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SUMMARY

This report summarizes a literature review on use of

telecommunications by people with cognitive disabilities. Section 1

of the report describes the research methodology. Section 2

discusses general accessibility guidelines, identifies those that

appear to be relevant to cognitive disabilities, and notes some of

the barriers to usage they are designed to overcome. It outlines

four classes of universal design strategies designers might employ: 

■ Redundant, user-controlled modality of information.

■ Streamlined, user-controlled amount and rate of

information.

■ Procedural support.

■ Content organization.

Section 3 describes underlying cognitive abilities and notes some of

the functions or user tasks which they may affect. Section 4

reviews detailed findings from the literature for some specific

disabilities: age-related cognitive disabilities, learning and language

disabilities, brain injury, and mental retardation. Section 5

summarizes research that relies on very detailed analyses of tasks,

cognitive abilities, and interface design changes.

Section 6 concludes by suggesting areas for further research. Better

design leads to better guidelines, and so the first priority is the

continued development of  “reference designs,” sample accessible

telecommunications devices and services. Other areas of research

include:

■ Layered or streamlined functionality.

■ Training, procedural support, and problem-solving.

■ Better user descriptions to help designers envision actual

product use by people with cognitive disabilities.
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■ Increased attention to human performance modeling,

developing parameters that represent people with

disabilities.

■ Correlative research, tying design to specific cognitive

abilities, which will benefit the nondisabled population as

well as those with cognitive disabilities.

■ A unifying framework, or “roadmap,” to better link

theoretical and practical work for designers’ benefit.

The appendix of this report contains an annotated bibliography.
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B A C K G R O U N D

This report fulfills a deliverable of Rehabilitation Engineering

Research Center on Universal Telecommunications Access by the

World Institute on Disability (WID). It summarizes a literature

review on use of telecommunications by people with cognitive

disabilities.

This report discusses barriers to usage that people with cognitive

disabilities experience with telecommunications products and

services. It also discusses universal design strategies that designers

might employ, and interface design issues.

It concludes with recommendations of studies that would lead to

improved design and further guideline development.

The methodology of the research is described below. The

bibliography and annotations are in Appendices 1 and 2.

1 . 1 .  M E T H O D O L O G Y

This project began with a review of resource literature and other

print resources; to seek information about problems of and

strategies used by people with cognitive disabilities.

For this project, cognitive disability is defined as those cognitive

functional limitations associated with aging, learning disabilities,

mental retardation and traumatic brain injury.  The functional

limitations associated with these disabilities can vary widely, from

severe retardation, to memory difficulties, to the absence or

impairment of specific cognitive functions, particularly language

(Vanderheiden and Vanderheiden, 1991).  They also may include

1



7

difficulties in perception, problem-solving, conceptualizing, reading

difficulties, thinking, and sequencing (Trace Research and

Development Center, 1996d, EITAAC Final Report, 1999).

Search terms used to describe these functional limitations follow:

■ Alzheimer’s

■ Attention Deficit Disorder/Attention Deficit 

■ Hyperactivity Disorder

■ Cognitive Disability

■ Dementia

■ Developmental Disability

■ Dyslexia

■ Epilepsy

■ Intellectual Disability

■ Learning Disability

■ Mental Retardation

■ Mental Handicap

■ Stroke / Aneurysm

■ Traumatic Brain Injury

Telecommunications technology is broadly defined as those

technologies requiring or supporting interaction with a person or

information source.  Examples would include equipment, software

and interactive services such as telephones, pagers, Automatic

Teller Machines, kiosks, and the Internet. Technology terms used in

the search are as follows: 

■ Appliances

■ Automated Voice Processing

■ ATMs
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■ Caller ID

■ Cellular Phones

■ Computer Interfaces

■ Consumer Electronics

■ Pagers

■ Internet

■ Telecommunications

■ Telephones

■ Voice Mail

■ Wireless Phones

■ World Wide Web

The study began with a list of key words related to cognitive

disability, telecommunications and engineering design generated by

project staff. The engineering design terms used were:

■ Access

■ Assistive Technology

■ Cognitive Load

■ Design Standards

■ Human Factors

■ Input / Output

■ Interface Design

■ Interpretation of Information

■ Navigation

■ Physical Access

■ Universal Design

■ Way Finding
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From this list of terms, staff assembled a matrix of the terms to

assist in database searches. An initial search using this matrix was

conducted on-line through 14 different databases.  These databases

were:

■ Applied Science and Technology Abstracts,  

■ ArticleFirst, Online Computer Library Center, Inc., Dublin,

OH

■ Business Dateline, UMI Provides, Ann Arbor, MI

■ Business and Industry, Responsive Database Services, Inc.,

Beachwood, OH

■ ContentsFirst, Online Computer Library Center, Inc.,

Dublin, OH

■ Educational Resources Information Center, Rockville, MD

■ Government Printing Office, Washington, D.C.

■ PapersFirst, Online Computer Library Center, Inc., Dublin,

OH

■ INFO TRAC, health and diseases database

■ MAG INDEX, magazine database

■ SocioAbs, Cambridge Scientific Abstracts

■ Social Science Abstracts, H.W. Wilson Co., Bronx, NY

■ Wilson Business Abstracts H.W. Wilson Co., Bronx, NY

■ WorldCat Database, Online Computer Library Center, Inc.,

Dublin, OH

In addition to literature databases the World Wide Web (WWW, or

Web) was used as a resource. Searches were conducted at more

than 22 websites, including disability-related sites as well as some

computer research sites. This proved to be fruitful – especially sites

from conferences where presenters posted their papers on-line, as

well as the Trace Research and Development Center site and
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Learning Disabilities on-line sites where researchers have posted

their work. The Web sites searched were:

■ Association for Computing Machinery - www.acm.org

■ California State University, Northridge Center on

Disabilities -www.csun.edu/cod/

■ California State University, Northridge Papers –

www.dinf.org/csun_98/

■ Center for Accessible Technology — www.el.net/CAT

■ Center for Applied Special Technology (CAST) –

www.cast.org

■ Closing the Gap — www.closingthegap.com

■ Disabilities Opportunities Internetworking Technology

(DO-IT) – weber.u.washingtion.edu/~doit/

■ Epilepsy Foundation — www.efa.org

■ Job Accommodation Network – janweb.icdi.wvu.edu

■ LD OnLine: Learning Disabilities Information and Resources

www.ldonline.org

■ Learning Disabilities Association – www.ldanatl.org

■ National Academy Press – www.nap.edu

■ National Information Center for Children and Youth with

Disabilities —www.nichcy.org

■ National Institute on Disability and Rehabilitation 

■ Research — www.ed.gov/offices/osers/NIDRR

■ National Research and Development Centre for Welfare

and Health (STAKES) —

www.stakes.fi/cost219/COSB224.HTML

■ New England Medical Center. Department of Physical 

■ Medicine and Rehabilitation Research and Training Center in 
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■ Rehabilitation and Childhood Trauma.

www.nemc.org/rehab/homepg.htm

■ Parents and Educators Resource Center - www.perc-

schwabfdn.org

■ Research Group on Rehabilitation and Independent Living –

www.Isi.ukans.edu/rtcil/RGRIL.HTM

■ TRACE Research and Development Center -

trace.wisc.edu

■ Traumatic brain injury bibliography of web links.

members.aol.com/TBISCIProj/ISBISCIproj.html

■ World Health Organization –

www.who.org/whosis/icidh/icidh.htm

■ World Wide Web Consortium (W3C) — www.w3.org

The Job Accommodation Network (JAN) of the President’s

Committee on Employment of People with Disabilities was

contacted for literature and case histories of people with cognitive

disabilities requiring modification in the work place in order to use

telecommunications technology.

Shelley Tremain, the 1997 Ed Roberts Postdoctoral Fellow at WID

and UC-Berkeley, visited the office of the Ontario Brain Injury

Association (OBIA) in St. Catharines, Ontario, Canada, in order to

conduct a search of databases housed there, as well as OBIA’s

reference library.

Consultant Kevin O’Brien contributed several key articles from the

literature on human-computer interaction, cognitive aging, and

individual differences.

1.2. RESULTS

There are 111 documents in the bibliography. The documents can

be grouped as follows:

■ 23 discuss characteristics of people with cognitive
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disabilities or more general human cognitive capabilities.

■ 55 cover products currently used by people with cognitive

disabilities or evaluate particular interfaces as a function of

cognitive ability.

■ 5 hypothesize uses of certain technologies.

■ 28 contain design guidelines (including cross-disability

guidelines) or other organizing frameworks.

More information was found on technology for people with

learning disabilities than for people with aging-related cognitive

disabilities. Technology for people with traumatic brain injury or

mental retardation is even less frequently documented. Also, there

is significantly more information about computers than about

telephones or other telecommunications equipment.

1.2.1. User Characteristics

The group of documents addressing user characteristics is

discussed at length in Section 3. Of the documents not cited there,

several are worth mentioning. LaPlante and Carlson (1996)

summarize US survey data on prevalence and causes of disability.

Estimates are provided for mental retardation and learning

disabilities, but population estimates of other types of cognitive

disabilities are hard to extricate from the data because categories

are based on medical conditions that do not uniformly result in

cognitive limitations. Brodin (1992) gives estimates of the

prevalence of mental retardation in the world, Europe, and the US.

She also defines some general requirements. The American

Association on Mental Retardation (1999) defines mental

retardation and provides other background at their Web site.

Vanderheiden and Vanderheiden (1991) summarize cognitive

functional disabilities as part of a larger survey. Several sources give

definitions and statistics on learning disabilities, including Cramer

and Ellis (1996), Hammill et al. (1987), Johnson and Blalock (1987),

Reid et al. (1991), and Shaw et al. (1995). 
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Articles on aging are discussed in section 4. Charness and Bosman

(1992) cover perceptual and physical as well as cognitive aspects of

aging. Park (1992) emphasizes applied cognitive aging research.

West (1989) and Yesavage, Lapp, and Sheikh (1989) review the

literature on mnemonic training and discuss underlying cognitive

abilities.

1.2.2. Product Use and Interface Evaluation

A large group of documents covers assistive technology rather than

universal design. Assistive technology refers to add-on devices or

specialized equipment which provide access, whereas universal

design describes access features that are fully integrated into off-

the-shelf products. This group is also marked by the prevalence of

documents about accommodations for learning disabilities. Surveys

include those by Day and Edwards (1996), the Job Accommodation

Network (1997c), Lewis (1998), MacArthur (1994), Raskind and

Higgins (1998), Raskind, Higgins, and Herman (undated), Raskind

and Scott (undated), Raskind and Shaw (1988), and Riviere (1996). 

More general surveys on assistive technology and

telecommunications usage include those by the Alliance for

Technology Access (1996), the Job Accommodation Network

(1995; 1997 a, b, d), and Vanderheiden (1998b). Mann (1996)

discusses telephone accommodations for disabled elders and briefly

mentions memory dial buttons, including those with pictures, for

people with cognitive disabilities.

Bergman and colleagues (1991a, b; Bergman and Kemmerer, 1991;

Bergman, 1998) provide short- and long-term evaluations of a

computer environment customized for people with brain injury.

Cole and Dehdashti (1998) summarize their work on a comparable

system. Brodin and colleagues (1994; Brodin and Magnusson 1992

a, b) examine the benefits of videophones for people with

moderate retardation or aphasia.

Glisky (1992; Glisky, Schacter, and Tulving 1986) demonstrates the

benefits of an adaptive training system to teach computer skills to

people with aphasia.
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Individualized solutions – customized technology made to

accommodate one particular person’s disability – are presented by

Chute (1988), Haugen (1996, 1997), Hendrix and Birkmire (1998),

Hubble Dahlquist (1998), Kirsch et al. (1992), Kreutzer et al.

(1989), Levinson (1997), and Steele et al. (1991).

The remaining documents focus more on universal design – how

easy mass market interfaces are for people of varying cognitive

abilities. The Trace Research and Development Center has done a

series of grids analyzing problems that people with disabilities have

with public phones, automatic teller machines, and public transport

(1996 a, b, c). These analyses include dyslexia, language

impairment, intellectual impairment and reduced motor

coordination. Trace has also published a reference design (1999)

showing how a mass market wireless phone can be made

compliant with Federal accessibility guidelines.

Cress and colleagues (Cress and Tew, 1990; Cress, French, and

Tew, 1991; Cress and French, 1992, 1994) analyze the cognitive

complexity of computer input devices and evaluate their use by

adults, normally developing children, and children with mental

retardation. 

Rogers and Fisk (1997) report difficulties older users have with

automatic teller machines, and the effects of various forms of

tutorials on users’ performance and willingness to use the

machines. Echt, Morrell, and Park (1998) also look at training

materials when comparing young-old and old-old adults’ acquisition

of basic computer skills. Morrow and associates propose effective

text-and-illustration formats for older adults’ written medication

instructions (Morrow et al., 1998b; Morrow and Leirer, in press).

They also examine the effects of organization, enforced repetition,

and optional repetition in automated appointment reminders

delivered as phone messages (Morrow et al., 1995; 1998b). Park

(1992) includes other applied studies in her review of cognitive

aging research.

One set of these documents looks at the relationship between

cognitive abilities and computer system design among people
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without disabilities. The seminal articles here are by Egan and

Gomez (1985; Egan, 1988). They demonstrate the nuances of

assessing individual differences, doing a sufficiently detailed task

analysis to see where those differences matter, and redesigning the

interface to minimize age, aptitude, and experience disadvantages.

Sein et al. (1993) and Allen (1994) contribute other studies in this

vein. Dillon and Watson (1996) provide historical background for

this work. Anderson et al. (1995) take a different approach to

accommodating individual differences by putting an adaptive user

model at the heart of their instructional software.

1.2.3. Hypothetical Applications

The third group of documents discusses hypothetical applications,

that is, untested proposals of particular technologies to

accommodate people with cognitive disabilities. Three of these

stand out. Barker (1998) describes general access strategies for

WebTV™, and notes its flexible display and ability to connect

alternative input devices. Crandall, Bentzen, and Myers (1998)

tested Talking Signs® with people with visual disabilities, and note

the signs’ potential use for people with cognitive disabilities who

cannot read text. Vanderheiden, Mendenhall, and Andersen (1993)

discuss the benefits of virtual reality for people who need help with

written sequences, or people who need a more forgiving

environment in which to practice life skills.

1.2.4. Guidelines and Frameworks

The fourth group discusses guidelines and frameworks. Until recently, design

guidelines for cognitive disabilities have tended to be general.

Exceptions are Cress and Goltz (1989) and Vanderheiden and

Vanderheiden (undated). The general usability standard from the

American National Standards Institute, ANSI/HFES 200 (Blanchard,

1997), contains a section on accessibility but only in broad terms

without reference to specific disabilities or specific modifications.

The Electronic Industries Association’s guide (1996) is more specific

about the design of consumer equipment. The World Wide Web



16

Consortium’s Web Access Initiative (1998) provides guidelines for

alternative visual and auditory displays, and proposes a style sheet

standard. Nielsen (1996) discusses Web design for people with

cognitive disabilities and Rose (1998) describes universal design

strategies for K-12 curriculum development with specific examples

of cognitive supports.

The efforts of the Telecommunications Access Advisory Committee

(1997, 1999), and its successor, the Electronic and Information

Technology Access Advisory Committee (1999) have provided

more specific design guidance. The TAAC’s working draft of

accessibility guidelines and strategies (1999) is currently the most

complete, product-independent list available. It compiles practical

ideas for designers to try.

The EITAAC report (1999) is notable for two things. First, it

contains some technology-specific standards and implementation

details. Second, it sets an accessibility goal. A person with a

disability should be able to “perform the same tasks, access the

same information, with the same approximate ease and in the same

approximate time and at the same cost” as someone without a

disability (§4.3.1). This implies that designers should especially

pursue solutions that help to close the gap in task performance

between those with (cognitive) disabilities and those without.

Vanderheiden and colleagues have developed a cross-disability

accessible user interface framework for kiosks and other consumer

devices (Law and Vanderheiden, 1998; Vanderheiden, 1997;

Vanderheiden, 1998c; Vanderheiden, Law, and Kelso, 1998). The

emerging Digital Talking Book standard (DeVendra, 1998; Kerscher

and Hansson, 1998) which delivers books in a range of formats and

a variety of navigation options may also provide models for creating

access to printed materials for people with cognitive disabilities. 

The use of a functional grid for product evaluation is demonstrated

by Kaplan, De Witt, and Steyaert (1992) and the Trace Research

and Development Center (1996 a, b, c).

Shneiderman (1992) and Nielsen (1993) provide general design

guidelines and principles for designing the computer user interface.
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Two reports of the Human Capital Initiative provide a different kind

of framework: psychological research agendas. One is in the area of

aging (Science Directorate of the APA, 1993) and one in

productivity (Human Capital Initiative Coordinating Committee,

1993). The report on aging emphasizes the need to study the

oldest populations, those over 80.

1.3. ORGANIZATION OF THIS REPORT

How well do existing guidelines and design strategies capture the

needs of people with cognitive disabilities? What research will lead

to further improvements? 

To answer these questions we need to be clear about four factors

in the literature, and the relationships between them:

■ Distinct groups of people with cognitive disabilities:

older adults, people with learning disabilities, people with

brain injury, those with mental retardation, and so on.

These distinctions should not be dismissed as diagnostic

categories. To product managers, these terms represent

markets, whose needs vary greatly. To design teams, they

also represent distinct user groups to be recruited for

assistance with product development.

■ Real-world tasks, or functions with which these different

user groups may have difficulty, such as balancing a

checkbook, keeping appointments, or remembering phone

numbers.

■ Underlying cognitive factors that create those

difficulties, such as problems with working memory,

executive function, attention, or visual and spatial ability.

■ Specific design changes that compensate for those

cognitive deficits. These evolve as technology evolves. New

products may relieve some cognitive burdens and

introduce others.



There are many potential relationships between any two of these

factors. (For example, older adults and people with brain injury

may both have difficulty keeping appointments, but differ from each

other on other tasks.) It will be clear in this summary of the

literature that different authors’ frameworks clash, both within

these factors and between them. Developing a unifying framework

– call it a “roadmap” – is beyond the scope of this report but could

be a research project. A roadmap would allow designers to trace a

path from design change back through user task and cognitive

factors to the populations served. Having a roadmap, designers

could make more principled, organized, and coordinated design

decisions.

Sections 2 through 5 of this report examine the relationships

among these factors in increasing detail. Section 2 discusses

guidelines for accessible design, identifies those that appear to be

relevant to cognitive disabilities, and notes some of the functions or

tasks to which they refer. Section 3 gives an overview of cognitive

factors and notes some of the functions or tasks to which they may

contribute. Section 4 reviews detailed findings from the literature

for some specific disabilities: age-related cognitive disabilities,

learning disabilities, brain injury, and mental retardation. Section 5

summarizes research that relies on very detailed analyses of tasks,

cognitive factors, and interface design changes. Section 6 concludes

by summarizing the state of cognitive disability design and

suggesting areas for further research.
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G U I D E L I N E S  &  S T R A T E G I E S

The most recent, and arguably most comprehensive, compilation of

accessibility guidelines and design strategies is that of the

Telecommunications Access Advisory Committee (TAAC, 1999).

This is a working document maintained by the Trace Research and

Development Center. It is separate from the committee’s formal

report to the Access Board in 1997. These guidelines, in turn, point

to many guidelines and source documents that have come before.

By the time design strategies show up in a cross-disability

compilation like the TAAC guidelines, they have typically been

abstracted away from particular disabilities. The document’s

organization is first in terms of engineering area (input, output,

documentation, device compatibility), and second in terms of the

user’s functional task (understand spoken information, operate

controls, insert disks or attach cables).

Within the Input category of the TAAC guidelines, there is actually

a subgroup of strategies specifically targeted to cognitive disabilities.

However, they are not further subdivided into strategies relevant

to aging, mental retardation, brain injury, and so on. Other input

strategies relevant to cognitive disabilities are found in “Availability

of visual information,” “Access to moving text,” and “Availability of

auditory information.” 

In the Output section there is no disability-specific advice, but again

strategies relevant to cognitive disabilities are found under

“Availability of visual information,” “Access to moving text,” and

“Availability of auditory information,” as well as “Prevention of

visually-induced seizures.” In the Information, Documentation, and

Training section there are many recommendations on simplifying

2
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information presentation, complexity, and organization. The

Compatibility and Specialized CPE section contains requirements

affecting users of augmentative and alternative communication

devices.

Across the engineering categories of the TAAC guidelines, and

throughout the rest of the literature – embodied especially in the

case studies of accommodations – are four classes of strategies:

■ Redundant, user-controlled modality of information

■ Streamlined, user-controlled amount and rate of

information

■ Procedural support

■ Content organization

The first two classes of strategies benefit people with many

different disabilities, although the specific solutions may need to be

adjusted for cognitive disabilities. For example, the same accessible

design that allows people with visual or hearing impairments to

receive information in the modality of their choice (auditory or

visual) also helps people with learning or language disabilities.

The third class of strategies, procedural support, is less well

explored and documented. 

The fourth class of strategies, content organization, tends not to be

included in guideline documents that focus on products and

services, except when documentation is discussed. Research

literature on learning disabilities does discuss document content as

well as reading tools. Increasing attention is being paid to accessible

organization of Web content.

The lists of detailed strategies are illustrative, not comprehensive.

2.1. REDUNDANT, USER-CONTROLLED MODALITY OF
INFORMATION

These are compensation strategies frequently used by people with
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learning disabilities or language disabilities (Day and Edwards, 1996;

Job Accommodation Network 1997c; Lewis, 1998; MacArthur,

1994; Raskind and Higgins, 1998; Riviere, 1996). In addition, the

ability to receive auditory information in static visual form is useful

for people who need more time to process information (Brodin,

1992; Vanderheiden, 1997; Vanderheiden and Vanderheiden, 1991).

Specific strategies mentioned in these sources and the TAAC

guidelines (1999) include: 

■ Use visual examples (diagrams, icons, drawings) in addition

to text descriptions.

■ Provide auditory (e.g., spoken) equivalents for all visual

information.

■ Provide visual (e.g., written) equivalents for all auditory

information.

■ Do both of these in a way that user may choose the

presentation on demand; for example, request that a

particular interface element be spoken aloud, instead of

requiring a screen reader.

■ However, do support screen readers.

■ Also support interfaces to alternative devices.

■ Describe pictures; caption or transcribe audio tracks; 

■ provide audio description of video.

■ Use multiple methods to allow users to identify and locate

controls: shape, size, texture, color, customized labels,

customized keycaps, and/or voice output to announce keys.

2.2. STREAMLINED, USER-CONTROLLED AMOUNT
AND RATE OF INFORMATION

This class of strategies supports selective attention and reduces

perceptual and memory loads for people with all types of cognitive

disability. It also compensates for hemineglect in people with brain

injury. Specific strategies come from the TAAC guidelines (1999) as
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well as work on learning disabilities (e.g., Day and Edwards, 1996;

Raskind and Higgins, 1998) and brain injury (e.g., Bergman, 1991 a,

b). They include:

■ Provide user control of size, placement, and appearance of

display elements: high contrast, large print, numbered 

■ bullets, strong highlighting, placement of elements on right

or left half of display, etc.

■ Support Web style sheets.

■ Provide user control of pitch, volume, rate, and repetition

of auditory information.

■ Support screen magnification utilities.

■ Use simple screen layouts or one thing at a time

presentation.

■ Use standard, simple layouts for controls.

■ Layer functionality; hide less frequently used functions; let

the user customize the environment to foreground

frequently used functions. (However, the risk is that some

people may not look for “hidden” functions – out of sight,

out of mind.)

■ Make the product self adjusting.

■ Use orientation independent connectors and media. Use

wireless connection strategies. Ensure that connectors and

media cannot be inserted improperly.

■ Provide ways in which the user may recognize, rather than

be required to recall, information.

■ Avoid flash or display refresh rates that induce seizure.

■ Keep all messages on the screen until the user dismisses

them.

■ Provide a mechanism to speed up, slow down, or repeat

information until it is acted upon.
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■ Provide a non-time-dependent input method or make

timing adjustable.

■ Avoid functions that require simultaneous actions to

activate or operate.

■ Use a two-step “select and confirm” to reduce accidental

selections, especially for critical functions.

■ Let the user set the pace of interaction with the system.

■ Reduce system lag and response time.

2.3. PROCEDURAL SUPPORT

These strategies support executive functions, in particular planning

and sequencing. They reduce memory load during long interactions

with the product or system and help to counter distractibility.

Integration with calendar or reminder programs can help to make a

given telecommunication product or service part of a well-

organized, productive day. Specific strategies are drawn from the

TAAC guidelines (1999) as well as from work on mental retardation

(Brodin, 1992), brain injury (Levinson, 1995), and various cognitive

disabilities (Job Accommodation Network, 1995; 1997 a, b, d).

