some additional usages of Semantic Web enabled Web 
accessibility evaluation tools beyond the scope of evaluation processes. 

2. RESEARCH CHALLENGES 
The workshop closed with a panel session and free discussion. The panel comprised: 
Chieko Asakawa, Wendy A. Chisholm, Eric A. Meyer, and Paul Ryan Bohman. This 
session provided an enjoyable and productive dialogue and the following challenges and 
views were highlighted: 

1. Engineers should confine themselves to quality tool creation to support the author / 
designer / content producer. 

2. Designers also need to know their tools while at the same time knowing the properties 
of the medium – inevitably this will involve some engineering. 

3. Guidelines are important, and so is standardisation, however the participants agreed 
that it is necessary to use guidelines as part of a range of accessibility measures; 

4. The panel concluded that engineers and designers need to talk and educate each other. 

Finally, the session identified some future directions and challenges that need to be 
addressed: 

1. Engineering tools can sometimes be a barrier to accessibility. This is because these 
tools either do not support accessibility or are not implemented in a way so as to 
encourage the designer to think accessibly. Can these tools do changed or re-
implemented to counter this? 
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2. Advanced Transcoding using templates and filters including CSS and genre based 
Web-page classification will move the responsibility from Web page designers to tool 
designers, so the question should be how can we provide supporting tools to aid the 
design effort? 

3. The mobile Web will become important over the next year. How can the device 
independence angle be leveraged to create accessible mobile and static Web-pages? 

4. Is universal design an appropriate model (Usability Engineering)? If not, how can the 
accessibility community communicate with the design community to eradicate 
misconceptions from both parties? 
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