They include:

■ Structure tasks, cue sequences, and provide step-by-step

instructions.

■ Provide definite feedback cues: visual, audio, and/or tactile.

■ Provide concrete rather than abstract indicators. Use

absolute reference controls rather than relative ones.

■ Use goal/action structure for menu prompts.

■ Support “wizards” which offer help, simplify configuration,

and assist with sequences.

■ Automate complex sequences like system backup,

application launch, and user registration.

■ Provide defaults and make it easy to re-establish them.
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■ Support integration with calendar or reminder programs.

■ Provide calculation assistance, or reduce the need to

calculate.

2.4. CONTENT STRATEGIES

This class of strategies is particularly useful for people with

language or learning disabilities (Day and Edwards, 1996; Lewis,

1998; Raskind and Higgins, 1998). The literature on “content”

addresses primarily the creation and comprehension of text. This

section can certainly grow to include multimedia documents. Some

of the issues related to multimedia documents have been covered

in sections 2.1 and 2.2 above. Video captioning and Web style sheet

support are examples of those strategies. 

By “content” we are also addressing not only product

documentation (TAAC, 1997, 1999; EITAAC, 1999) but also

information services such as Web pages (Nielsen, 1996). Specific

strategies cited in these sources include:

■ Provide a Web site map plus path information to the

current page.

■ Structure text for easy scanning; provide headings. Use

sequential numbers for numbered menus or lists.

■ Keep language as simple as possible. Highlight key

information.

■ Use highly descriptive words as hypertext anchors. Avoid

the “click here” syndrome.

■ Search engines should support spell check.

■ Searches should support query by example and similarity

search.

■ Users should be able to use word prediction and grammar

and spell checkers in conjunction with all text entry.
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■ Users should be able to use speech recognition as an

alternative to text entry. Support speech recognition or

speech note taking as well as writing or typing, or support

interfaces to appropriate devices.

The TAAC guidelines and strategies are fairly complete. Many of

them are also measurable. A designer would know whether the

product had been significantly improved: “automate procedures,”

“use goal/action structure for menu prompts,” “provide at least

one mode that does not require a response time.”

But some of the strategies are a matter of degree. Without some

form of user testing or human performance modeling, a designer

would not know to what extent people with cognitive disabilities

actually benefit from overly generalized suggestions such as: “use

simple screen layouts,” “keep language as simple as possible,”

“reduce the number of choices.”

In fact, a designer might use several strategies, even measurable

ones, yet miss the combination that makes the product accessible

to people with particular cognitive disabilities. Verifying accessibility

depends on knowing the characteristics of distinct user groups, and

assessing their performance with the complete product. These

topics are discussed in more depth in sections 4 and 5.
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C O G N I T I V E  A B I L I T I E S  A N D
D I S A B I L I T I E S

When designers want to know where guidelines and strategies

come from, guideline writers often provide an overview of

cognitive deficits or of tasks that people with cognitive disabilities

find difficult. Here we will do the same.

Frameworks that others have chosen may be drawn from

neuroscience (Cole and Dehdashti, 1998), the individual differences

literature in cognitive psychology (Carroll, 1993), or access

engineering (Vanderheiden, 1998a).

Anyone interested in developing a roadmap that is strongly based in

theory should consult Carroll’s work. His comprehensive review

and reanalysis of individual differences studies demonstrate that

eight broad cognitive abilities determine human performance.

Narrower abilities are classified under one of these eight headings.

To incorporate Carroll’s framework into a roadmap that can be

used by  designers, significant work is required to tie his

organization more clearly to functional user tasks and to interface

design (see also Dillon and Watson, 1996).

Here, we find it most expedient to list detailed findings under the

high-level headings of Cole and Dehdashti. This should not be

taken as the ultimate taxonomy and placement of some items is

quite tentative, since items gleaned from divergent sources in the

literature may refer to user tasks, underlying cognitive abilities, or

some blend of both.

An important distinction that is not captured by Cole and

Dehdashti’s taxonomy is that between “fluid intelligence” and
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“crystallized intelligence.” Fluid intelligence is the ability to develop

techniques for solving new and unusual problems. Crystallized

intelligence is the ability to bring previously acquired, often

culturally defined, problem-solving methods to bear on the current

problem. They respond differently to several variables, most

notably aging. Fluid intelligence – flexible innovation and the ability

to learn novel things – decreases from early adulthood onward.

Crystallized intelligence – experience – remains constant or even

increases throughout most of the working years (Hunt, 1995).

Another distinction not captured here is the difference between

“level” and “speed” factors (Carroll, 1993). The first has to do with

the ability to do a task; the second, with the ability to do it quickly.

These are worth distinguishing because they make different

predictions about user performance. For example, a test of

computer input devices showed that those that were slowest for

successful users weren’t necessarily the most difficult to master

(Cress and French, 1994).

3.1. EXECUTIVE FUNCTION 

This includes diverse areas such as problem solving, planning, self-

monitoring, task sequencing, prioritization, and cognitive flexibility.

■ Select and execute plans (Levinson, 1995)

Describe goals or procedures

Determine appropriate action sequences

Initiate activity

Repair plans if interrupted or postponed

Implement solution and evaluate outcome (Vanderheiden,

1998a) 

Trace Research  and Development Center, 1996d)

Maintain persistent effort until task done (and no longer)

■ Time management (Levinson, 1995)

Understand past, future
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Generate realistic schedules (Vanderheiden, 1998a)

Keep track of time (Vanderheiden, 1998a)

Perform scheduled activities within time constraints

■ Self-regulation (Levinson, 1995)

Use feedback to control behavior

Inhibit inappropriate reactions

Follow rules

Understand consequences of actions, especially long-term

(Vanderheiden, 1998a)

3.2. MEMORY

This includes short-term, long-term, verbal and visual, procedural,

declarative, and implicit memory.

■ Retain and recall, both short-term and long-term

(Brøderbund and Alliance for Technology Access, 1997)

■ Sequential – retain and recall series in order

(Vanderheiden, 1998a; Brøderbund and Alliance for

Technology Access, 1997)

The following abilities have working memory and/or long-term

memory components.

■ Categorize, perceive category membership 

(Trace Research and Development Center, 1996d;

Levine, Horstmann, and Kirsch, 1992).

■ See causal relations

(Trace Research and Development Center, 1996d).

■ Understand analogical or metaphorical relations 

(Levine, Horstmann, and Kirsch, 1992).
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■ Understand abstract concepts

(Trace Research and Development Center, 1996d).

■ Generalize and apply previously learned information

(Trace Research and Development Center, 1996d).

3.3. ORIENTATION AND ATTENTION

This includes freedom from distractibility, focused attention, and

divided attention.

■ Be aware of self, or self in environment; not getting lost 

(Levine, Horstmann, and Kirsch, 1992; Vanderheiden,

1998a).

■ Be aware of passage of events 

(Levine, Horstmann, and Kirsch, 1992).

■ Spatial relations: know left from right 

(Levine, Horstmann, and Kirsch, 1992; Miller and Shreve,

1994).

■ Compensate for hemineglect due to brain injury

(Bergman, 1991 a and b).

■ Sustained attention – maintain effortful or deliberate activity

(Miller and Shreve, 1994).

■ Selective attention – attend anywhere while filtering out

irrelevant stimuli. Filter out background noise,

overwhelming input. Manage visual clutter 

(Miller and Shreve, 1994; Vanderheiden, 1998a). 

■ Alternating attention – shift rapidly between competing

stimuli or lines of thought.
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3.4 VISUAL-SPATIAL PROCESSING

This includes perception and integration of visual information in

space. The ability to construct mental pictures and use them in

problem-solving is important for mathematics (Hunt, 1995). 

Some taxonomies distinguish calculation as its own category, since,

pragmatically speaking, people with cognitive disabilities have

problems with calculation and assistive technology can help

(Vanderheiden, 1998a). Mathematical tasks can, however, be shown

to include specific components such as visualization, sequential

reasoning, induction, and quantitative reasoning (Carroll, 1993).

■ Discrimination – perceive differences and similarities 

(Trace Research and Development Center, 1996d)

■ Organize and interpret what’s perceived 

(Brøderbund and Alliance for Technology Access, 1997)

3.5 SENSORY-MOTOR PROCESSING

Some taxonomies do not include motor processing as a cognitive

skill, since speed of motor response may be due to physical factors.

Other taxonomies put language skill with a motor component (such

as writing or typing) underneath a “language” heading.

Non-linguistic auditory processing is included here.

■ Discrimination – perceive differences and similarities 

(Trace Research and Development Center, 1996d)

■ Organize and interpret what’s perceived 

(Brøderbund and Alliance for Technology Access, 1997)
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3.6. LANGUAGE

This includes expressive and receptive language, repetition,

prosody, speech rate, and fluency.

■ Speak

Choose correct word and sentence structure 

(Vanderheiden, 1998a; Trace Research and

Development Center, 1996d).

■ Listen 

Understand or hear certain sounds, syllables, words

(Vanderheiden, 1998a; Trace Research and

Development Center, 1996d).

■ Write and type (Miller and Shreve, 1994; Vanderheiden,

1998a)

Form letters, order them (vs. mirror writing) 

(World Health Organization, 1980).

Type, spell, choose correct words 

(Brøderbund and Alliance for Technology Access, 1997).

Organize text, develop discourse structure 

(Brøderbund and Alliance for Technology Access, 1997).

■ Read (Miller and Shreve, 1994; Trace Research and

Development Center, 1996d)

Read individual letters, words 

(Brøderbund and Alliance for Technology Access, 1997)

Comprehend text, draw conclusions 

(Brøderbund and Alliance for Technology Access, 1997)

Understand maps, signs, symbols, pictograms, simple

diagrams or schematics 

(Vanderheiden, 1998a)



3.7. EMOTIONS

This encompasses control of and expression of emotions, detection

and understanding of emotions, and frustration tolerance. This

category is noted here, but is not considered as an issue in the

remainder of this report.

■ Be sensitive to others’ emotional expression

■ Take others’ perspective

■ Respond differently to situations based on context (Levine,

Horstmann and Kirsch, 1992; Vanderheiden, 1998a)
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S P E C I F I C  C O G N I T I V E  D I S A B I L I T I E S

Designers need to know the population they are designing for, and

who to recruit to help test or evaluate the result. Here we

summarize information found in these articles about specific

cognitive disabilities, the functional and cognitive factors associated

with them, and the design implications. This information varies in

breadth and depth. The articles on age are the most specific about

the match between design and specific cognitive abilities. These

findings should generalize to populations with learning disabilities,

brain injury, and mental retardation in cases where the same

underlying cognitive abilities are affected.

4.1. AGE

Age is not so much a cognitive impairment as it is a circumstance

that correlates with cognitive impairments. Differences in task

performance among older adults are still great, despite the average

decline in cognitive function with age. Part of what pulls average

performance down is the late-life onset of Alzheimer’s disease and

of dementia; the percentage of adults with each of these ailments

increases sharply between ages 65 and 85 (Trace Research and

Development Center, 1996d).

A useful segment of the literature focuses on finding the underlying

cognitive mechanisms responsible for the “age” effect, correlating

task performance with those abilities, and directing redesign to

minimize differences in performance.

4
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4.1.1. Human Capabilities

Cognitive processes that decline with age include attention,

working memory, discourse comprehension, inference formation

and interpretation, and encoding and retrieval processes. Areas that

decline less, or not at all, include semantic priming tasks, picture

recognition, implicit memory, prospective memory, and highly

practiced or expert behaviors. Explanations include age-related

slowing in learning and performing tasks, plus failure to inhibit –

attention to irrelevant detail (Park, 1992).

In the literature on mnemonic functioning, older adults most

frequently report problems remembering names. They also have

problems with immediate memory (including what one was about

to do), conversations, and recalling recent events (West, 1992).

Middle age (45-64), old age (65-74) and late old age (75+) are

distinctly different in patterns of cognitive abilities. Slowing in

response time becomes “pronounced”; by 75+ learning rate is

halved from the 20s and there are significant declines in the ability

to do two tasks at once. Fluid intelligence declines before

crystallized intelligence and both have declined by 75+ (Charness

and Bosman, 1992). Adults in their 70s test 15% to 40% lower on

various measures of intelligence or cognitive function than adults in

their 20s, even when timed test-taking is removed as a possible

factor (Yesavage, Lapp, and Sheikh, 1992).

Older adults have less efficient working memory and problem-

solving skills for novel tasks. They also slow in response time and

may have an overconfidence in their ability to handle risky

situations compared with middle-age adults. The latter is a

metacognitive problem (Charness and Bosman, 1992). Instructions

that require inferring, reorganizing, or integrating multiple sources

of information place heavy demands on older users’ working

memory (Morrow and Leirer, in press). A similar pattern shows up

in studies of work performance. Cognitive ability, particularly

working memory, may be the best predictor of work performance

when the worker is in “transition,” acquiring new information or

learning new procedures. “Maintenance” periods – which may
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extend over years of experience – make fewer cognitive demands

(Murphy, 1989; in Park, 1992). Integration of information and

complex decision components is more difficult for older

management teams (Steufert et al., 1990; in Park, 1992). Older

adults may not show deficits in performance if the new

information, however complex, fits into already well-learned

schemes. 

Perceptual speed, the speed at which mental operations are

performed, is also considered fundamental to considering age-

related differences and may even contribute to differences in

working memory (Salthouse, 1985; Salthouse and Babcock, 1991;

both in Echt, Morrell, and Park, 1998).

Several studies look at how well variance in underlying cognitive

abilities explains “age” results. Age did predict recall of automated

health appointment information, even when working memory and

note-taking accuracy were taken into account (Morrow et al.,

1998a). But age did not predict comprehension of, or memory for,

printed medication information when cognitive abilities (verbal,

spatial, working memory) were taken into account (Morrow et al.,

1998b). In a study comparing older adults’ mastery of CD-ROM-

based vs. printed training materials, spatial and visual working

memory best predicted success with the CD-ROM materials.

Perceptual speed best predicted performance with the printed

manual (Echt, Morrell, and Park, 1998).

4.1.2. Design implications

4.1.2.1. Pick user and task models with care. 

Studies of younger adults show that matching the user interface to

the user’s cognitive representation of the task increases

performance; however, the mental models must be tuned to the

given task and individual (Carroll and Reitman Olson, 1988). 

Charness and Bosman (1990) outlined parameters for predicting

the performance of older adults, based on the well-received model

of Card, Moran, and Newell (1983). The field needs less biased
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samples from which to derive these design parameters. Laboratory

work also needs to be extended to real-world tasks (all citations in

Charness and Bosman, 1992).

4.1.2.2. Provide streamlined, user-controlled amount and

rate of information. 

Several strategies are important here. First, streamline functionality.

Because older adults have less efficient working memory and

problem-solving for novel tasks, they should benefit more from the

“training wheels” approach of limiting the application’s overall

complexity (Carroll and Carrithers, 1984; both citations from

Charness and Bosman, 1992).

Provide extra time for training, for learning novel tasks, and for

performing tasks. A summary of several studies of training

techniques show no interactions with age for learning software.

However, another body of work indicates that older workers need

more time and more assistance to go through whatever training

regimen is chosen. For word-processing studies the time difference

in completing a self-paced tutorial was 1.5 to 2.5 times slower.

Response time also becomes much slower with advancing age

(Charness and Bosman, 1992). 

Minimize distractions. Providing extra study time doesn’t fully

compensate for complex or badly organized material. Age-related

slowing is more severe for complex, ill-defined tasks, even when

older adults have unlimited time to learn. Similarly, memory training

has the potential of improving basic, general cognitive processes,

but older adults tend to be sensitive to context – or to the wrong

aspects of context – and may not generalize the training (Park,

1992; Yesavage, Lapp, and Sheikh, 1992).

4.1.2.3. Use prompts for procedures and support decision-

making. 

In particular, expect and support reliance on external memory aids.

In studies of automated appointment reminders, enforced message
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repetition reduced age differences in recall. When repetition was

made optional, older patients did take advantage of it. (This

indicates some metacognitive skills at work.) They paid enough

attention to take accurate notes but not enough to recall as much

as younger patients (Morrow et al., 1998a; Morrow et al., 1995).

External strategies – lists, calendars, visual cues, notes – are older

adults’ most common type of memory aid in everyday situations.

They are preferred to internal memory strategies (West, 1992). A

simple accommodation is the use of a phone with memory buttons

for older adults who have difficulty remembering numbers. Pictures

can be added to the memory buttons for those who have trouble

with names or codes (Mann, 1996).

4.1.2.4. Support content strategies. 

Bear in mind that training format matters less than careful design of

materials. One study evaluating four types of training found that

ATM accuracy and transaction times were best for an online

tutorial group, intermediate for detailed text and pictorial guide

groups, and worst for a description-only group. However, even

with the tutorial, older adults were only 60% correct in completing

all the components of each transaction (Rogers et al.; in Rogers and

Fisk, 1997). However, a study comparing older adults’ mastery of

CD-ROM-based vs. printed computer training materials found no

performance difference due to type of material. In this case, the

printed manual was comparable to the CD-ROM in content except

for animation, and the manual format was designed with older

adults in mind: large sans serif print, concise content, bolded key

terms, and easy-to-see colors (Echt, Morrell, and Park, 1998).

Again, pictures are no panacea; those that require more inferences

penalize older adults (Morrow et al., 1998b).

Require fewer inferences, or help people to make them. In studies

of medication information, iconic medication timelines were added

to well-designed text instructions. When the icons were integrated

(with more explicit information about time and dose, thereby

requiring fewer inferences), both younger and older adults

comprehended them better than text alone. Nonintegrated icons,
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which required more inferences, penalized older adults. Note that

this means that including illustrations in documentation is not

automatically beneficial (Morrow et al., 1998b; compare the TAAC

guidelines and strategies, 1999). In studies of wayfinding, it was

easier for older adults to learn their way around unfamiliar

environments when helped to integrate different views or

perspectives into a mental model of the entire space (West, 1992).

Re-use familiar, well-learned organizational schemes. In studies of

spatial memory, older adults using consistent, organized arrays for

objects find them as easily as younger adults. Older adults benefit

from familiar environments because of self-paced knowledge

acquisition, distributed practice, and overlearning. (West, 1992)

Experiments on medication instructions showed that older and

younger adults actually share an organizing scheme for such

information. (This is culturally shared, “crystallized” intelligence, as

described by Hunt, 1995. It is less likely to decline with age.)

Written instructions using this common scheme increased recall 13

– 20% overall. Additionally, a list format reduced age differences in

comprehension time and particularly benefited the oldest (>70

years) participants (Morrow and Leirer, in press).

4.2. LEARNING DISABILITIES AND LANGUAGE
IMPAIRMENTS

Learning disability (LD) is a generic term covering multiple

functional impairments. Because so many people with LD have

problems with written and spoken language (Raskind and Higgins,

1998; Reid et al., 1991), accessibility guidelines often include people

with language impairments in the same category as those with LD.

4.2.1. Human Capabilities

Learning disabilities are marked by problems in the “acquisition and

use of listening, speaking, reading, writing, reasoning, or

mathematical abilities” (Hammill et al., 1987). Individuals with LD

will have significant difficulties in one or more of these areas but
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also relative strengths in others. By comparison, individuals with

mental retardation will have a flatter, lower, “strength” profile

(Shaw et al., 1995). 

The most commonly reported difficulties are in reading and writing,

but it’s likely that oral language and mathematical disabilities are

underreported (Johnson and Blalock, 1987). Working memory

seems to be implicated in problems with mathematical reasoning,

since that disability becomes more apparent as cognitive load

increases. Another study indicates that LD readers’ working

memory deficits are greater than those of nondisabled readers

(Reid et al., 1991). Crystallized knowledge – accumulated

experience – is also affected. LD students with reading problems

frequently have slow lexical access, which decreases their attention

and comprehension. As they grow older, this leads to cumulative

deficits in knowledge and language acquisition (Snider and Tarver,

1987, in Reid et al., 1991).

Educators evaluating people with LD should be able to identify

information processing difficulties that explain the functional

impairments: short- or long-term memory, strategic learning,

automatization of skills and strategies, or executive control of

strategies. Further limitations in sensory abilities, physical abilities,

or psychosocial skills may occur with LD or may help rule it out in

favor of another explanation (Shaw et al., 1995).

4.2.2. Design Implications

4.2.2.1. Provide redundant, user-controlled modality of

information. 

The same accessible design that allows people with visual or

hearing impairments to receive information in the modality of their

choice (auditory or visual) also benefits people with learning or

language disabilities (Day and Edwards, 1996; Job Accommodation

Network 1997c; Lewis, 1998; MacArthur, 1994; Raskind and

Higgins, 1998; Riviere, 1996). People who have problems with

written text can hear it spoken, and vice versa. In one typical study,

39



people with dyslexia who were able to scan written materials into

an optical character recognition device with speech synthesis

increased their reading rate and comprehension (Elkind, Black, and

Murray, 1996, in Raskind and Higgins, 1998). In another, adding

speech to text had a rehabilitative effect: it doubled the rate at

which students acquired decoding (reading) skills (Wise and Olson,

1994, in Lewis, 1998).

4.2.2.2. Provide streamlined, user-controlled amount and

rate of information. 

Features particularly useful to people with LD are the ability to

speed up, slow down, or repeat information, particularly auditory

information. 

Related to this is the ability to focus attention and minimize

distraction by having the product display information in large print

or high contrast, and by highlighting text by the word, phrase, or

sentence as it is read aloud (Job Accommodation Network, 1997c).

Distraction is also a potential problem with multimedia

enhancements to static text. Hypermedia in talking books is

intended to provide pronunciation aids, illustrations, and other

reading aids. Its secondary benefit is to promote engagement with

the text (Lewis, 1998; MacArthur, 1994). But animation and other

“hot” visual effects can be distracting. Swanson (1989, cited in

Lewis, 1998) argues that individuals with learning disabilities are

typically “inefficient rather than passive” learners. If so, animation

will draw their attention away from, rather than engaging their

attention to, the task.

4.2.2.3. Prompt procedures and support decision-making –

but don’t expect everyone to use very structured tools. 

People with learning disabilities use organizing devices ranging from

“freeform databases” (simple electronic lists), to watches with

alarms, to voice activated day planners with voice input technology

(Job Accommodation Network, 1997c; Riviere, 1996). From this

range of devices one can begin to infer the variability in users’

needs. Some need text input and output, and some need spoken
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language. Some benefit from structured tools, while others need to

capture information quickly without having to worry about how to

enter it into the system.

Task specific planning and decision aids are also useful. Since so

much of LD accommodation focuses on language, the most

commonly cited planning and decision aids are outliners, idea

generation and capture programs, and other writing tools. Students

with LD typically have problems with the planning activities

associated with writing: setting goals, generating content through

memory search and information gathering, and organizing material

carefully (Flower and Hayes, 1981, in MacArthur, 1994).

Talking calculators and other mathematical tools are also included

in the “procedural support” category.

4.2.2.4. Support content strategies. 

All the strategies listed in section 2.4 apply when designing for

people with learning disabilities. These include the use of well-

structured text, aids to text entry, and support for speech

recognition and speech notetaking. The speech technologies are

especially appropriate for portable, networked telecommunications

devices. Voice dialing is an alternative to number entry. Telephone

recording (as with an answering machine) lets people review the

content of a phone call at their own pace. Speech notetaking is an

alternative to written notes (Job Accommodation Network,

1997d).

4.3. TRAUMATIC BRAIN INJURY

People whose cognitive functioning has been affected by closed or

open head injury or by stroke are said to have traumatic brain

injury (TBI). People with TBI vary greatly in severity and type of

cognitive disability. The literature on “cognitive prostheses” –

computer systems that support these people in resuming activities

of daily living such as managing household affairs – emphasizes

highly customized software with few functions (Bergman, 1991a, b;

Bergman and Kemmerer, 1991; Bergman, 1998; Chute et al., 1988;
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Cole and Dehdashti, 1998). However, it appears that the people

willing to spend time and money on a cognitive orthotic are those

whose disability is so severe that they cannot use off-the shelf

products.

4.3.1. Human Capabilities

Brain injuries often result in selective, rather than global, memory

deficits. For example, amnesic patients can acquire a variety of

motor, cognitive, and perceptual skills in a nearly normal fashion

but not remember the learning episodes (Glisky, 1992). Cognitive

dimensions of profound disability often contain small pockets of

ability, which are made visible during detailed software

development of assistive technology (Cole & Dehdashti, 1998).

Case studies illustrate how cognitive disabilities may cluster and

vary from individual to individual. Here are a few examples:

■ Difficulty and strain in attending to items on one side of the

visual field (hemineglect); problems with short-term

memory, sequencing, and executive functions (Bergman,

1991a).

■ Problems with memory, oral communication, processing

speed, and concentration (Bergman, 1998).

■ Amnesia; also problems with prospective memory,

attention, concentration, visual-spatial processing, and

executive functions (Cole and Dehdashti, 1998).

■ Expressive aphasia (communication limited to head

movements); also memory limits and visual, spatial, or

motor problems with computer cursor control (Chute et

al., 1998).

■ Moving information from short-term to long-term memory:

an inability to remember any new information after 30

minutes (Cole and Dehdashti, 1998).

■ Short-term memory loss, auditory discrimination problems,

and visual difficulties with computer screen flicker and glare

(Job Accommodation Network, 1997a).
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With appropriate accommodations and assistive technology, people

who had spent years attempting to use computers and other

communication aids have been able to live and work more

independently. They were able to manage their own schedules,

create and read text documents, balance their checkbooks, and pay

bills. In one mild case, the remedy was as simple as providing a

distinctive ringer on the phone and an anti-glare screen on the

computer (Job Accommodation Network, 1997a).

In the literature surveyed, only the work of Glisky and colleagues

(Glisky, 1992; Glisky, Schachter, & Tulving, 1986) measures brain

injured participants’ underlying cognitive abilities and correlates

them with task performance. People with amnesia have lower

scores on memory tests – for example, on delayed tests of logical

memory and visual reproduction. However, people with mild or

moderate amnesia, given an appropriate training environment, may

equal nondisabled people in learning and performance of simple,

structured tasks such as data entry.

On the average, amnesic patients learning basic computer

programming and file manipulation started out with the same

knowledge as non-disabled participants, eventually made few

errors, and retained information over one or more months.

However, they took much longer to reach criterion. They did less

within-session learning and more between-session forgetting. They

also had difficulty answering general or open-ended questions

about what they had learned (Glisky, Schachter, & Tulving, 1986).

Amnesic patients learning data entry, a simpler task, could

demonstrate knowledge they had gained even if they could not

describe it. Their rate of gain in task speed was the same as that of

non-disabled participants: 50% during the first training round, 15%

during the second (Glisky, 1992).
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4.3.2. Design Implications

4.3.2.1. Provide streamlined, user-controlled amount and

rate of information. 

Most importantly, provide a mode with minimum functionality.

Eliminate or hide what isn’t essential. A Business Week cover story

argues the benefits of streamlining consumer products (Nussbaum

and Neff, 1991). The cognitive aids described here go much further

(Bergman, 1991a, b; Bergman and Kemmerer, 1991; Bergman,

1998; Cole and Dehdashti, 1998).

The design approach reads like a stringent version of the TAAC

strategies (1999). Applications each had very few functions,

compared to off-the-shelf software. (For example, the text

processor described by Bergman, 1991b, had two functions and

was upgraded to three.) Error messages were concrete. Important

functions were moved to labeled, unshifted keys. Hemineglect was

accommodated, for example, by shifting screen objects to one side

of the display. Sequences were simplified, prompted, or eliminated.

Redundant, multisensory cues were added. Typical components in

both systems included a text processor, a check-writing program, a

daily schedule, a paint program, and a remote control application

that enabled the user to work with a therapist on line. In one case

a scheduler with a pager was customized for a physician who sent

himself appointment information and other timed reminders (Cole

and Dehdashti, 1998).

The telecommunications equivalent of such a system might be

something like the hypothetical “Companion” described by

Vanderheiden (1992), a simple wireless phone with voice output

and speech recognition, problem-solving aids, and reminder

function.

Also, support radical customization, either by the user or by

someone working with the user. Both Bergman and Cole and

Dehdashti report adding, deleting, or modifying entire components

of the product for each user. Cole and Dehdashti note that
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customization was instance-specific as well: cognitive chunks in

different parts of the software needed to be different sizes.

Iterative, participatory design sessions were particularly common

with early users of their system. In later versions they succeeded in

doing mass customization more quickly.

4.3.2.2. Provide self-paced training and consider an adaptive

trainer.

Adaptive trainers are discussed further in section 5.3. Briefly, they

block certain errors, diagnose others, suggest effective responses,

and fade into the background as users’ skills increase. Effective

computer training systems for amnesic patients (Glisky, Schachter,

& Tulving, 1986; Glisky, 1992) acted like adaptive trainers. They

provided vanishing cues, evaluated responses, and occasionally

offered more direct prompts. The systems were self-paced. It may

also be important that users had the opportunity to learn the

knowledge completely, or even “overlearn” it.

4.3.2.3. Use prompts for procedures and support decision-

making. 

People with brain injury and those with learning disabilities have

many of the same needs in this area. People with brain injury may

be more likely to need support with executive functions such as

planning and scheduling. An interesting device that meets this need

is PEAT, a hand-held electronic calendar and address book that has

built-in telephone, fax, and Internet capabilities (Levinson, 1997). It

generates daily plans, checks with the user about how activities are

progressing, and reschedules activities in order of importance if the

user is falling behind schedule. The planner is based on a simulation

of the brain’s own planning functions.

4.4. MENTAL RETARDATION

Mental retardation (MR) appears before adulthood. It is

characterized by “significantly subaverage intellectual functioning”

with related limitations in two or more of the following areas:
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communication, self-care, home living, social skills, community use,

self-direction, health and safety, functional academics, leisure, or

work (American Association for Mental Retardation, 1999). Mental

retardation is characterized by limitation in both intellectual and

adaptive skills.

4.4.1. Human Capabilities

People who are mildly retarded (80-85% of the population with

MR) have an IQ between 55 and 69. They achieve a 4th through

7th grade education and function well in the community, holding

down semi-skilled and unskilled jobs (Trace Research and

Development Center, 1996d).

People with MR have working memory deficits. Perceiving,

processing, and storing information require greater effort, and take

more time.  Specifically, people with mental retardation have

problems with sensory discrimination. Also, since people with MR

have difficulty thinking in abstract terms, concrete operations and a

concrete environment are essential for their accommodation

(Brodin, 1992)

Note how the profile of people with MR is different from that of

people with learning disabilities or brain injury. In the latter cases

there tend to be specific deficits but also relative strengths in many

other functional areas. We would expect that some of the tools

used by people with learning disabilities would need to be adapted

for use by people with mental retardation. For example, a program

that speaks written text would need to be much simpler than a

typical computer-based screen reader.

The performance of people with mental retardation is not just a

slower, scaled-down version of that of nondisabled adults, nor is it

equivalent to that of nondisabled children. This is particularly true

for tasks that have both cognitive and motor components. A

person with mental retardation may be physically more capable of

doing the task than a young person of the equivalent mental age,

but may have greater cognitive difficulties. 

In a study comparing learning of 5 input devices, adults, children
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with MR, and normally developing children had different patterns of

device mastery and task speed. The touchscreen (the fastest device

overall) was significantly slower for children with MR, possibly

because they tended to separate the simultaneous pickup and drag

of targets into separate actions. Normally developing children

mastered all devices after relatively brief training sessions; children

with MR did not master the devices as easily, even with training,

and had particular problems with the trackball and locking trackball

(Cress & French, 1994).

4.4.2. Design Implications

4.4.2.1. Provide streamlined, user-controlled amount and

rate of information. 

To do this, provide a mode with minimum functionality. Eliminate

or hide what isn’t essential. The “Companion” hypothesized by

Vanderheiden and mentioned in the section on brain injury was

actually created with mental retardation in mind. In terms of other

strategies, user-defined pacing and adaptive training are likely to be

useful, but there is no direct evidence for that in these articles.

Minimizing distractions is another promising strategy, but again

there is no evidence here specific to MR.

4.4.2.2. Provide redundant, user-controlled modality of

information. 

Providing that operation is simple, people with mental retardation

benefit from having text information spoken aloud. They would

also benefit from having status tones translated into something

more meaningful, such as visual indication of call status (Kaplan,

DeWitt, and Steyaert, 1992). In several studies of moderately

retarded adults and children, the introduction of still picture phones

increased callers’ independent use of telephones. Communication

was more effective and user satisfaction and self-confidence were

greater, perhaps because these devices make visual and auditory

information available simultaneously (Brodin and Magnusson, 1992
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a, b; Brodin, 1994). Videophones with Pictogram monitors and

document cameras were more complex and presented usability

problems (Brodin, 1994).

4.4.2.3. Prompt procedures and support decision-making. 

Vanderheiden (1992, 1998b) recommends such aids. The Job

Accommodation Network (1997a) gives a low-tech example: a

greenhouse worker carrying a tape recorder with reminders to

stay on task and indicators of break time. Again, talking calculators,

automatic checkbooks, and other mathematical tools are included

in the “procedural support” category (Vanderheiden, 1992).

Orientation aids are important for those who tend to wander or

who may need to be located by emergency services (Vanderheiden,

1992, 1998b); this could equally well apply to older adults with

dementia or Alzheimer’s.

4.4.2.4. Support content strategies. 

There is some design guidance on using simple language, if we take

as a starting point that people with moderate mental retardation

achieve a 4th through 7th grade education.
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T O W A R D S  B E T T E R  G U I D E L I N E S
A N D  S T R A T E G I E S :  C L O S I N G
T H E  G A P

Great improvements in product design can be made by providing

access where none existed before. Provide information in

redundant modalities; remove time-dependent controls; eliminate

sequences. Each of these strategies makes it possible for people

with disabilities to use products they could never use before.

But if designers take as their goal the EITAAC (1999) benchmark

that people with disabilities should be able to “perform the same

tasks, access the same information, with the same approximate

ease and in the same approximate time and at the same cost,” then

a finer analysis of user ability and task performance is needed. 

Individual differences in task performance, even among people

without disabilities, are massive. The ratio between slowest and

fastest computer task times can be 20:1. Even the ratio between

people at the 25th and 75th percentiles can be 2:1 to 4:1. For

word processing and information search, the greatest source of

differences is time in making and recovering from errors. In

programming, mental representation of the problem and the

system also has a significant effect (Egan, 1988).

Egan demonstrates that careful attention to these individual

differences can guide interface design, resulting in the elimination of

age, aptitude, and experience disadvantages. His goal is to aid the

people having the most difficulty, without penalizing those with

better performance. His methods work for the cognitive

differences underlying “age,” and they should work equally well for

differences underlying other cognitive disabilities.

5
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5.1. CORRELATIVE WORK: ASSAY, ISOLATE,
ACCOMMODATE

The methodology for closing the gap is elucidated by Egan and

Gomez in studies of text editing performance (1985; Egan, 1988).

First, assay individual differences. Find out which ones correlate

with performance on the chosen task. Many plausible factors may

be irrelevant. Egan and Gomez found that only age and spatial

memory mattered for the text editors they studied; education,

typing speed, verbal aptitude, job experience, associative memory,

and logical reasoning had no effect on performance.

Second, isolate task components. Do a task analysis and determine

which components individual differences affect. This is admittedly

an art. Egan and Gomez verified their analysis by creating new tasks

with the same components and obtaining the same pattern of

correlations, but this additional test is impractical for design teams.

Third, accommodate the differences by redesigning the interface to

minimize performance differences. Measure user performance

again. Egan and Gomez compared a line editor to a newer display

editor. The newer design simplified command syntax, reducing age

differences in performance, but the changes related to spatial

memory ability were mixed (and cancelled each other out).

5.2. USER PROTOTYPES

Egan (1988) outlined four ways in which user interfaces could

accommodate individual differences. These approaches range from

user interface focused to training focused:

■ Interface robustness: the improved mass market design of

products used casually by large numbers of people. This is

the approach discussed in section 5.1 above.

■ User prototypes: tailoring the interface to meet the needs

of a few broad classes of people.

■ Adaptive trainer systems: supporting novice performance

by prohibiting certain errors, diagnosing others, and

prompting effective responses. Appropriate to settings
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where people need to learn a moderate amount to

become productive.

■ Automated mastery learning: providing customized

intensive training. Most appropriate where people need to

master a great deal of material to a high level of proficiency.

In practice, universal design uses both “interface robustness” and

“user prototypes.” Examples of the latter include providing

interfaces in different languages, or creating a basic mode that

presents much less functionality than the full product. The EZ

Access strategies (Law and Vanderheiden, 1998; Vanderheiden,

1997; Vanderheiden, Law, and Kelso, 1998) could also be placed in

the user-prototype category.

5.3. ADAPTIVE TRAINERS AND AUTOMATED
MASTERY LEARNING

Adaptive trainer systems would seem to be ideal for people with

cognitive disabilities. Glisky (1992; Glisky, Schacter, and Tulving,

1986) used such a self-paced system to train people with amnesia

on computers, using cues that gradually vanished when no longer

needed. Older adults may also benefit from fading cues that help

them generalize to full, unaided use of a system (West, 1989). The

concept is also known as “scaffolding.” Scaffolding is part of a

universal design approach to curriculum which includes

summarizing main ideas, providing scaffolds for learning and

generalization, building fluency through practice, and assessing

background knowledge (Rose, 1988).

Adaptive trainer systems relieve memory burdens by providing

assistance with novel sequences and prompting data entry (TAAC,

1999).

As when designing more robust, universal interfaces, careful task

analysis is essential. To design a trainer system, it is crucial to know

how errors cluster, what their causes are, and what will promote

transfer from the trainer system to the full system (Egan, 1988).

The line between trainer system and interface enhancement blurs

in the case of “wizards,” which remain available to users even after
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initial training. Wizards are included in today’s mass market

products more frequently than Egan might have anticipated in

1988.

Automated mastery learning environments, although they are

effective cognitive aids, are expensive to develop and require

detailed user modeling. The self-paced math and programming

tutors developed by Anderson and colleagues (1995) are excellent

examples. The cognitive benefits of using the tutors were

significant: in the best case, nondisabled students cut learning time

by one- to two-thirds and scored significantly higher on post-tests.

The success of that tutor was largely due to the sophistication of

the user model, which predicted moment-by-moment what

knowledge each user had or had not acquired. However, Anderson

et al.’s other principles of tutor design can be taken from that

report and added to accessibility guidelines and strategies. Some of

them are already familiar:

■ Provide instruction in the problem-solving context – but

between problems, not during them. Otherwise, problem-

solving is interfered with. (This appears to be a case of

interference with working memory and perhaps executive

function.)

■ Promote an abstract understanding of the problem-solving

knowledge. Help students generalize principles from

concrete examples.

■ Minimize working memory load. Minimize irrelevant

information and teach new components only when others

have been relatively well mastered.

■ Provide immediate feedback on errors. This is best for

reducing task time, most likely by reducing time spent in

error (see also Egan, 1988). Simply flagging errors or

providing feedback only on request is less successful.

■ Facilitate successive approximations to the target skill. Let

the tutor fade gradually into the background with repeated

practice.
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R E C O M M E N D A T I O N S  F O R  F U T U R E
R E S E A R C H

Functional guidelines already exist, as do a variety of practical

strategies for making better products for people with cognitive

disabilities. In the belief that product-specific strategies will

continue to be improved by design experience, we begin this

section with the most concrete areas for research.

6.1. REFERENCE DESIGNS

Designers often work from examples. A research project that

creates one or more examples serves several important functions.

First, it demonstrates the feasibility of universally designing

appealing products that are also usable by people with cognitive

disabilities. This is especially important given the stigma associated

with cognitive disabilities. Second, the examples can be publicized

and specific design solutions can begin to find their way into

commercial products. Third, working, user-tested designs create

more data from which detailed strategies can be derived.

The Trace Research and Development Center has created just such

a “reference design” for an accessible wireless phone (1999).

Features in the reference design that are most relevant for

cognitive disabilities are: 

■ An EZ button that allows one to have the label for any key

read aloud, as well as the contents of the display and all

menus and features of the phone.

■ An infrared port for wireless connection to assistive

6
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technologies.

■ A “one button feature” that allows the phone to be

programmed so that it will automatically dial only one

number (or a small list of numbers) when any keypad

button is pushed. An optional cover plate to create a true

“one button phone” can be added.

This is a good start for basic telephony functions. The reference

design doesn’t address the complexity of the menus – a service-

dependent issue, rather than a hardware issue, that is nonetheless

an important one for users. Nor does it explicitly address the

degrees of customization that might be available between “full

functionality” and “one button” operation.

There are certainly other potential reference designs that could be

used to explore those issues:

■ Phone plus Personal Digital Assistant (PDA). Wireless

phones are now being manufactured that incorporate a

larger touchscreen with stylus. In addition to hardware

accessibility and usability issues (see Cress and French,

1994), the phone-plus-PDA also provides software that is

important to people with cognitive disabilities. How

accessible and usable is the calendar/reminder program?

The address book? The expense tracker? The Web

browser? The email program? How would useful

configurations of this device vary between someone with

learning disabilities and someone with mental retardation?

Are there a few default customizations that could easily be

downloaded from the manufacturer’s or service provider’s

Web site?

■ Phone-plus-PDA combined with desktop computer. How

can desktop-PDA integration make both systems easier to

use for people with cognitive disabilities?

■ Web style sheets. Service providers sending Web content

to restricted displays (televisions, PDAs) filter and reformat
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it to fit. The content can become quite streamlined. How

does this relate to features of content design that help

people with cognitive disabilities better navigate and use

the Web? Does it make sense to have specific style sheets

for various cognitive disabilities, just as there are several

large print, high contrast schemes for people with low

vision? And how might this work generalize to talking

books and to instructional CDs? (See Hendrix and

Birkmire, 1998; Nielsen, 1996; World Wide Web

Consortium, 1998.)

6.2. SPECIFIC DESIGN ISSUES

6.2.1. Layered or Restricted Functionality

Between full functionality and one-button operation lie

intermediate levels of cognitive difficulty. In the training literature

this is called a “training wheels” interface (Carroll and Carrithers,

1984; in Charness and Bosman, 1992). It is possible to measure

how effective these interfaces are, both in and of themselves, and

as a way to block typical errors and promote learning of the full

product (Egan, 1988). In mass market products, layered

functionality shows up as “short menus” and feature-hiding panels.

How effective have those implementations been, particularly for

people with cognitive disabilities? Are there principled methods for

determining how to layer or prune functionality? How might this be

demonstrated in the effective design of a phone-plus-PDA device?

6.2.2. Training, Procedural Support, and Problem-
solving

The adaptive training and tutoring systems described in this report

(Anderson et al., 1995; Glisky, Schacter, and Tulving, 1986; Glisky,

1992) were effective but time-consuming to develop. Yet mass

market computer interfaces now have wizards and intelligent help

systems that watch the user’s behavior and offer support. How
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well do these interfaces work for people with cognitive disabilities?

How can they be improved? How can they be brought into the

world of small but networked telecommunications devices?

In the area of problem-solving, we have the example of PEAT

(Levinson, 1997), a problem-solving device that specializes in

planning and scheduling. There are other problem-solving aids that

could be redesigned for people with cognitive disabilities and

adapted to portable telecommunications devices. For example,

people with cognitive disabilities need orientation and wayfinding

(Vanderheiden, 1998b). One can begin to see the components of a

better portable tool. First, on the Web there are free mapping and

route-planning services, but the directions may be difficult to follow

for people with sequencing and visualization impairments. Second,

the “Atlas Speaks” product by Arkenstone takes pre-planned route

information and downloads it into a portable device, in text or

audio format. Finally, wireless phones will provide positioning

information. If the positioning information is sufficiently accurate, it

may be possible for users not only to play back pre-planned

directions, but also to find out where they are, determine whether

they are off track, and request new directions from a network

service. Such a device could also receive precise local information

from Talking Signs® (Crandall, Bentzen, and Myers, 1998) in

environments where those are available.

6.3. USER PROFILES AND QUICK TESTS

Designers have less understand of cognitive disabilities than sensory

or mobility impairments. In our experience, designers without

access engineering background tend to think of cognitive disabilities

as something like mental retardation, a broad and general

intellectual impairment. They do not yet understand the specific

deficits resulting from aging, learning disability, or brain injury. Nor,

more importantly, do they yet understand the mapping between

those specific deficits and equally specific design solutions.

Designers need more concrete pictures of people with cognitive

disabilities. These pictures, or “user profiles,” help designers create
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usage scenarios for a product (Nielsen, 1993; Shneiderman, 1992).

For example: “Jane, who has a specific learning disability, gets a

reminder from her electronic appointment calendar and then sets

up a conference call.” User profiles and usage scenarios help

designers before systematic user testing is possible, in the early

stages of product definition. They are refined throughout the

project. They serve as test cases: “Would this feature we are

thinking about really help Jane?”

When these user profiles are developed, people with cognitive

disabilities should be recruited as active participants in the process

(Doe and Whyte, 1995).

It might even be possible to create “quick tests,” rough simulations

of what it is like to use products when one has a given cognitive

disability. The goal of a quick test is not to be a precise simulation

of human performance but to give designers a sense of the user

experience. They are useful when formal testing with real users is

not possible.

6.4. USER MODELS AND HUMAN PERFORMANCE
CHARACTERISTICS

Usability testing is only one method of evaluating human

performance with a product. Human factors engineers can create

user models, which are predictive simulations of a person’s

performance with an interface. 

How long does it take to read the display? To decide which key to

press? To press it? To evaluate the result? If one interface requires

more keypresses, but another requires an extra decision, which is

the better design – and for whom?

User models are based on estimates of human perception,

cognitive processes, and motor behavior. These estimates can and

should be extended to include people with disabilities. Charness

and Bosman (1990) combined the well-regarded methods of Card,

Moran, and Newell (1983) with performance data from the aging

literature to arrive at parameters for predicting the performance of
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older adults. It is important to include adults over 75, since their

cognitive capabilities are distinctly different from those of the

“young-old” between 65 and 75 (all citations in Charness and

Bosman, 1992).

Given the time and effort that user modeling currently requires, it

may be naïve to think it will significantly reduce the need for

usability testing (as suggested by Dillon and Watson, 1996).

However, the field of usability engineering needs design tools that

cover people with disabilities as well as those without.

6.5. CORRELATING DESIGN WITH COGNITIVE
ABILITIES

Throughout this report we have highlighted research that ties

specific design issues to equally specific human cognitive

capabilities. This correlative research (exemplified by the work of

Egan, Glisky, Morrow, and various researchers on cognitive aging)

has two important benefits.

First, it helps to refine existing design strategies. For instance,

because of the work of Morrow and colleagues on icon design

(1998b), designers know more about implementing the TAAC

strategy of including illustrations in documents (1999).

Second, correlative research is a principled way of tying accessible

design to universal design. It recognizes the underlying cognitive

ability (e.g., working memory). It also acknowledges the wide

variation in that ability within populations as well as between them

(Egan, 1988).

In accordance with the EITAAC approach (1999), priority should be

given to research on closing the gap in performance between

people with disabilities and those without. This will also help

equalize performance within nondisabled populations.

It’s also important to include participants with disabilities who are

less educated, wealthy, and independent than those typically

recruited for studies. A rare example is the work of Craik, Byrd, &

Swanson (1987, in Park, 1992). They compared recall performance
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of low-income, inactive elderly people with that of low-income

active elderly, upper income active elderly, and young active adults.

More structured recall cues helped to close the gap: the most

disadvantaged, worst performing group made the largest

improvements in recall. More attention also needs to be paid to

older aging populations, those over 75 (Charness and Bosman,

1992; Echt, Morrell, and Park, 1998; Science Directorate of the

APA, 1993).

The design topics of this correlative research will, of course,

change as technology changes. The text editor improvements

proposed by Egan and Gomez (1985) are commonplace today.

Researchers in this area need to choose design topics that have the

greatest possible impact given technology trends and product

availability.

6.6. THE ROADMAP

Finally, there is the roadmap discussed in section 1.3. Without this

unifying framework, it is difficult to be clear about the relationships

between these four factors in the literature:

■ Distinct groups of people with cognitive disabilities.

■ Real-world tasks or functions with which these various user

groups have difficulty.

■ Underlying cognitive factors creating those difficulties.

■ Specific design changes that compensate for the cognitive

deficits and improve task performance.

Correlative studies (section 6.5) and reference designs (section 6.1)

contribute to the roadmap, but need to be tied to a better

theoretical framework (such as Carroll, 1993). User profiles

(section 6.3) and underlying demographics are also a part of the

roadmap, and are useful to marketers who need to understand the

business implications of serving these markets.
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Allen, Bryce. 1994. “Cognitive abilities and information system

usability.” Information Processing and Management, 30 (2), 177-191.

Allen argues that designers need to know how user characteristics

(cognitive abilities) interact with system characteristics. If a proposed

system change makes the system easier to use for some, but has no effect

or a negative effect for others, then user-selectable options may be

required.

In two experiments, college students evaluated interfaces similar to those

that might be used to retrieve information from a card catalog. Cognitive

abilities were assessed with the Kit of Factor-Referenced Cognitive Tests

(Ekstrom et al., 1976).

In experiment 1, an interface design change helped minimize performance

differences. When 60 catalog references were presented in reverse

chronological order, students with higher logical reasoning skills did a better

job at judging their relevance to their “research topic”. However, when the

system ordered catalog references from most to least relevant, there was

no correlation between logical reasoning skill and task performance. Logical

reasoning skill was assessed by the Nonsense Syllogisms Test and the

Diagramming Relationships Test; only the latter correlated with test results.

Control variables such as academic department, class level, familiarity with

the topic, and so on also had no effect.

In experiment 2, no such relationship was found. Two versions of a catalog

subject listing were prototyped: a flat list and a 3-level expandable

hierarchy. It was hypothesized that perceptual speed would affect search

precision and that the hierarchical list would help minimize that difference.

The lack of results is probably due to taking the wrong performance

measure (accuracy, not task time or time per item scanned) and a ceiling

effect on user performance (users had no trouble finding many more

relevant references than the two asked for). Perceptual speed was

measured by the Number Comparison Test and the Identical Pictures Test.
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This comprehensive book is a great resource for looking at ways assistive

technology can aid in functional accommodations. This authors designed this

book to focus on a functional look at a person’s needs rather than looking at

deficits.  The book does not focus exclusively on telecommunications;

however, there are many references incorporating telecommunication

equipment in the solutions.  

The book is divided into three parts:

1. The Search for Solutions guides one through the process of

defining one’s needs, developing a technology plan, building a

supportive team and making technology related decisions.

2. The Technology Toolbox focuses on the technology itself, offering

examples of various assistive technologies.

3. Helpful Resources and References contains lists of resources,

references, and organizations that the authors have found valuable in

their personal and professional study of assistive technology.

American Association for Mental Retardation. 1999. “Fact sheet: What
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Mental retardation (MR) appears before adulthood. It is characterized by

“significantly subaverage intellectual functioning” with related limitations in

two or more of the following areas: communication, self-care, home living,

social skills, community use, self-direction, health and safety, functional

academics, leisure, or work. It is characterized by limitation in both

intellectual and adaptive skills.

Anderson, John R., Corbett, Albert T., Koedinger, Kenneth R. & Ray

Pelletier. 1995. “Cognitive tutors: Lessons learned.” Journal of the

Learning Sciences, 4(2), 167-207.

Anderson et al. review 10 years of applied research on their approach to

designing computer-based instructional technology, which they call “tutors.”

They built several tutors to teach algebra, geometry, and LISP

programming. They then evaluated the use of these tutors in classrooms

(mostly in university classrooms, since personal computers were not
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powerful enough at the time the first systems were built to permit tutor

use in secondary schools). They then report progress on making practical

tutors that can work in high schools.

At first the tutors were intended as applied tests of Anderson’s theory of

learning and problem solving (ACT*, later ACT-R). The subjects chosen

were those in which students had to master not only declarative (factual)

knowledge, but also procedural (how-to-do) knowledge. Procedural

knowledge is represented as productions (IF-THEN rules about student

goals). This cognitive modeling is labor-intensive; for these tutors, about 10

hours of development time per production rule.

In each learning module, students are provided with brief declarative

instruction and then a good deal of guided practice.  (The assumption that

declarative knowledge is relatively easy to acquire may not hold for people

with various cognitive disabilities.) The tutor has information about multiple

solution paths, and behaves simply like a structure editor if the student is on

a reasonable path. If the student makes a mistake, the tutor provides

feedback; if the student makes several mistakes in a row, the tutor will

provide a correct next step plus explanation. The tutor software internally

represents the student’s goals and subgoals, provides assistance matched to

the current subgoal, and asks the student to indicate which of two or more

subgoals he or she is working on if it isn’t clear.

The LISP tutor, in several versions, provided more striking results in

learning time and task accuracy than the other tutors. Students using it cut

their learning time by one- to two-thirds and scored significantly higher on

post-tests. The LISP tutor, uniquely, had a student modeling facility called

“knowledge tracing,” which estimated the probability that the student had

learned each of the rules in the cognitive model. This was used to

implement a form of mastery learning – learning to a specified criterion.

The learning and performance models underlying knowledge tracing were

powerful: they not only made the tutor more effective, but also could be

used to predict each student’s performance on the post-test.

The ACT theory inspired 8 principles for tutor design.

1. Model student competence as a production set. Acquiring

detailed components means acquiring the cognitive skill.

2. Communicate the underlying goal structure to students.

3. Provide instruction in the problem-solving context – but

between problems, not during them. (Otherwise problem-solving is

interfered with.)
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4. Promote an abstract understanding of the problem-solving

knowledge. Help students generalize principles from concrete

examples.

5. Minimize working memory load. Minimize irrelevant information

and teach new components only when others have been relatively

well mastered.

6. Provide immediate feedback on errors. In later tests, immediate

feedback was best for reducing task time, most likely by reducing

time spent in error. Versions of the tutor that simply flagged errors or

that offered feedback only on request were less successful. Lack of

feedback was the worst case; students in this condition took at least

3 times as long as those receiving immediate feedback.

7. Adjust the grain size of instruction with learning. Although it

seemed reasonable to combine productions into larger “chunks” for

more advanced students, the particular design chosen did not test

well.

8. Facilitate successive approximations to the target skill. With

repeated practice, the tutor provides less and less help, eventually

fading into the background. This worked well.

In making their tutors more suitable for high schools, Anderson and colleagues

made several practical changes.

■ Identifying the interface to which students’ learning must transfer –

spreadsheets, graphing packages, paper and pencil – and integrating

or mimicking those tools.

■ Allowing teachers to modify the system and facilitating others’

software development for it. Providing teachers with the option of

choosing which skills or modules are taught.

■ Working with the local school district on how best to integrate use of

the tutor into an overall curriculum that meets national instructional

goals.

Barker, Peggy.  1998.  “Access Strategies for WebTV (R).”  Paper

presented at 1998 CSUN Conference, Northridge, CA. 

Web: http://www.dinf.org/csun_98/csun98_036.htm

WebTV (R) is easy-to-use and adaptable access to the Internet through a
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television, rather than a personal computer.  WebTV requires a specially

designed terminal, which is connected to a television, a  phone line and an

Internet service provided by WebTV Network, Inc.  The  terminals are

distributed by Sony, Philips Magnavox and Mitsubishi.

The WebTV (R) browser modifies the appearance of some Web pages in

order to that they can be displayed on a TV and accessed with a remote

control.  With WebTV, print size can be enlarged to accommodate those

with reading, and other learning disabilities (as well as those with low

vision).  

The WebTV (R) Internet Terminal is typically operated with a remote

control that can be used with a TV and/or remote keyboard.  In addition,

the Internet terminal can be used with a standard PC keyboard plugged into

a PS-2 connector on the back of the Internet terminal.  Most of the

functions of the remote control have keyboard equivalents; thus, WebTV

can be adapted to input devices such as, programmable or trainable remote

controls, or adaptive keyboards.  Sicare pilot, one of the trainable remotes

which uses a single switch to scan functions, is also available with speech

recognition.  The programmable or trainable remotes available include the

Director and U-Control II, which are interfaced with Augmentative

Communication Devices that have RS-232 output.  These programmable

and trainable remotes accommodate people with learning, and other

cognitive disabilities for whom text is inaccessible.  Several keyboard

overlays, designed for IntelliKeys, make WebTV accessible to cognitively

disabled people also.

Bergman, Marilyn M. 1991a.  “The necessity of a clinical perspective in

the design of computer prostheses.” Journal of Head Trauma

Rehabilitation6 (2): 100-104.

Bergman argues that the design of computer prostheses for brain injured

people must be neuropsychologically guided.  Unguided design will place

stress on the brain-injured user.  To illustrate these claims, Bergman

presents a case example of a custom designed text writer for use by a left-

handed woman with left hemi-neglect.  The text writer had few steps and

was functional.  Bergman writes that because the neuropsychologically

based design features of the text writer proved effective to the extent that

they did, these features were fundamental to the subsequent design of a

finance program, and a telephone center, as well as to other functions

integrated into a computer prosthesis.  Before the text-writer was

designed, the woman had been unable to learn sequences, experienced

mental fatigue, often misplaced writing tools, and lost her place on the

monitor screen.  Bergman notes that a letter cancellation task
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demonstrated that because the woman’s right-side was dominant, she

would begin to visually scan from the bottom right and then along the right

edge of the paper.  A 20-minute computer design trial indicated that the

woman could work effectively, comfortably, and for longer periods if she

were permitted to work exclusively in the right half of the screen.

Bergman explains that when the woman was required to use the full

screen, she developed an intense headache in seconds.  Thus, the system

was designed in ways that shifted all of the woman’s work, as well as her

equipment, into her right hemispace.  For example, on-screen instructions

and cues appeared at bottom right, function keys were moved to the right

side of the keyboard, and all information inputted appeared in the right half

of the monitor screen.  Simplified sequences, which were structured with

discrete, small steps, and organization, which was made integral to the task,

supported executive functions.  Complex command sequences were

replaced by invisible ones.  On-screen cues and instructions, which always

appeared in the same location and format, were a prosthesis for the

woman’s short-term memory, and guided sequences.  Multi-sensory input

and redundant cues were used to establish associations; for example, since

the woman responded to sound, an auditory tone that accompanied the

press of function keys was introduced to alert her  when she had

completed single actions; since the woman retained an appreciation for

color, her attention was enhanced when a color of her preference was used

for monitor background.  

Bergman, Marilyn M.  1991b.  “Computer-Enhanced Self-Sufficiency:

Part 1.  Creation and Implementation of a Text Writer for an

Individual with Traumatic Brain Injury.” Neuropsychology5 (1): 17-23.

In this case study, a text writer, whose design relied upon principles of

neuropsychology and computer science, was employed as an adaptive

device for JM, an individual with TBI.  Prior to this intervention, JM was

unable to turn on hardware or boot software reliably.  She could not

reliably name, save, or retrieve documents.  She had difficulty scanning the

monitor, especially to the left, and tended to lose her place and panic.  She

avoided printing because of the complex sequence of print commands and

the spatial and motor requirements of a tractor feed printer.  Behavioral

observations were made during design of the system and training sessions.

The study presents 4 months of data.

In order to eliminate the initial sequence of commands which confused JM,

and which were difficult for her to remember, a program to automatically

provide the command sequences required to boot the text writer program

was created and installed into the hard disk drive of a continuously running

computer.  Placed to the right of the keyboard, a toggle switch
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accommodated JM’s preference for her right side, permitting her to turn

the monitor display on and off.  A two-command text writer was designed.

A single keystroke triggered an invisible sequence: opened the text writer,

set colors and margins, displayed an instruction block, and logged data.

Having typed, JM could print a copy and automatically exit the text writer

with one stroke of the F6 function key.  On-screen instructions and cues

reminded JM to load the printer with paper, as well as to press F6 when

this step was completed.  Another on-screen cue which read “printing in

progress” was incorporated into the program.  Because JM retained

appreciation for color and conventional connotations, green (F6) connoted

“go,” or proceed to the next step; a different function key (F10), one which

enabled escape to the master menu from any point in the system, and

which connoted “stop,” was color coded red.  In turn, a three-command

text writer was developed to enable JM to print multiple copies, where

additional strokes of (F6) produced additional copies.  For the purposes of

the three-command text writer, the keystrokes that triggered printing and

exiting were given new meanings.  

Bergman writes that in the initial training session after the installation of the

two-command text writer, JM was able to use all functions of the two-

command text writer.  In the 2 days subsequent to the initial training, JM

used the text writer independently eight times.  

Bergman, Marilyn M., and A. Gail Kemmerer.  1991.  “Computer-

Enhanced Self-Sufficiency: Part 2.  Uses and Subjective Benefits of a

Text Writer for an Individual with Traumatic Brain Injury.”

Neuropsychology 5 (1): 25-28.  

In this article, Bergman and Kemmerer discuss the impact of a customized

text writer (see Bergman 1991a, 1991b) on an individual, JM, who had been

brain injured 4 years prior to the intervention.  The text writer supports a

variety of JM’s daily activities and functions.  The authors note that she uses

the text writer to compose lists of things to do, to purchase, and to

remember.  She also uses it to give instructions to others and to make

requests, as well as to document phone calls.  The authors claim that JM’s

frustration and panic have decreased because she is more self-assured of

her ability to record her thoughts.  According to Bergman and Kemmerer,

JM claims to experience less cognitive strain, improved concentration, and

improvements in here linguistic and episodic memory.  Bergman and

Kemmerer point out that the ease and comfort with which JM is able to

negotiate the system permits diverse applications, which has made it

integral to her daily functioning.  Family and friends of JM report that her

ability to attend, remain oriented, and initiate and retain information have

improved.  According to Bergman and Kemmerer, JM reports that this text
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writer system provided a structured, finite domain in which she could

exhibit mastery, which enhanced her self-worth and self-esteem.

Bergman, Marilyn M.  1998.  “Cognitive Orthotics Enhance the Lives of

Users with Cognitive Deficits.”  Paper presented at the 1998 CSUN

Conference, Northridge, CA.

Web: http://www.dinf.org/csun_98/csun98_160.htm

In this paper, Bergman describes four case studies in which four individuals

were provided with Essential Steps™, a multi-function computer system

configured to enable each of them to manage specific tasks, extend the

domain of activities in which they could engage, as well as accommodate

their diverse memory, cueing, sequencing and organizational impairments.

Each person’s computer system recorded usage data with respect to the

type, frequency and duration of every action and activity sequence.  

The first case study is described in some detail elsewhere in this document

(Bergman, 1991a; 1991b; Bergman & Kemmerer, 1991).  The second case

study involves a man with memory, sequencing, and planning disabilities due

to an extensive brain injury.  Case study three involves a man who has

pronounced memory limits due to a closed skull brain injury.  The fourth

case study involves a man whose brain injury has impaired his memory

storage, slowed his oral communication and mental processing, and

decreased his level of concentration.  Bergman argues that the usage data

of her studies demonstrate the reliability and meaningfulness of cognitive

orthotics as a means to increase the independence of people who have

experience brain injuries. 

Blanchard, Harry E.  1997.  “Standards: Standards for Multimedia,

Accessibility, and the Information Infrastructure.”  SIGCHI Bulletin29

(3): http://www.acm.org/sigchi/bulletin/1997.3/standards.html

This bulletin refers to multimedia, accessibility of computers to disabled

users and the so-called “information infrastructure”.  Blanchard does not

refer to specific disabilities or specific modifications; rather, his focus is an

update on the status of gross policy and standard issues by the ANSI/HFES

200 committee in Human Factors and Ergonomics Society Human

Computer Interaction Standards.  

The Accessibility section of ANSI/HFES 200 is to provide guidelines for

system designers that will maximize the usability of computer software for
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people with disabilities.  The document has two goals: 

1. To provide some guidelines for designing systems and software so that they

can utilize and integrate with add-on assistive devices and

2. To provide guidelines to designers which will promote greater usability in

systems without requiring add-on devices.

Blanchard also discusses the Information Infrastructure Standards Panel

(IISP) in the U.S.  The IISP does not develop standards but manages the

standards development process, as done by other agencies and societies.

Its principle goal is to identify what is needed in terms of standards to

promote the development of the National and Global Information

infrastructure (NII and GII).  The IISP is made up of 7 working groups.

1. WG1: Common Principles of understanding

2. WG2: Standards Framework Management

3. WG3: Standards Development and Tracking System

4. WG4: User/Content Provider Standards Requirements

5. WG5: International Aspects of the NII/GII

6. WG6: Cross Industry Understanding and Cooperation

7. WG7: Role of Government

Brink, Satya.  1997.  “The Twin Challenges of Information Technology

and Population Aging.” Generations: Journal of the American Society on

Aging: Aging and Information Technology, 21 (3): 7-10.

Much of the article focuses on the broad perspective and rationale of

inclsion of the aging population in use of technology.  Of relevance to this

project is the section titled Is Information Technology Inclusive or Exclusive?

Here Brink lists 4 areas: 

1. Exclusion through lack of exposure or access

2. Exclusion because of technological illiteracy

3. Exclusion because of design

4. Exclusion because of cost

Under the section “Exclusion because of design” Brink points out that
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“designers may not take into account the characteristics of potential users

who are not ‘average.’ ”  Brink writes: “portable products that are too large

or too heavy may not be handy for anyone to use, but while miniaturization

has made the portable telephone and television lighter and smaller, the

controls are now difficult for elderly people to see and to operate.”

Brøderbund Software and The Alliance for Technology Access. 1997.

“An Evaluation of Brøderbund Software Products: for children with

learning disabilities and distinct learning styles.”  Brøderbund

Software, Inc.  

Brøderbund Software, in partnership with the Alliance for Technology

Access, has prepared this document so software selection can be more

rewarding and less problematic. Their goal is to help identify appropriate

titles that will foster success by accommodating a child’s learning styles.  A

check list of process skills and academic skills was developed to provide the

evaluators with a means to identify which skills were fostered without

facilitation or intervention. A checklist of access features was designed to

assess the user’s control, the types of modalities, and the key characteristics

that foster success.  

There is a glossary of skills — both processing and academic —identified

that was used in evaluating the software activities.

This brochure folds out to a 25 inch x 22 inch poster grid that that lists

thirty-seven products by Brøderbund across the top (x axis). Down on the

left (Y axis) lists fifteen processing skills, eight academic skills and sixteen

access features.  Dots appear in boxes where the different software

products contain any of the skills or features listed.  These skills and

features are most associated with children with learning disabilities and

diverse learning styles.

Brodin, Jane.  1992.  “Telecommunication for People with Mental

Retardation.  Requirements and Services.”  Report No. 3 in the series

Technology, Communication and Disability.  Stockholm: Department of

Education, Stockholm University.

The author writes that 0.45% of the total population of Sweden is classified

as mentally retarded (or, approximately 38,000); the percentage in the US is

twice, or in some states six times as high, that is, 2-3% of the total

population (Bake & Grunewald, 1986).  Brodin estimates, furthermore, that

1% of the total population in the western world is classified as mentally

retarded.  In other words, Brodin states that approximately 5 million
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persons classified as mentally retarded live in the whole of Europe, 60% of

whom are classified as mildly or moderately retarded.  An evaluation of still-

picture telephony for children and adults who are labeled moderately

mentally retarded has shown that the possibilities to use telecommunication

facilities increases for this population if they are provided with an adapted

environment, and adapted equipment (Brodin and Bjorck-Akesson, 1991).

Studies of still-picture telephony for people labeled profoundly retarded

suggest that same thing, although with this population the importance of the

use seems to derive from social and emotional reasons (Brodin and Bjorck-

Akesson, 1992).

This report aims to define the requirements of these user populations

within the telecommunication area.  On a biomedical definition, people are

labeled retarded in whom the ability to understand what ones sees, hears

and experiences is impaired, and the ability to perceive, process, and store

information is reduced.  On a social conception, mental retardation could

include that an individual cannot meet the requirements in the community.

Importantly, in Sweden, people are classified as mentally retarded if they

incur an injury or limitation which impairs their ability to such a degree that

they require daily support and assistance in order to participate in the

activities of the community.  These individuals have short term memories

whose capacity is lower than those deemed to be within the normal range.

Perceiving, processing, and storing information require greater effort, and

take more time for these individuals than these activities do for others.

More specifically, these individuals are often unable to discriminate and

perceive sensory impressions.  Since the ability to think in abstract terms is

lower in these people, concrete operations and a concrete environment are

essential for their accommodation.    

Brodin, Jane.  1994.  “Videotelephony for two persons with moderate

mental retardation.”  International Journal of Rehabilitation Research

17: 357-363.

Studies conducted by Brodin and Bjorck-Akesson (1992) and Brodin (1993)

have shown that still-picture telephones can facilitate communication by

people who have been labeled moderately and profoundly mentally

retarded, and who are non-verbal or whose verbal capabilities are limited.

This article suggests that one reason this might be so is that these devices

make visual and auditory information available simultaneously.  The article

also suggests that picture telephones might contribute to the independence,

and increased social activity, of this constituency.  On the basis of these

studies, a mini-trial and advanced communication experiment (ACE) were

conducted using video telephones in the European programme RACE 2033

(Research in Advanced Communications Technologies in Europe),
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Telecommunity.  Mini-trials with videotelephony for people labeled mentally

retarded were conducted in Ireland, Norway, Portugal and Sweden.  This

article reports on the Swedish mini-trial.  

The Swedish mini-trial aimed to evaluate these factors: (1) the equipment;

(2) the ability of people labeled moderately retarded to understand how to

use the equipment; (3) the points of view of the staff with respect to the

equipment, training methods, etc.

Evaluation of the mini-trial was drawn from questionnaires, interviews, and

observations.  Daniel and Tom, two men with Down’s syndrome, who have

been labeled moderately retarded, who used Pictogram symbols, sign

communication, gestures, facial expressions, and sound, and whose spoken

language was rated as “poor,” were participants in the study.  The

evaluation of effectiveness focused on their ability to operate the

equipment, its ability to accommodate their disabilities, and the extent to

which it enhanced their communicative competence, where the latter is

functionality (linguistic, operational, and socio-relational) in daily life.  

Daniel has a visual impairment, is hard-of-hearing, and has difficulty with

speech, in particular, and communication, in general.  Although he cannot

read, he recognizes the letters which form his name, as well as objects and

persons on pictures and photos.  Although he uses speech, it is not easy to

discern.  He often misunderstands or does not understand what others say.

Once he was introduced to the still-picture telephone, and provided with

sufficient training on it, Daniel began to use this means of communication

independently on a daily basis, although he had seldom used the standard

telephone prior to intervention.  He answers the phone and is also able to

recognize the voice of the caller.

Tom has difficulty with speech, in particular, and communication, in general.

He recognizes words and symbols for communication; he uses Pictograms,

picture communication, photos, diary, schedule, Pictogram stamps, and a

still-picture telephone as communication aids.  Although he is interested in

telephoning, he does not initiate calls.

The equipment used in the mini-trial consisted of a video monitor,

Pictogram monitor, document camera, laser printer, and concept keyboard.

[Brodin et al., 1993 details the technical equipment used in the mini-trial.]

The 50 most frequently used Pictogram symbols were chosen for each of

the two participants.  Brodin points out that since the interests of the

participants change over time, it is difficult to know which symbols are the

right ones to choose.  Although the men could not use other symbols with

the concept keyboards, they could do so by showing the symbols on the

document camera, or by simply holding them up in view of the video-

telephone.  Connections between video-telephones were made through
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the public integrated services digital network (ISDN).  

Evaluation of the technical aspects of the equipment focused on quality of

image, quality of sound, function of the document camera, and function of

the concept keyboard.  The quality of the image was rated as follows: in 10

cases, the quality of the image was deemed to be satisfactory; in 21 cases,

poor and very poor; in 8 cases, good; in 1 case, very good.  The quality of

the sound was rated as follows: in 14 cases, satisfactory; in 13 cases, good;

in 1 case, good; in 11 cases, poor or very poor.  In 28 cases, Daniel and

Tom had difficulty correctly placing the pictures and the objects on the

document camera.  They also did not readily understand that the objects on

the document camera must be removed before other pictures could be

transmitted.  In 23 cases, it was difficult for them to put on and change the

overlays on the concept keyboard during telephone calls.  Since a change

over time was noted, this might be rectified with additional training.  

Of a total of 405 transmissions of pictures, 243 were made via the concept

keyboard.  Brodin suggests that this was probably due to the fact that the

Pictogram pictures were easy to find on the keyboard.  The participants

made 105 of the 405 transmissions via the document camera.  

Brodin concludes that the study shows the quality of technical equipment

that was used needs to be improved, especially with regard to quality of

sound and image.  Alterations must be made in order that the overlays are

easier to place on the concept keyboard.  Conversations were limited

insofar as the participants each had use of only 50 symbols.            

Brodin, Jane, and Magnus Magnusson.  1992a.  “Videotelephones and

mental retardation: survey of results achieved and research in

progress” Report No.  1 in the Series, Technology, Communication and

Disability. Department of Education, Stockholm University.

Brodin and Bjorck-Akesson (1991) conducted a study whose aim was to

discover what use and pleasure moderately retarded persons could derive

in their daily life from using a still-picture telephone.  Five adults and three

children with moderate retardation were given access to a visual telephone

system (Panasonic WG-R2) during five months.  Two others, who acted as

telephone dialogue partners, were given the same facilities.  Everyone

involved had at least one telephone.  A total of 20 telephones were used

during the experiment.  

Data on each subject were collected through detailed enquiries on (for

instance) age, sex, housing conditions, functionality, communication habits,

ability to recognize, and understand, symbols and pictures, and familiarity
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with telephones.  Every phone conversation was annotated by the person

who helped the subject to make the call, diary entries were made at the

end of each week, successive interviews were made with staff and parents

during the project period, and video recordings were made at the day

centers.  Over the course of the study, a total of 607 conversations were

annotated, and in turn, computer processed.  

Results of the study showed that four of the adult users, and two of the

children, increased the frequency with which they used the phone, used it

more adequately, and the picture enabled them to communicate more

effectively.  At the time of writing, six of the subjects still used the phone in

a functional way and appeared to have gained self confidence and

independence with respect to its use.  

Under the auspices of RACE (Research and Development in Advanced

Communication Technology in Europe), research was conducted on the use

of picture telephones by children in rural Portugal (Pereira, Matos,

Purificacao, and Lebre, 1991).  Fifteen subjects, ranging in ages from 8-23,

participated in the study.  Of the fifteen, eight were classified as mildly

retarded, six moderately retarded, and one severely retarded.  Twelve of

the children had difficulties with vocabulary, twelve with articulation, six

were stutterers, and one was deemed to have a normal communication

competence.  

The study (which is limited insofar as it is based upon observations of only

one occasion per child) showed that the children quickly accepted the

presence of the picture telephone.  Both sound and image quality were

satisfactory and the children understood their teacher’s instructions without

difficulty.  It was concluded that there were considerable advantages of the

picture phones: children who were often absent, some of whom lived at a

great distance, could be taught at home; the picture phones encouraged

parent engagement in the child’s school work.  

Pereira, L.M., Matos, M.G., Purificacao, J. and P. Lebre.  (1991).  Picture

Communication and People with Mental Impairment.  Proceedings from the

World Congress on Technology.  Washington, DC., 75-99.

Brodin, Jane, and Magnus Magnusson.  1992b.  “Still Picture

Telephones for People with Aphasia and Mental Retardation.”  Report

No. 4 in the series Technology, Communication and Disability.

Department of Education, Stockholm University: Stockholm.  

This report outlines some evaluations made of the use for picture based

communication of still-picture telephones by people with aphasia and

mental retardation.  The report is based upon two empirical studies which
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were presented at the 1992 CSUN conference in Northridge, CA.  

For the purposes of the study, a Panasonic WG-R2 Visual

Telecommunication Unit, attachable to a common socket, and functioning

on the analogue network, was used.  To make a call, one needed to dial a

number on a common acoustic telephone first and press the switch on the

still-picture telephone, whose 8 controls were located on its front, to the

right of the 4.5” monochrome monitor, and whose camera-lens was located

at top front, above the monitor.  The 8 push-button controls and their

functions are as follows: 

on/off switch: turns the unit on and off

light 1: increases the light 

light 2: lowers the light

video: enables reception of picture from external video camera

quick transmission: diminishes picture and increases transmission speed

repetition: repeats pictures from memory

freeze: freezes and saves up to six pictures in the memory to send 

or watch locally

transmission: freezes and transmits picture simultaneously at a

transmission speed of 10.2 sec/picture excluding sounds.

The repetition, freeze, and transmission controls were larger and clearer

because of the frequency with which they were to be used.

There were 5 connectors on the back of the unit: video in, video out,

AC/DC, wall outlet and telephone connector.  The authors explain that the

monitor is black and white, and although it has considerable sensitivity to

lighten effects, as well as distance from objects transmitted, its ability to

focus is very limited, and it does not show sharp contrast.  There is a

handle on the top of the unit and an adjustable stand to regulate the angle

of the phone underneath it.  

There were 15 persons with aphasia used in the project.  According to the

authors, the technical features of the phone did not pose problems for the

participants: its commands and functions were fairly easy to understand,

and it was easy to connect.  The main problem with the telephone was that

several of the participants had hemiparesis and required hands-free

functions.  There were some other problems with regard to the

relationship between the lamps and the camera lens of the telephone.  If

objects shown in front of the camera were too large, they were not clearly
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identifiable.  The authors note that the idea scope of the camera seemed to

be the face and the upper portion of a  human body to make the picture

detailed enough.  In a clinical/therapeutic context, black and white

Pictogram symbols were found to be easier to distinguish than letters,

perhaps due in part to the aphasia.  

The authors remark that future research, whose goal is to improve the

quality of distance communication for speech impaired people, should aim

to investigate to what extent picture-based distance communication makes

distance communication more like face-to-face communication.

Carroll, John B. 1993. Human cognitive abilities: A survey of factor-

analytic studies. New York: Cambridge University Press. 622-627, 631-

655.

In chapter 16, Carroll summarizes his hierarchical, Three-Stratum Theory of

cognitive abilities. The theory is based on a factor analytic study of correlation

of variables from measures including psychological tests, school marks, and

competence ratings. The factor analysis suggests three layers or strata, with

each layer attempting to account for the variation in factor loadings at the next

lower level. Thus, the three strata are defined as representing narrow, broad,

and general cognitive ability.  The broad stratum contains eight “moderate

specializations of ability” described as:

“…ratiocinative processes (fluid intelligence); prior acquisition of knowledge,

particularly in language (crystallized intelligence): learning and memorial

processes: visual perception; auditory perception; facile production of ideas;

and speed.”

Cognitive speed is further divided into two abilities: speed of response and

speed in processing information accurately. Carroll further categorizes the

broad stratum abilities as emphasizing process (fluid intelligence, memory and

learning, and general retrieval), content (crystallized intelligence, general visual

perception and general auditory perception), and response (broad speediness).

Carroll argues that factors are not mere artifacts of a mathematical process.

The factors do describe stable and observable differences among individuals in

the performance of tasks.  The existence of physiological explanations for the

differences in ability (e.g., muscle firing rates) does nothing to limit the

effectiveness of factors in accounting for behavioral differences.

Carroll proposes a taxonomic dimension in the distinction between level

factors and speed factors. The tasks that contribute to the identification or

level factors can be sorted by difficulty and individuals differentiated by

whether they have acquired the skill to perform the tasks. Tasks that

contribute to speed factors are distinguished by the relative speed with which
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individuals can complete them. Carroll suggests that the distinction between

level and speed factors may be the broadest taxonomy of cognitive tasks that

can be offered.  Carroll distinguishes his hierarchical approach from taxonomic

approaches such as Guilford’s Structure of Intellect model (three-dimensional

model with contents, operations, and products).

Carroll supports the attempt to analyze complex cognitive tasks into their

components, and rejects the goal of finding cognitive correlates (e.g., Hunt,

1987; Hunt, Lunneborg, and Lewis, 1975).

For example, mathematical tasks require not some vague “mathematical

ability,” but rather can be shown to involve specific components such as

sequential reasoning, induction, quantitative reasoning, and sometimes

visualization.

So that readers can assess how these components compare to measures taken

in other studies, and how useful these components may be for access

engineering, we restate the information in Carroll’s Table 15.1. Stratum II is

the eight “moderate specializations” used as headers; Stratum I is the list of

detailed abilities found under each header.

1. Fluid Intelligence

Level factors:

General sequential reasoning

Induction

Quantitative reasoning

Piagetian reasoning

Speed factors:

Speed of reasoning

2. Crystallized Intelligence

Level factors:

Language development

Verbal (printed) language comprehension

Lexical knowledge

Reading comprehension

Reading decoding

Cloze ability

Spelling ability

Phonetic coding

Grammatical sensitivity

Foreign language aptitude

Communication ability
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Listening ability

Foreign language proficiency

Speed and level factors:

Reading speed

Oral production and fluency

Writing ability

3. General Memory and Learning

Level factor:

Memory span

Rate factors:

Associative memory

Free recall memory

Meaningful memory

Visual memory

Learning ability

4. Broad Visual Perception

Level factor:

Visualization

Speed factors:

Spatial relations

Closure speed

Flexibility of closure

Serial perceptual integration

Spatial scanning

Perceptual speed

Miscellaneous:

Imagery

Length estimation

Perception of illusions

Perceptual alternations

5. Broad Auditory Perception

Level factors:

Hearing and speech threshold factors

Speech sound discrimination

General sound discrimination

Sound-frequency discrimination

Sound-intensity discrimination
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Sound-intensity/duration discrimination

Musical discrimination and judgment

Resistance to auditory stimulus distortion

Temporal tracking

Maintaining and judging rhythm

Memory for sound patterns

Absolute pitch

Sound localization

6. Broad Retrieval Ability

Level factor:

Originality / creativity

Speed factors:

Ideational fluency

Naming facility

Associational fluency

Expressional fluency

Word fluency

Sensitivity to problems

Figural fluency

Figural flexibility

7. Broad Cognitive Speediness

Speed factors:

Rate of test taking

Numerical facility

(Perceptual speed; also listed under #4)

8. Processing Speed (RT Decision Speed)

Speed factors:

Simple reaction time

Choice reaction time

Semantic processing speed

Mental comparison speed

Charness, Neil, and Elizabeth A. Bosman. 1992. “Human factors and

age.” In F.I.M. Craik and T.A. Salthouse (Eds.), The Handbook of Aging

and Cognition. New Jersey: Lawrence Erlbaum Associates. 495 – 549.

This extensive review of the human factors of aging goes beyond cognitive

factors to cover perceptual and physical changes and their implications for

design. The cognitive findings are emphasized in this summary.
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1. Sources of principles for design.

Middle Age Old Age Old Age

(45-64 years) (65-74 years) (75+ years)

Response time Some slowing S i g n i f i c a n t Pronounced  

s l o w i n g s l o w i n g

Working memory/ Minor decline in Moderate slowing Learning rate is

a t t e n t i o n learning ability and in learning rate halved from the

ability to divide and ability to 20’s; significant

a t t e n t i o n divide attention declines for dual

task performances

Knowledge base Little change in Some decline in significant declines

fluid intelligence; fluid intelligence; in both fluid and

stability or increase stability or slight c r y s t a l l i z e d

in crystallized decrease in i n t e l l i g e n c e

c r y s t a l l i z e d

Note the distinct subgroups into which older adults are classified. Charness

& Bosman (1990) elsewhere outlined parameters for predicting the

performance of older adults, based on the well-received model of Card,

Moran, and Newell (1983). They acknowledge that the field needs less

biased samples from which to derive these design parameters.

2. Designing for cognitive and sensory loss

Tables 10.2 and 10.3 compile guidelines for optimizing older adults’ visual

and auditory environments. In the auditory table is one guideline that has as

much to do with cognition as audition: “Avoid speaking too fast.” Speaking

faster than normal rates (140 – 200 words per minute) can adversely affect

speech understanding.

Design problems and examples are drawn from two domains:

transportation (especially driving) and work (especially computer use).

Older drivers, and pedestrians, make characteristic errors that reflect age-

related declines in cognition and perception. Slowing in response time and

decreased ability to judge speeds of oncoming vehicles contribute to right-

of-way accidents and unsafe street crossings. (Visual problems such as

decreased visual field, problems changing near/far focus, and difficulty seeing

in low light are also factors.) Older drivers may share with young drivers an

overconfidence in their ability to handle risky situations; this is a failure of

metacognition that middle-age drivers seem not to share (Matthews, 1986).
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One futuristic design option is to create radarlike systems that will give

auditory warnings within cars when drivers approach a road hazard, a

pedestrian, or an intersection. The latter seems like an application of Talking

Signs® (Crandall, Bentzen, & Myers, 1998).

In the realm of computer use, the authors summarize several studies that

contrasted training techniques but showed no interactions with age for

learning software. However, another body of work indicates that older

workers need more time and more assistance to go through whatever training

regimen is chosen. For word-processing studies the time difference is 1.5 to

2.5 times slower, depending on whether or not the learners are trained typists.

Studies that show no age difference in training time either allow very long

training times for everyone, or study adults in a restricted age range (49 – 67

years).

Studies of younger users show that matching the user interface to the user’s

cognitive representation of the task increases performance, particularly gains in

performance with practice. However, the mental models must be tuned to the

given task and individual (Carroll & Reitman Olson, 1988). Since older adults

have less efficient working memory and problem-solving skills for novel tasks,

it seems likely that they would benefit more from the “training wheels”

approach of limiting the application’s overall complexity (Carroll & Carrithers,

1984).

3. Cost-benefit analyses

This section is not specific to cognitive disabilities.

4. Guidelines and recommendations for future research

In terms of method, the authors recommend:

■ Research should not use an extreme groups (young vs. old) design,

but rather incorporate decade samples of adults ranging from 40 to

80 years, or beyond, depending on the characteristics being studied.

■ Samples need to be more representative; studies often rely on

volunteer populations of primarily white, healthy, middle-class,

community-dwelling adults.

■ Laboratory research needs to be extended to real-world tasks. It’s

not enough to extrapolate from classic choice reaction times to

predict empirical results in braking an automobile. Epidemiological

data and task analysis will help identify tasks and environments that

pose special difficulty for older people.
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In terms of content, the authors recommend focusing on three areas:

■ Anthropometry and biomechanical data gathering

■ Safety

■ Cost-benefit analysis.

Chute, Douglas L., Conn, Gretchen, Dispasquale, Madeline C., and

Melanie Hoag.  1988.  “ProsthesisWare: A New Class of Software

Supporting the Activities of Daily Living.”  Neuropsychology. 2: 41-57.

In order to argue for the use of the microcomputer as a tool in

rehabilitation, the authors of this article present ProsthesisWare™: a class of

rehabilitation software that functions as a prosthetic tool.  They point out

that generic programs like HyperCard™ and MacLaboratory Controller™

can be readily modified, that is, customized for each brain injured

individual’s needs.  HyperCard StackWare™ modules and software are

disseminated by software distribution channels, such as Kinko’s Academic

CourseWare Exchange™.  The authors note that insurance companies are

supportive of this strategy of rehabilitation, for they recognize that the

versatility of the computer as a prosthetic tool can substantially lower life-

time benefit costs.  MacLaboratory Controller™, for example, can reduce

the amount of supervision an individual requires.  The authors suggest that

in the past the microcomputer was not implemented as a prosthetic tool

because easy to operate, high resolution, graphically based, large capacity

machines, such as Macintosh and readily customized authoring shell

programs (e.g., HyperCard™) had not yet been developed.  They note that

powerful, professional, and readily customized shell programs and

interfaces (such as, HyperCard™ and MacLaboratory™ for Psychology

Controller, respectively) which require little if any computer programming,

are now available.  

The article states that the standard Macintosh user interface is an important

development for computer use by cognitively disabled individuals.  With the

Macintosh, many cues and functions are available or suitably handled by the

standard interface.  Readily customized, with a rapid turn around time in

development, HyperCard™ permits prosthetic tools which range from (for

instance) speech synthesizers for people with expressive aphasia to

interrelated task lists, calendars, and behavioral sequencers for people with

amnesia.  

The authors point out that some features of the standard Macintosh

interface pose problems for some brain injured individuals.  Because some

of them have difficulty searching and finding, items under a pull down menu

are not only hidden but might as well not be there.  When the command is
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visible, the individual can perform the appropriate action.  Thus, some

individuals need HyperCard™ buttons or customized buttons in commercial

software for  hidden menu commands.  Since some brain injured individuals

have difficulty sequencing tasks and operations, simple Macintosh features

might by virtue of their diversity confuse them (e.g., closing a window using

the close box, a Close command, or an implicit close due to some other

action).  

The case of Cecelia R. is presented.  Cecelia has expressive aphasia, with

communication limited to nods of her head.  HyperCard for the Macintosh

was used to create a succession of full-featured programs which became

known as SpeakEasy, SpeakEasier, and SpeakEasiest.  With each of these

programs, words and phrases can be constructed and “spoken” through the

MacinTalk speech synthesizer system software.  In SpeakEasy (Fig. 2), large

function buttons with appropriate icons were created on separate cards to

enable quick communication (e.g., with one click, Cecelia could say “Please

turn on the TV”).  Buttons which connected the speech prosthesis portion

of SpeakEasy to speaking To Do lists and an Organizer were also provided,

since many brain injured individuals have a difficult time with the

organization of tasks.  On screen Help buttons for all functions were

provided.

Although SpeakEasy might be useful for other people with expressive

aphasia, it was not appropriate for Cecelia because of her memory limits

and limited control of the cursor, as well as the fact that the system was

visually and functionally too complex.  A straightforward design,

SpeakEasier (Fig. 4) enabled Cecelia to construct and speak messages.

SpeakEasier proved ineffective because of control of the cursor that it

required.  SpeakEasiest (Fig. 5), which employed a free floating cursor, did

not require cursor control.  

Cole, Elliot, and Parto Dehdashti. 1998. “Computer-based cognitive

prosthetics: Assistive technology for the treatment of cognitive

disabilities.” Presented at ASSETS ’98: ACM SIGCAPH Conference on

Assistive Technologies. Marina del Rey, CA, April 15-17. Web:

http://sitestak1.pa.comcastwork.com/~brain-rehab/tables/assets.html

The authors summarize a decade of work in the development of highly

customized PC-based cognitive orthotics. The users of the systems had

strokes or other brain injury. Five individual case studies and one group

study are summarized. Patients had plateaued in cognitive performance, so

improvements are attributed to the system.

The authors’ model of cognitive dimensions comes more from
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neuroscience than from psychological factor analysis studies (such as

Carroll, 1993), and they use it for pragmatic design and rehabilitation

reasons.

■ Executive Function. Diverse areas such as problem solving,

planning, self-monitoring, task sequencing, prioritization, and

cognitive flexibility.

■ Memory. Includes short-term, long-term, verbal and visual,

procedural, declarative, and implicit memory.

■ Orientation and Attention. Includes freedom from distractibility,

focused attention, and divided attention. 

■ Visual-Spatial Processing. Includes perception and integration of

visual information in space.

■ Sensory-Motor Processing.

■ Language. Includes expressive and receptive language, repetition,

prosody, speech rate, and fluency.

■ Emotions. Encompasses control of and expression of emotions,

detection and understanding of emotions, and frustration tolerance. 

The original usability goals (which seem to have been frequently met) were

that fewer than 3 half-hour training sessions would be required; individuals

could perform all relevant tasks “in real time”; error recovery would be

achieved; and individuals could move from state to state or module to

module, without confusion.

System design differed greatly from user to user, but available components

included a text processor, a check-writing program, a daily schedule, a paint

program, and a remote control application that enabled the therapist to call

a patient and work with him or her online. In one case a scheduler with a

pager was customized. The user, a physician, would send himself

appointment information and other timed reminders. As in the system

summarized by Bergman and colleagues (abstracted elsewhere in this

report), the modules each had few functions and provided concrete error

messages. Important functions were moved to labeled, unshifted keys.

Hemineglect seems to have been accommodated.

The initial case studies appear to have carried the burden of software

development (months of effort), but later case studies appear to have

reused or adapted the components, since system design and intervention

were much more rapid.
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Some of the design principles and findings in this summary of research:

■ Customization was user-specific and instance-specific. Cognitive

chunks in different parts of the software needed to be different sizes.

■ Care was taken not to overengineer the system. If the user’s goal

(“priority activity”) was simple, so was the system. If the activity

didn’t require structured templates, more freeform list-keeping was

used.

■ Design was highly iterative and users participated as co-designers.

This was particularly useful in resolving fine design details.

■ Cognitive dimensions of profound disability often contained small

pockets of ability. These anomalies were made visible during detailed

software development.

■ Cognitive prostheses provided simple “bridges” that permitted users

to recover major life activities. In one case remediation occurred, and

after two years the user was able to work with off-the-shelf software

(word processor, browser, online service).

Conder, Robert L. 1992.  “Computer technology in brain injury.”  

Brain Injury, 6 (1): 79-80.

This article states that computer use enables many people who have had

brain injuries to address everyday problems.  It notes that advancements in

component development have lowered costs of miniature components,

such as the Sharp Wizard, which increase a brain injured person’s ability to

re-enter the community at large.  In addition, the article indicates that the

Eye Gaze system enables people who have a “locked-in” syndrome to

operate household appliances, as well as to communicate by visual input to

a keyboard.

Cramer, Shirley C., and William Ellis. 1996. Learning Disabilities:

Lifelong Issues.Baltimore: Paul Brookes Publishing. xxvii-xxx.

Learning disabilities (LD) affect about 15% of the US population. The term

covers a variety of disorders in the domains of listening, speaking, basic

reading skills, reading comprehension, and mathematical calculation.

(Raskind & Scott, [undated] summarized elsewhere in this report, would

add written language and “organization” to that list.)

Among the array of LD, deficits in reading skill are the most prevalent. LD
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can occur with and be complicated by problems in attention and social

skills.

Several statistics are given which show the prevalence of LD, the major

functional limitations, and the role of LD in problems such as juvenile

delinquency, adult illiteracy, and unemployment. For example:

■ 52% of all special education students in US public schools have LD.

This is approximately 2.25 million children. (US Department of

Education, 1994.)

■ 75-80% of special education students who have LD have basic

deficits in language and reading (Lyon, 1994).

■ 35% of students identified as having LD drop out of high school

(Wagner, 1991).

■ 30-50% of illiterate adults in Adult Basic Education and literacy

programs may have LD (National Adult Literacy and Learning

Disabilities Center, 1995).  62% of students with LD were

unemployed 1 year after graduating from high school (Wagner, 1992).

Crandall, Bill, Bentzen, B.L., and Linda Myers.  1998.  “Talking Signs

(R) Remote Infrared Audible Signage for Transit Stations, Surface

Transit, Intersections and ATMs.”  Paper presented at 1998 CSUN

Conference, Northridge, CA.

Web: http://www.dinf.org/csun_98/csun98_063.htm 

In this paper, Crandall et al. explain how remote infrared signage works, as

well as why it increases access to the environment for blind people, and

people with cognitive disabilities who do not read text.  

The National Center for Health Statistics estimates that 4.3 million non-

institutionalized people in the U.S. have difficulty reading daily newspapers,

and 2.3 million people have difficulty seeing medium to far distances.  They

point out, furthermore, that another study (Chiang et al., Millbank

Quarterly, 1992) estimates that 1.1 million people are legally blind under

the definition of tested acuity (<20/200).  Data from the Bureau of the

Census, however, puts the figure for this level of disability at 9.7 million

(McNeil, 1993).  In any event, when one considers the large percentage of

people in the U.S. who have some form of cognitive impairment (see, Trace

Research and Development Center, “What Problems Do People with

Disabilities Have? and Why?”), and who do not use printed text, then one

can recognize that the implementation of remote infrared signage would

make the public realm accessible to a significant portion of the American

population.  
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The authors point out that unlike tactile signage, remote infrared signage

does not require that one be at the location of the sign before one can read

the information that it bears.  Thus, remote infrared signage is especially

appropriate for use in open spaces where tactile signs are not.  They

explain that remote infrared signs enable one to directly know what choices

are available to them, but also where in the environment these choices

exist.  With remote infrared signage, a repeating, directionally selective

voice message, which originates at the sign, is transmitted to a hand-held

receiver.  Characteristic of the infrared message beam, the direction

selectivity ensures that people who use the device get constant feedback

about their relative location to their desired destination (or goal) as they

move toward it.

Research with users who have visual disabilities indicates that by using

Talking Signs™, they independently learned many characteristics of transit

stations that they were not taught in the short preceding test trials,

including identifying correct entrances, change and ticket machines, station

agent kiosks, entry gates, escalators, steps and elevators onto the platform,

and a specific platform area.  In addition, remote infrared signage has been

shown to provide wayfinding information for surface transit, and guidance

at intersection-crossings for people with visual impairments.  The authors

do not indicate the results of research (if any exists) on the use of the

system in transit stations, for surface transit, or at pedestrian crossings by

people who have cognitive disabilities.

Cress, Cynthia J. and Greta J. French. 1994. “The relationship between

cognitive load measurements and estimates of computer input control

skills.” Assistive Technology, 6, 54-66.

The authors evaluate several methods of estimating task difficulty for use of

5 computer input devices. They look at two task performance measures –

speed and mastery – plus a variety of cognitive and physical user

characteristics.

Five devices (touchscreen, mouse, keyboard, trackball, and locking

trackball) were learned and used by three groups of people. Participants

were 19 computer-experienced adults (18 – 45.2 years), 39 normally

developing children (2.5 – 5.0 years, mean mental age of 4.4 years), and 15

children with mental retardation (mental age 2.5 – 5.0 years, chronological

age 3.6 – 9.8 years).

Training cues were provided according to a hierarchy of specificity (from

graded manual contact to simple demonstration) and gradually withdrawn

until the participant showed proficiency with the device. Adults mastered all

of the devices with simple demonstration; training for the children was
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conducted in 30-minute sessions over 2-4 weeks. Maintenance tasks

included object movement and object sorting (the latter task had the

additional cognitive load of decision-making).

Mastery. The patterns of results were different in the three groups. Adults

found all the devices equally easy to learn without training. Normally

developing (ND) children varied greatly in device mastery before training

(and had particular problems with the locking trackball) but managed to

master all the devices after relatively brief training sessions. Children with

mental retardation (MR) did not master the devices as easily, even with

training, and had particular difficulty with the trackball and locking trackball.

Those two devices might be mastered with more training, but create a

cognitive load that interferes with use of the computer for other tasks.

Speed. Adults were considerably faster than either of the groups of

children, and MR children were faster than ND. Greater chronological age

and perceptual/motor development may account for these differences. In

particular, MR children were of the same mental age as ND, but were

chronologically older and so better at quick movements. Overall, the

touchscreen tended to be the quickest device, followed by the other

continuous controls, then the cursor keys. These findings are consistent

with explanations based on device characteristics such as positioning time

(Card, English, and Burr, 1978) and spatial compatibility (Haller, Mutschler,

and Voss, 1985), as well as cognitive task analysis (Cress and Tew, 1990).

The touchscreen was significantly slower for MR children, possibly because

they tended to produce a separate touch action for pickup and drag of the

target. This may be due to difficulty learning simultaneous actions.

Mastery and speed provide different information about cognitive load. The

devices that were slowest for successful users (e.g., keyboard) weren’t

necessarily the most difficult to master (trackball).

User characteristics. For adults, only years of computer experience

predicted any variation, and then only for mouse use. Measures collected

for children were chronological age, mental age (Bracken School

Readiness), spatial relations, copying abilities, pattern analysis, gross motor

abilities, and perceptual/motor abilities (Miller Assessment for

Preschoolers). 

The patterns of relationships were different for MR and ND children. For

ND children, chronological age and gross motor ability (which also

increases with age) were most important across devices. Age correlated

with locking trackball accuracy; motor abilities with touchscreen mastery.

For MR children, pattern analysis and gross motor skills were most

important across devices. Pattern analysis correlated with mouse and

keyboard mastery; motor abilities with touchscreen, trackball, and locking
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trackball mastery.

The authors conclude by emphasizing dynamic, not static, skill

measurement, and by warning against predicting “best” interface

performance based on others’ performance – even in the same group. In

particular, the performance of children with mental retardation is not just a

slower, scaled-down version of the performance of adults or of normally

developing children.

Cress, Cynthia J., and Greta J. French. 1992. “A framework for

characterizing AAC device learning for persons with mental

retardation.” RESNA International Conference. 

When clinicians or researchers evaluate someone’s use of an AAC device,

they often base their evaluation on existing skills: speed, accuracy, and

overall success across tasks for that device. But information on static skills is

a poor predictor of the ability to learn a new skill (Budoff, 1974; Vygotsky,

1978). For children with mental retardation, who are more likely to have

difficulty in maintaining and applying new skills, it is important to have an

efficient method for sampling dynamic performance.

The framework has four parts:

■ Knowledge/abilities. These are static samples of behavior with little

or no intervention from the assessor.

■ Learning. The assessor provides unfamiliar or incompletely learned

tasks. Learning can be measured not only by how many trials are

required to reach criterion, but also by the amount of facilitation

provided on each trial.

■ Maintenance. Performance of tasks without help from the assessor.

Test tasks may be interspersed with other, unrelated tasks.

■ Generalization. Testing performance across tasks and settings. It may

be possible to do this without extensive testing. In the current study,

children who were close to the threshold of competence and

independence with a device required few or no specific training cues

directed at generalization. Children further from the threshold were

more likely to require this type of training.

In this exploratory study, 4 children with mental retardation (mental age 2.7

– 4.2 years) each spent a 30-minute session learning and using one device

(mouse, trackball, touchscreen, or keyboard). Trial-by-trial graphs of

performance are illustrated. None of the children could use the devices

after demonstration by the assessor (knowledge phase). They all passed the
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learning phase. During maintenance, child A immediately lost the learned

behaviors; child B could not sustain them regularly. Both children C and D

went on to succeed in generalization; D might be considered more

“educable” because fewer and less specific training cues were required in

the learning phase.

Cress, Cynthia J., French, Greta J., and JoAnn P. Tew.  1991. “Age-

related difference in interface control in normally developing

children.” RESNA 14th Annual Conference, 257-259. 

Previous research has shown that input devices vary in their ease of use by

young children. Children 18-24 months old can use single switches.

Children as young as 2 years can use a touchscreen to select, but not move,

objects. By 4 years old, children have begun to master the click-hold-drag

coordination required for mouse movement. Students as old as 12 years

have more difficulty using single switch scanning than direct lightpen

selection; the former is motorically simpler but has greater cognitive load.

29 nondisabled children (37 – 60 months) used 5 standard methods for

selecting and moving computer interface objects. The methods were: a

single button mouse set at 1:1 movement ratio, a touchscreen, a trackball

with locking button, a trackball with nonlocking button, and the 8 cursor

keys on a numeric keypad.

No statistical significance levels are reported. However, the locking trackball

appeared to fail most consistently, followed by the mouse and keypad. No

age-related increase or decrease in scores is evident for any of the

interfaces. Children under 48 months appeared to have more initial

difficulty with all devices, failing to acquire necessary skills to complete

experimental tasks. This was not due to age-related differences in

movement precision; all children passed an initial motor screening that

mimicked the devices’ movements.

The sources of “failure” for younger and older children varied. Younger

children tended to fail for cognitive load reasons: forgetting the sequence of

device operation, failure to self-correct errors like moving the object

offscreen, interference (trying to use one device like another), or

incomplete grasp of the device method (generalizing wrongly from device

behavior). Older children tended to fail due to task fatigue, decrease in

motivation/attention, or a tendency to play with the object or its

placement.

The relative order of interface proficiency across children is similar to that

reported for adults (Card, English, & Burr, 1986), except that these children

found the touchscreen consistently faster than the mouse. Children across
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all age groups were able to use the devices with equal proficiency, if they

were able to use the devices at all. 

Cress, Cynthia J., and Clifford C. Goltz, 1989. “Cognitive factors

affecting accessibility of computers and electronic devices.” RESNA

12th Annual Conference. 

This article is a compilation of detailed recommendations for improving

computer accessibility for people with cognitive disabilities. The sources are

educational and rehabilitation literature; they are theoretical or clinical

rather than experimental. The authors acknowledge that many of these

guidelines conflict. Many of these will be familiar to readers of more

recently compiled guidelines.

Input / interface control

■ Decrease visual and procedural complexity of control techniques.

Recommended input techniques include: touch window, light pen,

touch pad, programmable membrane keyboard (often with picture

cues), voice activation. Minimize need for visual tracking of target

items.

■ Reduce number of different choices to perceive/select. Avoid

requiring users to press more than two keys at one time. Present

choices in prompts (voice or graphic) and menus rather than typed

commands or memorized sequences.

■ Minimize conceptual complexity of control techniques (e.g.,

memory). For single switch use, stepping is simpler than scanning.

Mouse use may be difficult for persons with poor spatial motor skills.

Use representative codes whenever possible (Y/N) rather than

arbitrary (1/0).

■ Present choices in similar methods across different tasks. Provide

global task-related command structures that are consistent across

applications rather than multi-step commands (e.g., the same

command sequence to cancel or revise a chosen activity).

■ Avoid switching context or operating modes without obvious cues.

Provide consistent feedback about system status and how to change

to a different status, particularly how to exit system.

■ Limit the possible number of results associated with a given action

(such as pressing a particular switch). One key access is best for
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menus, directions, help, exit, or re-entry, if keycodes are distinct.

Single switch activation is simplest if performing consistently the same

action (such as signaling Y/N) rather than multiple actions

(starting/stopping action, selecting from menus).

Presentation format

■ Reduce visual and auditory complexity of the output display.

Concentrate on one idea per display. Use blank space to focus

attention. Monochrome displays are usually easier to read than color.

(This contradicts recommendations, such as those by Bergman and

colleagues, to use color coding. It may also have to do with the

quality of color displays at the time this article was written.)

■ Provide voice output for instructions and task feedback to reduce

reliance on reading to understand and complete task. Any

information presented by voice should be easily retrievable for

review.

■ Minimize use of transitory signals. Beeps and noises should be

primarily for attention or reinforcement. Program should allow

turning off auditory signals.

■ Highlight important information on the display, and group information

in meaningful ways. Displays should highlight only abnormal

conditions, new information, or essential concepts. Possible methods

include animation, contrast, color cueing, directive arrows, boxes,

flashing lights, large print.

■ Provide direct task-related feedback to the user. Evidence suggests

that system responses are best only for indicating errors in learning

tasks, not for providing both positive and negative performance

feedback. Avoid use of printed feedback for nonreaders.

■ Utilize task-related motivation features as much as possible in

addition to stimulus/response reinforcement (usually pictures or

graphics). Use game features, competition, fantasy, intermediate

goals, humor, or novelty to vary task and maintain interest.

■ Limit the number of activities occurring simultaneously. Upper

memory limit for nondisabled persons is approximately seven

conceptual units.

■ Match the means of concept representation to user skills (words,

pictures, symbols, voice, audio, animation). Allow flexibility in display

creation and manipulation to account for individual differences in

abilities and learning styles.
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Informational content and prompting

■ Match the vocabulary and grammar level used in speech or writing to

the user’s linguistic and cognitive abilities. Maintain a consistent

difficulty level across system instructions, voice output, and user

manuals.

■ Minimize the number and complexity of concepts represented at one

time. Provide repetition or sequential presentation of difficult

concepts rather than multi-concept displays.

■ Allow flexible time limits for task completion. Prompt user on

possible actions or problem solutions when excessive delays occur.

■ Simplify sequences of activities necessary in controlling task.

Command menus should be organized hierarchically, such that

infrequent or one-time tasks (such as volume or speed changes) are

activated separately from main program tasks. Increase automatic or

default system control of nonessential details.

■ Include on-line memory aids and help screens. Feedback should

suggest appropriate procedures and indicate possible sequences of

action. System should prompt the user if error patterns are

persistent, by breaking down the task into smaller conceptual units.

Present only memory aids relevant to the immediate task on screen,

with a standard access point for further information not currently

displayed.

Cress, Cynthia J., and JoAnn P. Tew. 1990. “Cognitive skills associated

with the operation of various computer interfaces.” RESNA 13th

Annual Conference, 251 – 252.

Porter, Lahm, Behrmann, and Collins (1986) state that cognitive

requirements for general computer use include:

■ Understanding that one’s actions have effects

■ Ability to communicate intentionally

■ Awareness of options and the ability to make decisions about them

■ Ability to define goals and plan action sequences

■ Concept of past events and ability to plan future events.

Cress and Tew use this framework to hypothesize the cognitive skills

required for several input devices, in an attempt to identify factors
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contributing to cognitive load. (For example, why are touchscreens found

to be easier to use? [Chapman, Dollaghan, Kenworthy & Miller, 1983])

Cress and Tew do not go beyond listing cognitive skills to evaluate the

relative merits of the input devices.

The devices analyzed are: touchscreen, mouse, joystick, trackball,

touchpad/keyboard with repeating function, and touchpad/keyboard

without repeating function.

Below is a sample entry, for the mouse:

Standard use of a mouse in moving a displayed object entails a 3-step

process: clicking to pick up the cursor, dragging it to the intended location,

and releasing the button to signal completion. Necessary cognitive skills

include:

■ Comprehension of mouse motion in one plane producing cursor

movement in another plane.

■ Ability to divide attention between operation of device and effective

monitoring of cursor movement.

■ Ability to determine the amount of mouse movement needed for the

desired amount of cursor movement.

■ Ability to plan and simultaneously execute two actions (e.g.,

maintaining button click and dragging the mouse).

Day, Sheryl L., and Barbara J. Edwards.  1996.  “Assistive Technology

for Postsecondary Students with Learning Disabilities.” Journal of

Learning Disabilities29 (5): 486-492.

The number of students with learning disabilities who enrol and graduate

from postsecondary institutions is steadily increasing (Adelman & Vogel,

1992; Fairweather & Shaver, 1991; Henderson, 1992).  Educational service

providers (among others) recognize the impact assistive technology can

have on the ability of students with disabilities to successfully complete their

postsecondary education.  This article describes types of assistive

technologies designed for postsecondary students with disabilities, discusses

ways in which assistive technologies can enhance learning, and provides an

overview of legislation that affects access to these, and issues that surround

use of them at that level.

The authors state that postsecondary students with disabilities have

problems with reading, organization, memory, listening, math, and written

language.  The technologies designed to accommodate these are: word

processors with spell checking, proof-reading, abbreviation expanders, and
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outlining software programs, variable speech-control tape recorders, optical

character recognition systems (reading machines), listening aids, which use a

microphone and headset designed for students with auditory deficits,

speech-synthesis/screen-review systems (voice output systems that read

back text displayed on the computer screen), speech-recognition systems,

which enable users to operate computers by speaking in to them, data

managers for students with organization and memory disabilities, and

talking calculators.  The authors note that most reports of postsecondary

students with learning disabilities and assistive technologies have examined

written language disabilities (e.g., Collins, 1990; Cutler, 1990; Primus, 1990;

Raskind, 1994).  According to Day and Edwards, estimated percentages of

the number of learning disabled adults who have written language

disabilities range from 80-90% (Blalock, 1981).

DeVendra, Dennis P.  1998.  “Features and Benefits for the Interface of

the Next Generation Digital Talking Book.”  Paper presented at 1998

CSUN conference, Northridge, CA. 

Web: http://www.dinf.org/csun_98/csun98_115.htm

Overview:

The Digital Talking Book (DTB) consists of several components to provide

the capability to deliver a book in many formats with many navigation

capabilities.  The objective is to provide a book reader using DTB with the

same navigation capabilities as a sighted reader would have with a print

book while maintaining a high quality recorded audio experience.  The

Digital Audio Information System (DAISY) Consortium consists of a group

of libraries from around the world that serve print disabled people.  This

consortium is creating standards for DTB.  Digital Talking Books will need

to be part of current international open standards for creating text and

audio recording files in order to prevent obsolescence.

Currently, there are two methods for reading a book for someone who has

a print disability:

1. Analog tape 

2. Computer readable electronic text file.

Analog: The  advantage of analog tape is quality of the recording; in

addition, playback devices are light and very portable.  The limitation,

however, is the inability to navigate to a specific point in the book quickly

and efficiently.  Using tones placed on the tape, a reader must count the

tones while fast-forwarding or reversing a tape. 
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Computer readable electronic text file: The advantage of computer

readable text files is that  a reader has many navigation capabilities  — from

chapter to chapter, page to page, or searching within a book to begin

reading at a specific point.  At any point words can be spelled for

clarification or understanding.  The disadvantages are:  use of electronic

books requires a computer and screen reading system;  the synthesized

voice used can be difficult to understand and often tiring over a long period

of time;  the required computer equipment is rarely portable.

The Digital Talking Book will combine the benefits of the two current

methods.  DTB will provide navigational capabilities similar to the electronic

file.  The text, if provided, can be read or spelled with synthesized voice or

a refreshable Braille device.  Having text displayed may provide those with

learning disabilities the capability to follow along with the recorded voice.

The audio recording will be in a human voice providing maximum

comprehension and a reduction in fatigue.

Creation considerations: Files used to make the DTB, must be within a

larger international standard.  (Example - WAV sound file.)

1. Sound recording file - used in CD-ROMs, The objective is to create a

master archive consisting of a good quality sound recording, which

can be used or converted to other formats for playback purposes.  A

WAV sound file is usually too large to transmit over the Internet or

put on a single CD-ROM. There are sound compression formats -

proved speed-up and slow-down capabilities.

2. Text File - same objective as the sound file — to choose a non-

proprietary form.  The text file must allow for proper book

presentation along with navigation capabilities.  Users of an audio-

only playback device can also experience these navigation capabilities.

Hypertext Markup Language (HTML) are currently used on the

Internet.  The World Wide Web Consortium has created a

recognized HTML standard for browses and editors to use.  There

are other files, which have been considered, but HTML version 4.0

has the most support within the DAISY Consortium.

3. Coordinate the events of the book playback - This component will

identify what is to happen and the order in which it will happen.

Recently the World Wide Web Consortium has been creating a new

file format know as the synchronized multi-media integration

language (SMIL), pronounced smile.  This file is similar to an HTML

file in the way it is written with the original purpose to synchronize a

video presentation with its associated audio track.  The

synchronization of text and audio means that as the audio track is

being played, the text can scroll along.  If desired, the corresponding
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word, sentence, or other sections in the text, which are displayed

can be highlighted.

Types of Outputs:

1. Analog tape

2. Text with recorded digital audio using some kind of display program.

This content could be put on a CD-ROM or an Internet server for

distribution.  There are three typical configurations of the text

combined with audio.

■ Hybrid book - all text will full-recorded digital audio. This would

probably be the most desirable form of a DTB, but the most difficult

to produce.

■ A book with all recorded audio and very little text.  The text would

still be in HTML but used to identify a table of contents, pages and

other structural book elements for navigation.

■ All text and a little audio.  The best example of this would be a

dictionary full of text and audio recording for each world

pronunciation.

Tools for playing the DTB:

■ Current tape players - if analog tape is used.

■ Hand-held devices to play the audio of the DTB. - no screen reader

or visual display — only audio will be heard.  (Eliminating benefits to

people with LD)

■ Computer - CD-ROM - the text will be displayed on a video monitor

using an Internet browser.

■ Internet or Intranet - the three components of the DTB could be

placed on a server to be delivered to anyone who has access.

Navigation Features and Benefits: The Digital Talking Book can vary in

many ways depending on the production of the DTB and the players.

■ In using HTML, if the DTB creator defines structural elements in the

book, then the playback device will have the elements to use for

moving through the book.  To be DAISY compliant, a content creator

must use the tags defined, but this does not mean all book elements

must be identified.
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■ SMIL files determine what is displayed or played and in what order.  If

a person has a learning disability, the SMIL file could be directed to

ignore all figure descriptions.  The HTML file determines structure,

the SMIL file determines what is played or displayed, and when.

■ Quality and functionality of the recorded audio depends on the

original sound quality and compression used.

Dillon, Andrew, and Charles Watson. 1996. “User analysis in HCI – The

historical lessons from individual differences research.” International

Journal of Human-Computer Studies, 45, 619-637.

Dillon and Watson propose the relevance of studies of individual difference

for research and practical application in human-computer interaction (HCI).

They see this as a corrective to the tendency of HCI researchers and

practitioners to rely on generic categorizations of users (task experience,

education). Due to pragmatic issues in product development HCI

practitioners often gloss over individual differences and use small sample

sizes (see Nielsen, 1993).

The 100-year history of individual differences in the field of psychology is

summarized, citing both the staying power of focal constructs (e.g.,

Thurstone’s seven aptitudes) and increasing rigor in factor analysis methods.

Carroll’s eight abilities (1993) are touted as the current standard for

cognitive ability constructs. However, Dillon and Watson believe that, to

benefit HCI, these abilities need to be understood in light of a dynamic,

detailed, information-processing perspective. What is the task the user is

doing? At what points in the task do factors such as working memory

capacity or perceptual speed come into play? What changes in the interface

would such an analysis suggest? How do those changes correlate with

individual differences and individual performance?

In fact, cognitive ability constructs have accounted for variance in computer

users’ task performance and have guided redesign of user interfaces that

raise the performance of those individuals who initially perform more

poorly (see Allen, 1994, Sein, Olfman, Bostrom, & Davis, 1993, and Egan,

1988 for examples).

Dillon and Watson suggest that a greater attention to applied theory,

“linking specific physical, perceptual, and cognitive abilities to specific tasks

analysed in ergonomic terms,” may reduce the need for extensive user

testing of interfaces.
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Doe, Tanis & John Whyte. 1995.  “Participatory Action Research.” 

Participatory Action Research (PAR) means that people who play key roles

in and have relevant information about the social system under study, and

participate in the design and implementation of the research.  PAR seeks to

link the research process to the process of social change and recognizes the

change process as a researchable topic.  PAR is not only doing research to

define the problem, but to find solutions to identified problems.  In PAR,

people with disabilities and trained researchers participate in the research

process — but without the traditional division of labor between researcher

and subject.  Both types of participants have knowledge to be interchanged

in the process.

The more participatory research becomes, with the support of professional

researchers, the closer research will come to serving the needs of people

with disabilities as they define them.

PAR is most useful when knowledge relevant to research problems is

distributed relatively widely.  It is also most useful when there is a goal to

alter a social or socio-technical system.  Finally, PAR is most appropriate

when there are participants who are interested in the problem and who

will benefit from being included as part of the team.

Participants in PAR should be “experts” on the topic at hand.  But

participants should be involved not merely because of their status as people

with disabilities but because of their life experiences.

PAR is not a method; it is an approach to a method.  PAR is not the only

form of participation in research that is available to individuals with

disabilities — even where PAR is less appropriate, participation in the

political process, in agency strategic planning, in peer review, etc., can all

increase the accountability of the nation’s research agenda to people with

disabilities.

Echt, K.W., Morrell, R.W., & D.C. Park. 1998. “Effects of age and

training formats on basic computer skill acquisition in older adults.”

Educational Gerontology, 24, 3-25.

The article begins with a review of the literature on aging, cognition, and

computer skill acquisition. Perceptual speed, the speed at which mental

operations are performed, is considered to be fundamental to

understanding age-related differences (Salthouse, 1985). Working memory

capacity is especially taxed when task complexity increases; Baddeley

(1986) distinguishes a “central executive” portion from two subsystems,

109



verbal and spatial. This implies that verbal working memory may affect

learners’ ability to integrate information; spatial working memory may affect

performance when instructions are presented in illustrations or animations.

However, perceptual speed may contribute to age-related differences in

working memory (Salthouse & Babcock, 1991). Finally, it is hypothesized

that the global cognitive construct of text comprehension may better

predict acquisition of more complex computer skills in older adults when

the task is very complex, whereas perceptual speed and working memory

may be the key factors when cognitive demands are low.

The goals of this study were: (1) to compare the performance of old-old

(75-89 years) adults with that of young-old (60-74) adults; (2) to explore

the effects of age-related declines in various cognitive abilities; (3) to

examine the effects of animated CD-ROM based training vs. an illustrated

manual, testing the hypothesis that animations help demonstrate

procedures and reduce the number of inferences that learners must make.

46 young-old and 46 old-old adults participated. None of them had

experience with Macintosh computers or Windows software. Self-paced

training materials, organized into 6 instructional units, covered basic

computer operation, file management, and desktop manipulation. The CD-

ROM training differed primarily from the paper manual in terms of

animation. The paper manual gave illustrated step-by-step instructions. The

paper manual was also designed to be accessible. Extraneous information

was eliminated; instructions were concise and jargon-free; 24-pt. Helvetica

was used as the typeface; key terms and concepts were bolded; and color

in less visible blue-green wavelengths was avoided. 

Two assessments were done, one at the time of training and one a week

later. Participants’ overall performance was worse at the delayed

assessment, but there were no interactions with age, cognitive abilities or

other experimental manipulations.

Young-old participants consistently outperformed the old-old ones. They

answered more factual questions correctly, made fewer errors in

performing practice tasks, required fewer interventions from the

experimenter, had better motor control of the mouse, and took less

training time. 

There were no main or interaction effects of training method. This result

was unexpected but might be due to the careful design of the paper

manual.

Measures of cognitive ability were taken: spatial working memory (size

judgment task), verbal working memory (sentence span), perceptual speed

(letter comparison), and text comprehension (reading test). Regression

analyses were performed for these 4 measures, plus age, across both
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training types and two error types (performance and  interventions).

For the CD-ROM training, the key correlate of success was working

memory (WM): spatial WM for performance, verbal WM for interventions.

For the manual training, perceptual speed was the best predictor of

performance success. (Age was the only predictor of interventions for

manual training.) The more “global” measure of text comprehension was

not as good a predictor as these more specific cognitive abilities. The

hypothesis that spatial WM would be a consistent predictor (Kelley &

Charness, 1994) was not fully supported.

Egan, Dennis E. 1988. “Individual differences in human-computer

interaction.” In M. Helander (Ed.), Handbook of Human-Computer

Interaction. Elsevier Science Publishers, 543-568.

Egan argues that the recognition of individual differences factors can guide

user interface design, resulting in the elimination of age, aptitude, and

experience disadvantages for computer users. As motivation for

investigating the area of individual differences, Egan cites performance

differences between most and least effective performers as dramatically

exceeding the performance differences seen in other work tasks. The ratio

between slowest and fastest task times can be 20:1; interquartile ratios still

show a 2:1 to 4:1 span. Specific instances of performance disadvantage in

word processing, information search, and programming are described. 

Usually, the source of the differences is time in making and recovering from

errors. In programming, mental representation of the problem and the

system also makes a significant difference.

Experience, technical aptitude, spatial aptitude, reasoning aptitude, verbal

aptitude, domain specific knowledge and age are discussed as factors

predicting performance. Specific association between aging and difficulty

with command syntax is discussed (pg. 556)

Egan acknowledges that many of these factors are highly correlated (e.g.,

aptitude and experience) making it difficult to determine which factors

account for the performance differences. Ameliorating the disadvantages

associated with individual differences can be more focused on the user

interface or more focused on user training. Robust Interfaces, User

Prototypes, Adaptive Trainer Systems, and Automated Mastery Learning are

four approaches ranging from user interface focused to training focused

respectively.

Interface robustness is addressed by determining user differences that

predict task performance, isolating a narrow part of the task that is affected
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by the characteristic, and redesigning to accommodate the difference. Egan

calls this method “assay, isolate, accommodate.” Ideally, researchers would

be able to be very specific about both user characteristics and interface

redesign. For user characteristics, one looks at measures of cognitive

abilities and theories of cognition. For interface redesign, one looks at

specific subtasks, interface elements, or interaction styles. Interfaces that

are used casually, with little training, by large numbers of users need robust

interfaces.

User prototypes result from classification schemes that group users in

ways that predict their performance. The identification of user prototypes

for a single system would allow tailoring of the system to meet the needs of

each prototype. The classification scheme should have only a few

categories, such as language types or task experience levels.

Adaptive trainer systems have been developed to support novice

performance by prohibiting certain errors, diagnosing other errors, and

prompting effective responses. At first, they may provide only a subset of

the full functionality of the system (“training wheels”). To design these

systems, it is crucial to know how errors cluster, what causes them, and

what will promote transfer from the trainer system to the full system.

Trainer systems are appropriate to settings in which users need to learn a

moderate amount to become productive.

Automated mastery learning consists of customized intense training that

has been effective in skill acquisition but no evidence is provided on the

specific application to relieving the effects of individual differences. This

technique is most appropriate where the user must master a great deal of

material to a high level of proficiency (e.g., programming).

Egan concludes by emphasizing two goals for designers attempting to

accommodate user differences: 1) aiding the users experiencing the

greatest difficulty, and 2) enabling users to exploit their existing domain

knowledge.

Egan, Dennis E., & Louis M. Gomez.  1985.  “Assaying, isolating and

accommodating individual differences in learning a complex skill.” In

R. Dillon (Ed.), Individual Differences in Cognition, Volume 2.  New York:

Academic Press, 173-217.

In four experiments, Egan and Gomez go deep into character-based text

editing. They demonstrate the nuances of assessing individual differences,

arriving at a sufficiently detailed task analysis to see where those differences

matter, and comparing two interfaces at critical steps in the task. 
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Participants were adult women 28 – 62 years old with little or no computer

experience. They typically had average scores beyond the 15th grade in

reading and approximately one standard deviation above the mean for

standard aptitude tests (Ekstrom et al., 1976).

In the first experiment, the majority of characteristics assessed (typing

speed, verbal aptitude, previous experience, attitudes toward computers)

did not correlate with performance. Time spent in reading was predicted

by a reading test (Nelson-Denny); task time and errors made interacting

with the computer were predicted by spatial memory (Building Memory

Test) and age.

Experiment 2 looked at correlations with other background variables that

might explain the effect of age (e.g., years of education) or covary with

spatial memory (associative memory, logical reasoning). But again, only age

and spatial memory mattered. Errors were categorized. Spatial memory

scores were associated with errors in which people failed to produce the

correct sequence of characters and symbols for a command. Age predicted

omission errors. Both measures predicted multiple errors in which a

command was wrong on two or more grounds.

Experiment 3 was a study in isolating task components. Copyediting was

broken into three components: finding (the location in the document to

change), counting (getting the line number), and generating (the command

string). Participants from Experiments 1 and 2 performed paper and pencil

tasks corresponding to one or more of these components, and their

performance was correlated with their previous text-editing performance.

These three components captured text-editing performance well; finding +

generating together also correlated well with actual text editing; and

generating was the most significant single component. Age correlated with

difficulty in the generating task, suggesting that older people’s problems

with this text editor had to do with creating complicated commands. Spatial

memory correlated with both finding and generating. Moreover,

performance on a new task – rewriting – showed the same patterns since it

had the same components.

Experiment 4 compared this line editor with a display editor. Task analysis

suggested that the difference between the two went beyond the presence

of a 2-D document, which might correlate with visualization ability. The

command syntax was simpler (function keys, typing in the document), so

age differences should be minimized. The relationship to spatial memory

ability was less clear a priori; positioning the cursor may make finding

harder, but generating should be easier.

As expected, age was less predictive of performance for the display editor,

but spatial memory was correlated with performance to  about the same
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extent for both editors. Neither visualization (Dimensional Space Test) nor

reasoning (Diagramming Relations Test) explained spatial memory results.

Reading affected all performance measures and reasoning correlated with

time to correct errors. Based on the pattern of results, the finding and

generating components are analyzed more finely. Specific designs that could

further improve performance of each of these components are discussed.

For example, finding might be easier with highlighting of corrections, or by

having the computer do context searches. (Both of these are now

commonplace in editors.)

Electronic Industry Foundation 1996.  “Resource Guide for Accessible

Design of Consumer Electronics.” Web: www.eia.org/eif/toc.htm

This document is the result of an industry initiative by the Electronic

Industries Association’s Consumer Electronics Manufacturing Association

(EIA/CEMA) and the Electronic Industries Foundation (EIF) to provide

consumer electronics manufacturers with the engineering tools they need

to significantly enhance the usability of their products. It is intended to

provide guidelines to designers of consumerelectronics to facilitate the

design of products that are accessible to a wider range of individuals,

including individuals with disabilities. These guidelines are much more

specific than those found in the TAAC report (Telecommunications Access

Advisory Committee, 1997).

Electronic and Information Technology Access Advisory Committee.

1999. “EITAAC Report, May 13, 1999.” (Report to the Architectural

and Transportation Barriers Compliance Board [Access Board]). Web:

http://trace.wisc.edu/docs/eitaac/.

This report proposes a set of recommended standards for Federal

procurement officers and commercial suppliers of electronic and

information technology and services (E&IT) that will result in access to and

use of the technology and information by individuals with disabilities. The

report represents minimally acceptable standards. Because of rapid

technical innovation, the standards are expressed in terms of human needs

and capabilities first. (This approach, and many of these standards, are

inspired by the Telecommunication Access Advisory Committee’s guidelines

[1997, abstracted elsewhere in this report]). But because of the need for

concrete design guidance, standards are also included that explicitly address

alternative technical approaches.

Important here is that accessibility is measured for each individual in their
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interaction with specific E&IT. The goal is for a person with a disability to

“perform the same tasks, access the same information, with the same

approximate ease and in the same approximate time and at the same cost”

as someone without a disability (§4.3.1). This implies that designers should

especially pursue solutions that help to close the gap in task performance

between those with (cognitive) disabilities and those without.

Sections 5.2.1.9 and 5.2.1.10 state that the E&IT should be “usable with

limited cognitive or memory abilities” and “usable with language or learning

disabilities,” but provide little specific guidance. A brief section later in the

document gives general background on designing for people with LD:

multiple modes of information presentation, text enlargement, and ready

access to human technical support.

Other standards in §5.2 are relevant for people with LD or other cognitive

disabilities, for example 5.2.1.1. (usable without vision; implies voice

output), 5.2.1.7 (usable without time-dependent controls or displays), and

5.2.1.8 (usable without speech).

The technology specific standards in §5.3 include implementation details

that (for example) expose application and system functions to accessibility

aids. These are, of course, useful to people with LD using screen readers

and for others with cognitive impairments who rely on alternative

keyboards or input devices. There is also discussion of colors, fonts, and

high contrast mode, but no recommendations specifically address cognitive

disabilities (vs. low vision requirements).

Epilepsy Foundation.  Examples of Job Accommodations for People

with Epilepsy. Web:  http://www.efa.org

With respect to telecommunications-related accommodation, this article

points out that since strobe-type flashing lights trigger seizure activity in

some people with epilepsy, telephones that ring instead of flash should be

used.  

Glisky, Elizabeth. 1992. “Acquisition and transfer of declarative and

procedural knowledge by memory-impaired patients: A computer

data-entry task.”  Neuropsychologia, 30 (10), 899-910.

Neurological insults often result in selective, rather than global, memory

deficits. Amnesic patients can acquire a variety of motor, cognitive, and

perceptual skills in a nearly normal fashion but not remember the learning

episodes. They also exhibit normal repetition priming: they show the effects
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of recent experiences with words, pictures, and other stimuli without

remembering the prior experience. One hypothesis is that amnesia involves

a problem with declarative knowledge (facts, specific information) but not

procedural (sequences, routines). Amnesic patients may be using

procedural means to learn declarative information; this might explain

inefficient learning and context-dependency (“hyperspecificity”) of what is

learned.

In a pilot project, Glisky and Schachter (1987) trained one amnesic patient

for a data entry job. They used the method of vanishing cues to train

declarative (factual) knowledge and provide hints during the tests of

procedural (data entry routines) knowledge. The job was closely simulated

in the laboratory. It transferred well to the workplace, but one should note

that only the data changed, not the procedures or the document format.

This study has more participants – including a control group – and looks in

greater detail at hyperspecificity.

Ten people with memory disorders, varying in severity and etiology, and 5

non-disabled people participated. The controls did not differ from the

patients in age or IQ (Wechsler Adult Intelligence Scale, or WAIS-R), but

were significantly better on memory tests (Wechsler Memory Scale–

Revised). The transfer tasks, 4 weeks after training, occurred in the

laboratory rather than at a job site; both involved minor changes in

materials like missing headings or reordered fields.

Patients varied greatly in their performance; two or three of them

approached the performance of the control group. Overall, patients

acquired declarative knowledge much more slowly (84.6 vs. 19 trials). In

the procedural (skill acquisition) section, patients performed the data entry

task much more slowly than controls did, and their errors persisted for

more trials. However, improvement continued at the same rate for both

groups; speed increased by 50% during part 1 and 15% during part 2.

Patients also adapted to the transfer task at the same rate as controls.

Declarative knowledge can be acquired by patients with frontal lobe deficits

or substantial intellectual impairments. The rate of  acquisition is slower

than normal, but the knowledge is available and does facilitate later task

performance. Participants cannot state the knowledge when asked, but they

can demonstrate it, implicitly. It may also be important that the knowledge

is overlearned, or at least well-learned. Finally, this knowledge was shown

to generalize (transfer) to several tasks with minor differences; it is less

hyperspecific than previous studies would have suggested.
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Glisky, Elizabeth L., Schacter, D.L. & Endel Tulving. 1986. “Computer

learning by memory-impaired patients: Acquisition and retention of

complex knowledge.” Neuropsychologia, 14 (3), 313-328.

Like Glisky (1992), (summarized above), this study looks at the acquisition

of declarative and procedural knowledge by patients with memory

impairments vs. controls. Eight people participated, with 4 in each group.

The two groups were roughly matched on age and verbal IQ; patients were

particularly impaired on delayed tests of logical memory and visual

reproduction (WMS).

The more ambitious set of tasks in this earlier study included file and screen

manipulations plus computer program writing and editing. This material was

covered in three self-paced lessons. The system acted like an adaptive

trainer (Egan, 1988), evaluating participants’ responses, providing vanishing

cues for command names, and occasionally offering more direct prompts

(Save what? or Did you forget the quotation marks?). Patients enjoyed this

learning process.

Patients started out with the same knowledge as controls.  They eventually

made few errors and retained information over one or more months.

However, they took much longer to reach criterion. They did less within-

session learning and more between-session forgetting. They also had

difficulty answering general or open-ended questions about what they had

learned, or questions in which the wording differed from that in training.

Finally, patients’ performance was severely disrupted by a transfer task in

which they were asked to take knowledge about how to perform

mathematical operations on a computer and embed it in a program. They

required an hour of prompting to create a four-line program, whereas

controls typically wrote the same program in 5 minutes.

Compared to Glisky (1992), this study made more demands on memory-

impaired participants. The order of the procedures was more varied;

participants were asked to state rather than to merely demonstrate their

acquired knowledge; and the transfer task differed more from the training

tasks.

Goldberg, Larry.  1996.  “Access for People with Disabilities.”  Position

paper given in August 1996 at workshop organized by the Computer

Science and Telecommunications Board (CSTB) of the National

Research Council.

In this article, Goldberg suggests that video description might be useful for

students and adults with learning disabilities, especially attention deficit
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disorder.  In addition, Goldberg  notes that video description might have an

impact on information retrieval where masses of data and information could

be reduced through descriptive guides.

Hammill, Donald, Leigh, James, McNutt, Gaye, and Stephen Larsen.

1987.  “A new definition of learning disabilities.” Journal of Learning

Disabilities, 20 (2), 109-113.

“Learning disabilities is a generic term that refers to a heterogeneous

group of disorders manifested by significant difficulties in the acquisition

and use of listening, speaking, reading, writing, reasoning, or

mathematical abilities. These disorders are intrinsic to the individual and

presumed to be due to central nervous system dysfunction . Even

though a learning disability may occur concomitantly with other

handicapping conditions (e.g., sensory impairment, mental retardation,

social and emotional disturbance) or environmental influences (e.g., cultural

differences, insufficient/inappropriate instruction, psychogenic factors) it is

not the direct result of those conditions or influences.”

This definition came from the National Joint Committee for Learning

Disabilities in 1981. Emphasis has been added to the additional wording to

indicate those aspects of the definition that are of most interest to

designers learning about people with learning disabilities. In particular,

“learning disability” covers a number of impairments. These impairments

cannot be eliminated by training, are not necessarily related to intelligence,

and are definitely not the same as mental retardation or brain injury.

Hammill et al. discuss the history of this definition and some of the

misconceptions which the specific wording of this version should

counteract.

Haugen, K.  1996.  “Accessible E-Mail: Motivating Literacy.”  Berkeley,

CA: Center for Accessible Technology.

This 2-page flyer describes E-Mail Writer, a personal dictionary made with

CoWriter word prediction software to be used when one composes e-mail.

E-Mail Writer contains words, sentences, & sentence starters that one

accesses by typing the first letter(s) of the desired phrase.  Words or

phrases can be added to the dictionary directly from the keyboard.
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Haugen, K.  1997.  “Internet On-Ramps for Kids ... Point the Way with

an Overlay.”  Berkeley, CA: Center for Accessible Technology.

This one-page flyer introduces overlays for Netscape™ which use

IntelliKeys™, OverlayMaker™, and ClickIt!™  These overlays provide an

audible way to access Netscape™ buttons, menus and favourite Internet

sites, which would accommodate children who have learning disabilities.

They enable children to control a mouse, cut & paste text and pictures into

a word processor and/or scrapbook, as well as hear the first lines of a web

page spoken aloud.

Hendrix, Paul, and Michael Birkmire. 1998.  “Adapting web browsers

for accessibility.”  Paper presented at 1998 CSUN Conference,

Northridge, CA. Web: http://www.dinf.org/csun_98/csun98_113.htm 

Hendrix and Birkmire describe a number of ways to make the Internet

accessible to people with a range of disabilities.  These comprise three

categories: input (including, mouse access, keyboard access and switch

access), processing aids, and output.  Some of these can be used to

accommodate people with cognitive disabilities, such as learning disabilities

and brain injuries.

With respect to input, for example, Hendrix and Birkmire write that

customizable onscreen keyboards can enable users to type words or multi-

letter commands by activating a single “key”.  In this way, users can create

custom keyboard layouts designed specifically for the control of Web

browsers.  This technology would provide access to the Internet to those

who have writing disabilities; moreover, it might be useful to people who

have aphasia or another language disability.

The processing aids that the authors identify fall into three categories: word

prediction/abbreviation expansion programs, spell checkers, and text-to-

speech software.  They explain that the former work with Web browsers in

the same way that they do with other software.  These programs, which

accommodate a variety of learning disabilities, are especially useful for those

who have labor intensive methods of inputting, and are essential for e-mail

and on-line chat rooms, where large amounts of text must be entered.

Although this is true of spell checkers also, the text that must be entered

while one actually browses the Web is limited to one or two search terms.

Text-to-speech programs (in which highlighted text is spoken) can enable

access to text on Web pages to people with learning disabilities.  When

words on a page are presented as graphics (rather than actual text),

however, neither text-to-speech programs, nor screen readers can read
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them.  Two specialized browsers can provide access to the Web for those

who use text-to-speech programs.  PwWebSpeak displays text from a Web

page in a de-columnized form and reads it aloud.  Although PwWebSpeak™

does not display graphics of a page, it simultaneously highlights text.

Ultimate Reader™, which can be configured in the same way as a browser,

accesses Web pages, reformats to display their text component simply,

reads text aloud, and highlights as it goes.

With respect to output, the authors note that most Web browsers allow

one to use screen magnification features, which usually incorporate color

control also.  Screen magnification features accommodate those with

reading disabilities.  The authors point out, however, that since screen

magnification programs display only part of an enlarge image on the screen

at a time, they can be difficult to use (e.g., users can lose their place).  In

addition, they note that access to the Web with a screen reader is in a

sense circular.  First, the original HTML document is in text form; next, the

Web browser reads this text and converts it into a graphical representation

of the Web page; finally, the screen reader aurally translates the

representation.  Hendrix and Birkmire note that PwWebSpeak™ aurally

interprets the HTML code directly.

Hubble Dahlquist, Lori.  1998.  “Classroom Amplification: Not Just for

the Hearing Impaired Anymore.”  Paper presented at 1998 CSUN

Conference, Northridge, CA.

Web: http://www.dinf.org/csun_98/csun98_124.htm

Hubble-Dahlquist presents the argument that classroom amplification is

important for students with central auditory processing difficulties (a type of

learning disability) as well as students with hearing impairments.  Moreover,

results from project MARRS (Mainstream Amplification Resource Room

Study) indicated that students in classrooms with soundfield equalization

showed significant improvements in Scholastic Reading Achievement scores.

Soundfield equalization is a classroom listening strategy that consists of

creating an environment where each child is at a favorable speaker-listener

distance by routing the teacher’s voice through small, wireless, high-fidelity

public address systems self-contained in the classroom.

A major problem in a typical classroom is that background noise levels tend

to be similar throughout the room but the teacher’s speech level at the

students’ ear gets weaker as the distance between the teacher and student

increases.  

Classroom acoustics are based on three factors: ambient noise level,

reverberation time and S/N ratio.  According to guidelines set by the
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American Speech-Language-Hearing Association (ASHA), ambient noise

should be no louder than 30-35 dBA in an empty classroom.  Reverberation

time should not exceed .4 seconds, and S/N ratios should be no lower than

+15 db.  However, research shows the average unoccupied noise levels in

classrooms at 50dBA, average reverberation times of .52 seconds, and S/N

rations worse than +4 dB.  

Human Capital Initiative Coordinating Committee. 1993. “The

changing nature of work.” American Psychological Society Observer,

October (Special Issue), 1-24.

The Human Capital Initiative was a collaborative effort of nearly 70

psychological organizations. It developed a research agenda to help policy

makers in federal agencies decide which critical, practical areas to fund.

This document is a further exploration of the “Productivity” section of the

research agenda. (See also Science Directorate of the APA, 1993,

summarized elsewhere in this report.)

It identifies 5 areas of research. A summary relevant to cognitive issues

follows.

1. Making people and technology work well together.

Changing technologies require new or higher cognitive skills. Expert

and intelligent tutoring systems need to come out of the laboratory.

Expert systems, if badly designed, may hide information employees

need (particularly service representatives, explaining the system’s

results to a customer). Research on introducing new technology can

focus on (a) how to reduce the interfering effects of negative

transfer; (b) how to implement systems to facilitate transitions; (c)

how to design expert help systems that detect and diagnose user

problems and errors.

2. Building organizations in which people will produce their best

work.

Face-to-face and telephone conversations have been “replaced”, or

perhaps augmented, by email and fax. Work activities are interrupted

frequently, requiring workers to attend to more tasks. Hierarchical

authority structures are replaced by inter- and intra-organizational

networks.
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3. Training and retraining workers to maintain and increase

productivity.

Much of this section has to do with methods for measuring job

performance. The Department of Labor’s SCANS skills and

competencies may provide a framework, but ultimately the model

needs to be valid across workplaces and link education and training to

work. Common measures of job skills and performance need to be

calibrated. The issue of “cultural specificity” in skill measures needs

to be sorted out.

4. Adapting the workplace to a diverse workforce.

Where, how, and how long should older workers work? Research on

cognitive aging is briefly summarized (similar to Park, 1992,

summarized elsewhere in this report).

5. Creating a healthful work environment that supports

productivity.

Health and safety issues here include psychological disorders, use of

drugs that control psychological disorders, and the effect of shiftwork

on circadian rhythms and cognitive performance.

The report concludes by outlining areas to which psychological research

can best contribute. Notable here is the emphasis on mathematical and

computer-based techniques for simulating and predicting human

performance. “Among the considerations in such a model are the structural

organization of the relevant memory domain, the nature of memory

retrieval, psycholinguistic and linguistic factors, psychological similarity and

association, and programming and machine-intelligence. The interactions in

large-scale systems make intuitive modeling and predictions unreliable. Even

when more limited aspects of cognition are explored, the postulated

underlying mechanisms are usually complex enough that mathematical

modeling and computer simulation are needed to guide intuitions and

produce predictions”(p. 23; emphasis added).

Hunt, Earl. 1995. “The role of intelligence in modern society.”

American Scientist.

Web: http://www.sigmaxi.org/Amsci/articles/95articles/hunt.html

Hunt reviews several theories of how intelligence is related to performance

in modern society, rebutting some extreme claims made by the authors of

122



The Bell Curve (Herrnstein & Murray, 1994). He also counters criticisms of

factor analysis methods made by Stephen Jay Gould (The Mismeasure of

Man, 1983).

Psychometric research shows that a “general intelligence” factor does

(mathematically) reliably emerge from factor analysis of such disparate tests

as vocabulary, short-term memory, math ability, world knowledge, and so

on. However, the underlying abilities do cluster. Hunt describes the main

clusters -– including Carroll’s (1993) eight abilities – as dividing along three

dimensions:

■ Fluid intelligence. The ability to develop techniques for solving new

and unusual problems.

■ Crystallized intelligence. The ability to bring previously acquired,

often culturally defined, problem-solving methods to bear on the

current problem.

■ Visual-spatial reasoning. The ability to construct mental pictures and

use them in problem-solving. Important for mathematics.

Crystallized and fluid intelligence are significantly correlated but are not

merely aspects of general intelligence. They respond differently to several

variables, most notably aging. Fluid intelligence decreases from early

adulthood onward, whereas crystallized intelligence remains constant or

even increases throughout most of the working years. (Experience

accumulates.)

Cognitive psychology research emphasizes an information processing view.

Key concepts include processing capacity, procedural knowledge, and

declarative knowledge. Hunt asserts that processing capacity is part of fluid

intelligence, declarative knowledge is part of crystallized intelligence, and

procedural knowledge is part fluid and part crystallized. Fluid intelligence

would appear to be especially important for novices’ performance. They

need to manipulate data and develop new problem representations.

Experts do more pattern recognition, applying past solutions to current

problems. Learning a task is typically more demanding of working memory

and attention than doing it; people who do well on tests of fluid intelligence

tend to have large working memory capacity (Carpenter, Just, & Shell,

1990). Viewed in this way, it’s not surprising that IQ tests, and particularly

measures of fluid intelligence, are associated with academic performance.

Students, after all, are eternal novices.

It is important to remember that IQ scores are relative (to the mean of the

reference population) and nonlinear (a 10-point difference is not the same
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magnitude at different parts of the scale). Relations between subtests

change as the level of scores changes; there are higher correlations

between WAIS (Wechsler Adult Intelligence Scale) subtest scores for people

with below-average IQ than above-average IQ. A cognitive-psychology

explanation for this is that problems at the information-processing level are

general, but abilities/potentials established at higher levels are specific.

This nonlinearity makes it difficult to generalize findings about IQ and

performance from people of average intelligence (or novice-level

performance) to people of higher intelligence (or more experience). This is

reminiscent of the research on aging summarized by Park (1992): low IQ,

like age, has a greater effect when one is learning a task than when one is

doing the job. Both low IQ and age involve working memory

limitations.Nonlinearity also shows up in the relationship between IQ,

education, socioeconomic status (SES), long-term unemployment, divorce,

and other problems. The expected correlations exist at either end of the IQ

and SES scales; but once a person’s scores are in the moderate SES or

moderate cognitive ability ranges, the relation between poverty, IQ, and

parental SES virtually vanishes.

Hunt explains that intelligence is largely inherited, by which he means the

physiological capacity for paying attention, learning, and reasoning. That

capacity is not changed by training or wonder drugs, nor are IQ scores, but

achievement scores can be, and are, raised by improved education and

training. He argues that this is essential because the technological nature of

our society has increased the opportunities available to the capable and

increased the penalties for not being able to keep up.

Job Accommodation Network. (undated) “Case Summaries.”  A

service of the President’s Committee on Employment of People with

Disabilities.  Morgantown, WV.

This is a compilation from the Job Accommodation Network (JAN)

database search for specific issues related to people with cognitive

disabilities interfacing with telecommunications and identified solutions.

While some of the solutions do not involve the use of telecommunications

equipment, these strategies could be used in emerging telecommunication

equipment in the future. 

■ Senior Clerk has LD, has problems with answering the telephone and

answering questions.  Accommodations: telephone tape recorder, use

decision trees/branching on a software computer program.
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■ Photographer and marketing salesperson has LD.  He had difficulty

reading the name of customer prior to calling person.

Accommodations: use a tape player and have a co-worker record the

names onto the tape, have voice synthesizer for the computer.

■ A greenhouse worker with mental retardation has difficulty staying on

task and knowing when to take breaks. Solution: the worker carried

a tape recorder that provided periodic reminders to stay on task and

indicated break time.  

■ A telephone consultant experiences short-term memory loss and

auditory discrimination problems due to a brain injury.  Her job

duties include responding to telephone request for information and

entering information into a computer.  Solution: the telephone bell

was reprogrammed so that she could readily differentiate between

her phone and others in the area.  An anti-glare screen guard on the

computer reduced screen flicker and prevented dizziness and fatigue.

■ A senior programmer for a company has a learning disability resulting

in difficulties in memory and using correct words.  Solution: use of e-

mail system helped communication with co-workers by providing

quickly written copies of messages.  Computer software for word

prediction and grammar check was installed.  Also, equipment that

uses voice output enabled the programmer to read back documents

that were entered to reinforce use of words.

Job Accommodation Network.  (1997b)  “Worksite Accommodations

Ideas for Persons with Epilepsy or Seizure Disorder.”  A service of the

President’s Committee on Employment of People with Disabilities.

Morgantown, WV.

Job Accommodation Network (JAN) defines Epilepsy as a disorder of the

central nervous system characterized by recurrent seizures.  It has been

found that in some cases, epileptic seizures can be triggered by blinking or

flickering lights (by flash rates of 10 - 20 flashes per second).  The following

accommodation ideas might help in this area.

1 Glare guards and/or tinted computer glasses may reduce/eliminate

glare and decrease color intensity on the monitor

2. Adjust the display intensity on the monitor, the blinking cursor can be

reduced by changing the configuration of the DOS SHELL or by

purchasing software that reduces eliminates or enlargers the cursor.

3 If using a Windows™ application, slowing down the speed of the

tabbing/flipping window below 3 Hz (above 3Hz can trigger seizures)
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might help.  To correct this, slow down the display speed by using a

slower video adapter card so that the screen does not “roll” so fast.

4 Changing the color of the monitor screen to a less bright color.

5 Use a high resolution VGA monitor/flicker-free screen to eliminate

the flicker effect due to refreshing the screen.

Job Accommodation Network.  (1997c)  “Worksite Accommodations

Ideas for Persons with LD and / or ADD.”  A service of the President’s

Committee on Employment of People with Disabilities.  Morgantown,

WV.

This document published by the Job Accommodation Network (JAN)

discusses specific learning disabilities and defines impairments that fall under

the term Specific Learning Disability.  In addition, the document lists key

terms used to describe an Attention-Deficit Disorder  and questions to

consider when determining accommodation solutions.  

The section on sample accommodation solutions for persons with learning

disabilities and/or attention deficit disorder is as follows:

Deficits in Reading:

■ books on tape (Recording for the Blind & Dyslexic)

■ Tape recorded directives, messages, materials

■ reading machines

■ screen reading software for computer use

■ colored mylar templates for reading and scanning

■ color coded manuals, outlines, maps

■ scanners which allow the user to enter hard copies into the

computer system

Deficits in Writing:

■ personal computers/laptop computers

■ voice output software which highlights and reads (via speech

synthesizer) what has been keyed into the computer.

■ voice input software which recognizes the user’s voice and changes it
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to text on the computer screen

■ locator dots for identification of letters/numbers on the keyboard 

■ word processing software

■ spell checking software/electronic spell checkers

■ software with highlighting capabilities

■ grammar checking software

■ world prediction software

■ form producing software which computerizes order forms, claim

forms, applications, credit histories, equation and formula fields.

■ carbonless notetaking systems.

Deficits in Mathematics:

■ fractional, decimal, statistical, scientific calculators

■ talking calculators

■ Computer Assisted Instructions (CAI) software for arithmetic &

mathematics

■ Computer Assisted Design (CAD) software for architecture &

engineering

■ Large display screens for calculators, adding machines

■ colored mylar templates, colored coding for maintaining ledger

columns

Deficits in Organizational Skills, memory, and time management:

■ day planners

■ electronic organizers/schedulers

■ software organizers with/without highlight capabilities

■ LCD watches, data bank watches, timers, counters, alarms

■ personal Information Mangers  (P.I.M.S.)

■ use of electronic mail (email) for memory deficits
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Specific accommodation examples follow:

■ A college student with dyslexia, dyscalcula, and memory loss had

difficulty reading textbooks and completing assignments.  To

accommodate him a loaned computer with Arkenstone Reading

software was provided to the student.  This computer had voice

output and scanned printed materials.

■ A computer programmer had a learning disability and deficiencies in

reading, mathematics, and spelling. A schematic chart summarizing

procedures was provided to assist the programmer with tasks.  Also

provided were tutorial readers and “talking back” tapes because the

programmer was an “auditory learner” and had difficulty with visual

discrimination.

■ A child-care assistant with a learning disability had low reading skills.

A video was provided to the employee to teach a children’s story and

the hand motions that accompanied the story.  The employee viewed

the video to prepare for lessons.

Job Accommodation Network. (1995d) “Worksite accommodations for

people with cognitive disabilities.”  A service of the President’s

Committee on Employment of People with Disabilities.Morgantown,

WV.

Job Accommodation Network (JAN) defines cognitive disabilities as people

who have developmental disabilities (e.g. mental retardation, cerebral palsy,

etc.), traumatic brain injury (i.e., these injuries can be caused by violence,

car accidents, stroke, etc.), learning disabilities (including dyslexia, autism,

etc.).  

People with cognitive disabilities may have difficulty reading, writing,

spelling, listening, speaking, thinking, performing sequential tasks, doing

arithmetical calculations, responding to directions/supervision, concentrating

with direction, coordination, distinguishing left from right, balance, spatial

orientation, etc. - difficulties with receiving, processing, or expressing

information.

JAN’s non-inclusive list of frequently used workplace accommodations are

compiled from a variety of resources regarding solutions.  Below is an

abbreviated summation.

1. Voice recognition phones permit dialing by voice.  Up to 50 names

and corresponding telephone numbers are stored in the phone’s

memory and recalled and dialed by speaking the name only.

Automatic dialers might be used by people who have difficulty
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remembering a sequence of numbers.

2. Automatic four-number dialers for one-button dialing of four

different phone numbers.  The dialer connects to any modular

telephone. The buttons may be covered with symbols for

frequently called business numbers if the unit is not required as an

emergency dialer.

3. Self-operated audio (or written) prompt systems can be used for

cues or reminders.

4. Telephone recorders - for taking information, orders, etc. over the

phone.

5. Electronic spelling correction, including talking spelling correctors.

6. Memory aids and cues like alarm clocks, timers with instructions,

etc.

7. Computer equipment can produce synthesized speech.  Voice

input/output devices, keyguards and expanded keyboards.

8. Timers to establish the amount of time to be spent on a particular

job, break, lunch and /or to alert workers when it’s time to attend a

meeting.  Digital timers are most often recommended.  Clocks

should be talking or digital.

9. Talking equipment such as calculators, measuring tools, teller

machines, cash registers.

10. Audio signage remote information accessibility in infrared signage

permits the transmission of environmental information via audible

messages.

11. People who are autistic may benefit from use of augmented

communication — speaker boards, facilitated communication using

computers, symbols, etc.

12. Self-operated prompting strategies, such as the use of picture

prompts and audio prompts.

13. Computer applications:

■ Cover/shield unneeded keys

■ Simplify input and output

■ Editing software (spell-check, word prediction, macros)

■ Menus, outlining sorting software

14. Information Displays
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■ Reduce complex messages to clear, simple messages (use pictures,

numbers, and familiar symbols in place of words)

■ Locate labels, instructions, etc. As close as possible to the referred

item

■ Provide digital clocks

15. Communication Devices

■ Provide telephone auto-dialer, headsets, and /or large buttons

16. Controls

■ Provide simple, logically arranged, and clearly labeled controls

■ Avoid the need for a short reaction time

■ Avoid controls with complex/multiple functions

■ Place shields or lock-outs on controls not to be used.

17. In the area of orienting oneself they have the following suggestions.

(While their intent was physical environment, this can apply to

cyber-space as well!)

■ Use varying architectural materials and styles, so that spaces do

not all look the same. 

■ Avoid similar-looking choices.

■ Design spaces the “look like what they are”

Johnson, Doris, and Jane Blalock. (1987) Adults with Learning

Disabilities: Clinical Studies. Orlando, FL: Grune & Stratton, Inc. 35,

82, 154, 208.

The excerpts here provide some statistics and some specific information on

capabilities of people with LD.

One table (3-2, p. 35, reformatted here) gives the prevalence of different

learning disabilities as follows. This seems to be from a study of 93 adults.

These numbers are self-report data, and underestimate the actual

disabilities found during assessment.
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Problem area Number of adults

Written language 72

Reading 62

Oral language 26

Organization, planning 15

Mathematics 12

Attention 7

Nonverbal abilities 6

Conceptual thinking 4

78% of the adults were found (assessed) to have some oral language,

auditory processing, or metalinguistic problems.89% of the total group

were classified as reading disabled. The remaining adults consistently scored

at an 11th or 12th grade reading level; their primary problems were in

written language, nonverbal processes, mathematics, organization, or

attention.

Given numerous auditory and conceptual problems described elsewhere,

it’s likely that oral language deficits contributed to written language deficits.

“Perceptual, memory, comprehension, and syntactic deficits all interfered

with various aspects of reading” (p. 154).

Mathematical disability was severely underestimated by participants. 54%

of them had math problems, but only 13% (12 people) reported them as a

major problem. The significance of math difficulties tended to emerge in

word problems and real-life situations rather than paper-and-pencil tests.

Word problems involve several types of “translation” that makes them

more difficult than simple calculation (Sharma, 1981).

Kaplan, Deborah, John De Witt, Maud Steyaert. 1992.  Laying the

Foundation: A Report of the First Year of The Blue Ribbon Panel on

National Telecommunications Policy. World Institute on Disability,

Oakland, CA.

This report is the product of the first year’s activities of the Blue Ribbon

Panel on National Telecommunications Policy.  It covers the demographics

of disability as well as an extensive analysis of functional limitation and the

use of telecommunications.  
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In the area of cognitive processing, the report concludes: An individual with

a learning disability frequently benefits from redundant presentation of

information.  A telephone with a visual call progress display has increased

functionality.  Add synthetic speech verification of dial-pad keys being

pressed, as an option , and functionality is increased even further.

Limitations in memory or sequencing are also being addressed in much the

same manner, by the use of redundant presentation.  Simultaneously, audio

or visual features enhance use for blind/low vision or deaf and hard of

hearing consumers.

Two useful tables are included in this publication include cognitive disability

issues.

Table 3. Ease of use for telecommunications tasks by functional

limitations.  pp. 36-38

Table 4. Effect of component and feature design upon ease of use.  pp.

39-45

Kerscher, George & Kjell Hansson.  1998.  “DAISY Consortium —

Developing the Next generation of Digital Talking Books (DTB).”

DAISY Consortium.  Paper presented at the 1998 CSUN conference,

Northridge, CA. Web: http://www.dinf.org/csun_98/csun98_ 065.htm

The DAISY Consortium (Digital Audio-based Information System) is the

worldwide coalition of libraries and institutions serving print disabled

persons, developing the open standards, tools, and techniques for the next

generation of “digital talking books” (DTB).

The goal of DAISY Consortium is to develop the standards for the next

generation of DTB to be used around the globe.  This paper describes the

use of existing open standards and Internet protocols in the development

and promotion of the standard.  Mastering tools and delivery platforms that

Consortium members can use will be described.  The importance of this

development for libraries, schools and users of  alternative access methods

to inform are examined.

It is expected that based on this paper and the presentation, the

representatives of libraries and institutions from around the world will be able

to make an informed decision to join the DAISY Consortium and be a part of

this Earth-shaping activity.

STGML (Standard Generalized Markup Language) and ISO 8879 (International

Standards Organization) are the frameworks in which the DAISY Consortium

intends to work.  HTML (Hypertext Markup Language) and XML (Extensible

Markup Language) are both applications of the SGML accepted standard.
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HTML 4.0 supports:

Cascading Style Sheets (CSS)

International Character set

Class Attributes

Web Accessibility Guidelines

Synchronized Multimedia Integration Language (SMIL) is an application of

XML and allows content creators to combine video, audio, graphics and

text in a time-based presentation.

Playback devices - and companies in the Consortium:

■ Plextalk & trade: by Plextor, a Japanese company.  Started in 1994 to

develop a CD-ROM based player for digital talking books.

■ Victor & trade: by Visuaide: A Canadian based company that has

worked in the disability field for more than ten years.  Working to

develop a portable playback device.  This accepts DAISY books on

CD-ROM.

■ WebSpeak & trade; & Siguna Browser & trade; by Productivity

Works.  A non-visual, self-voicing, web browser.  With a Japanese

synthesizer, WebSpeak is now enabled for Japanese speaking users.

The browser has been name “Sigtuna Browser” which is expected to

be made available at no cost through Internet download.  This

browser can be used in Japanese or English to read DAISY books.

Kirsch, Ned L., Levine, Simon P., Lajiness-O’Neill, Renee, and Marjorie

Schnyder.  1992.  “Computer-assisted interactive task guidance:

Facilitating the performance of a simulated vocational task.”  Journal of

Head Trauma Rehabilitation. 7 (3): 13-25.

This article describes an interactive task guidance system which presents

written and auditory cues on the screen of an IBM-compatible computer

with a minimum of 256K internal memory and a color graphics adapter.

The authors explain that interactive cueing modules (ICMs), which use

features of COGORTH language, can be written to include video

presentation of messages, monitoring of user input, branching, management

of interrupts, and the ability to manipulate time variables such as hours and

seconds.  In their study, an ICM for a 90-minute segment janitorial activity

was written into COGORTH programming language.  The ICM, based
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upon a task analysis of cleaning a bathroom and waiting room in a hospital

clinic, represented all tasks and as simple instructions, each of which

consisted of 3 or less behavioral steps or conceptual elements (e.g., “Lock

the janitor’s closet door with the key marked 1H341.  Test the door to

make sure it’s locked.”)  In addition, each message instructed the user to

“press the letter ‘C’ to continue” when a task had been completed.  

Kreutzer, Jeffrey, Conder, Robert, Wehman, Paul, and Catherine

Morrison.  1989.  “Compensatory Strategies for Enhancing

Independent Living and Vocational Outcome Following Traumatic

Brain Injury.”  Cognitive Rehabilitation. 7 (1) 30-35.

Two cases are described in which strategies that involved computer use

were employed to improve the work and performance of daily living skills

of people who had been brain injured.  

LaPlante, Mitchell, and Dawn Carlson. 1996. “Disability in the United

States: Prevalence and Causes, 1992.”  Disability Statistics

Rehabilitation Research & Training Center, Institute for Health &

Aging. University of San Francisco, CA. 

This data is compiled from in-person interviews of 128,412 people in 1992,

conducted by the National Health Interview Survey. The definition of

“disability” includes limitation in major activity, limitation in work, and need

for personal assistance with activities of daily living. Respondents must

indicate at least one chronic health condition or impairment as a cause of

activity limitation. Respondents must also indicate which condition is the

primary cause.

There may be some under-reporting in this data.

Overall, of the total US non-institutionalized population in 1992, 15.0%

(37.7 million) report some activity limitation due to chronic health

conditions. 4% (9.2 million) report need for help with activities of daily

living.

Of the working population, 11.6% (19.0 million) report some work-related

limitation; 3.9% are limited in other activities.

Mental retardation limits 1.4 million people and learning disability 216,000.

Speech impairments other than stammering or stuttering limit 495,000

people.

Because the tabulation is by causes rather than functional limitations, there
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is no overall number for “cognitive disabilities.” 

Other causes for cognitive disability would be contained in headings such as

“diseases of the nervous system” (2.5 million), “paralysis,” “cancer,” and

“cerebrovascular disease.”

Law, Chris, and Gregg Vanderheiden.  1998. EZ Access Strategies for

Cross-Disability Access to Kiosks, Telephones and VCRs.  Paper

presented at the CSUN Conference, Northridge, CA. 

Web: http://www.dinf.org/csun_98/csun98_074.htm

In this paper, Vanderheiden and Law describe inter-compatible techniques

designed to make an array of consumer products accessible to individuals

with a wide range of disabilities.  The techniques are currently used in more

than thirty touchscreen kiosks; moreover, designs to incorporate them into

VCRs, telephones, and other common electronic products are under way.

The authors note that the Americans with Disabilities Act Accessibility

Guidelines (ADAAG) mandate that Automated Teller Machines (ATMs) and

Information/Transaction Machines (ITMs) must be made accessible to

people with various disabilities.  They note furthermore that if the ADAAG

mandate is to be addressed, a practical set of cross-disability access to input

and output elements used on ITMs is required.  

Touchscreens are one interface for providers of ITMs.  Vanderheiden

(1997a; 1997b) has discussed a set of interface techniques -EZ Access- that

provide cross-disability access to touchscreens.  When combined, the EZ

Access techniques provide a number of powerful and flexible interface

extensions that offer enormous adaptability in the ways that people can use

touchscreen interfaces.  These techniques, which use voice output and

enhanced visual and auditory displays, allow users (including those who

have dyslexia and other reading disabilities, or who do not read at all) to

adjust interfaces according to their needs.  Thus, if a user cannot read a

visual display, the mode of presentation can be adjusted to make the

interface auditory.  Furthermore, adjustments can be made via menus,

shortcuts, or the information can be stored on a personal card, where the

device uses a card.  

According to Vanderheiden (1997b), the EZ Access techniques can be

modified to provide disabled consumers with the same level of access to

other electronic devices.  The techniques developed for touchscreens now

exist as a “generic set” which can be applied differently for diverse devices.

Law and Vanderheiden describe how the EZ Access techniques can be

incorporated into public information kiosks, as well as telephones and

VCRs.  For example, users who have difficult reading (like those who have
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low vision) would choose the Select and Confirm mode, where icons and

buttons are highlighted and spoken aloud when they are touched.  Users

press and hold their fingers on the screen for half a second when the

desired button has been located, which activates it.  On the telephone, the

same mode is invoked.  That is, when the user touches buttons, the sound

is emitted through the handset or speaker on the unit.  The Select and

Confirm mode can also be used to operate VCRs.  When the items on the

list are spoken, the volume from the VCR is automatically attenuated.

Alternatively, if users do not wish the volume to be attenuated, commands

can be shown on the TV screen in very large letters.  

In addition, a useful mode for people who have moderate difficulty reading:

the Quick-Read Mode.  In the Quick-Read Mode, users hold down the

diamond-shaped confirmation button as they touch items on the

touchscreen, telephone or VCR.  When items are touched, they are spoken

aloud.  This mode can be used momentarily by those who can read most of

the items on the screen.

Techniques that provide voice support can accommodate some people with

mild or moderate cognitive impairments.  If these users have difficulty

understanding text because it is spoken too fast, they can slow it down (or

vice versa).  If the user is not able to navigate the menus to adjust the

settings, the user can determine menu preferences in advance with a

personal assistant (for instance) and store them on a bank card.  When user

preferences are stored on the card in this way, the kiosk is told of them

when the card is inserted into the device.

Levine, Simon P., Horstmann, Heidi M., and Ned L. Kirsch.  1992.

“Performance considerations for people with cognitive impairment in

accessing assistive technologies.”  Journal of Head Trauma

Rehabilitation.7 (3): 46-58.

This article indicates the perceptual, motor, and cognitive skills required to

use a range of assistive technologies in order to draw out the ways in which

they are inappropriately designed for people with cognitive impairments.

One of the underlying premises of the article is that the cognitive and

perceptual requirements for operation of the system increase as the design

of a particular assistive technology changes to accommodate greater motor

impairment.  

Word prediction systems, for example, require that one is able to search

the word list, decide if the appropriate word is in the list, and in turn enter

the appropriate character to select the chosen word.  According to the

authors, these requirements make the use of word prediction systems
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impossible for some cognitively disabled individuals.  They explain that

insofar as the number of necessary character selections is decreased, the

time required to make each selection might increase because the number

of cognitive and perceptual requirements increase (e.g., the ability to

remember whether a particular word is in the list; the ability to judge

whether a word is likely to be in the list).  They state, furthermore, that

theoretical and experimental studies show that although required

keystrokes can be reduced by 24% to 70%, and maximum efficiency is

estimated at 82%, overall performance does not universally improve.  

The authors also point out that technology systems, such as scanning

interfaces, which require one to respond in a timely and rapid manner, will

probably not be successful for a person whose attentional skills are

significantly limited.  For such disabilities often entail that the individual’s

reaction time is delayed.  In addition, one of the most common scanning

interfaces, which consists of a two-dimensional array of letters requires that

the user be able to understand the basic two-step selection strategy, keep

the message, context, word, and specific letter in mind, and search the

letter array and identify the location of the desired letter.  Individuals whose

memory is affected might forget messages entered into augmentative

communication systems before they are completed, especially if the

message takes several minutes to complete.  Those whose ability to

understand conceptual relationships is affected might not recognize

situations in which prior knowledge can be applied (e.g., computer access

and augmentative communication systems whose encoding techniques

require that the user recognize the relationship between an abbreviation

and its expansion).  Individuals whose perceptual and analytic abilities are

affected might not be able to select characters or pictures on the display of

an augmentative communication system.  The authors point out that some

of the skills required to use scanning systems might be improved or

developed through appropriate clinical intervention; for example, the

complex strategy required to select a row and then column from a scanning

matrix can be attained by concentration on its components: single-switch

scanning with one-dimensional arrays can facilitate the development of

switch activation under time constraints, which might then allow the

individual to pick a single letter from a reduced set of options and gradually

to the entire matrix.  

Levinson, Richard. 1995.  “A Computer Model of Prefrontal Cortex

Function.” Structure and Functions of the Human Prefrontal Cortex.

Annals of the New York Academy of Sciences, Volume 769. Jordan

Grafman, Keith J. Holyoak, and François Boller, eds.  New York: The

New York Academy of Sciences, 381-88.
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This paper describes a computer model of prefrontal cortex function which

was designed by integrating the perspectives of neuropsychology and

artificial intelligence (AI).  The model shows how several neuropsychological

theories of frontal lobe function can be combined into a single computer

model.  The model also extends those components theories by focusing on

information processing details that glue the pieces together

The Information Processing model was designed by disassembling the

functional components of the neropsychological theories and then

recombining them so that the functions are grouped together based on the

type of knowledge representation and information processing involved.

Thus the model components are organized from an information processing

perspective.  The main focus of the model is on the definitions of the

Executive Function programs, and the four knowledge representations they

process.

1. Condition: structures that represent symbolic descriptions of

environmental conditions

2. Goal: structures that map conditions into positive and negative

reward values.

3. Program: structures that link conditioned action sequences together

4. Simulation: structures that record the effects of simulating different

program variations.

The model combines neuropsychological theories, extending them by

elaborating on the information processing details described in the article.

Levinson, Richard.  1997.  “The Planning and Execution Assistant and

Trainer (PEAT).”  Journal of Head Trauma Rehabilitation12 (2): 85-91. 

This article introduces PEAT, a hand-held electronic calendar and address

book that has built-in telephone, fax, and Internet capabilities, and features

automatic cueing to start and stop daily activities.  PEAT is intended to

simulate and assist the performance of the executive functions of the brain,

functions such as anticipation, goal selection, planning, initiation, self-

monitoring, and use of feedback by generating daily plans, monitoring plan

execution, and replanning when the projected plans change.  These

functions, which primarily involve the neural circuits in the brain’s frontal

lobes, provide one with the flexibility of thinking that is needed to achieve

goals under conditions of uncertainty.  In addition, these executive functions

provide the classic frontal lobe functions of inhibiting reactions that are

irrelevant, ineffective, or interfering.  When these processes are impaired,

recognizable symptoms of frontal lobe injury (e.g., distractibility, awareness
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deficits, and perseveration) are produced.  Thus, PEAT, which uses a

computer model of prefrontal cortex function, is intended as an orthotic

frontal lobe.  Levinson remarks that PEAT uses an AI planning system called

PROgram Planning and Execution Language (PROPEL), to simulate the

prefrontal cortex function of the brain; and, in doing so, it increases the

autonomy of brain injured people.

The prefrontal cortex of the human brain stores symbolic (linguistic)

memories of conditioned action sequences which correspond to functional

neural circuits.  These programs encode memories of sequences that

remain active in the absence of sensory stimuli.  In routine sensory

conditions, default program pathways are activated.  Under novel sensory

conditions, deliberate script variations are activated.  Some programs (or,

scripts) of the prefrontal cortex encode behaviors that are necessary for

daily activities.  Other programs encode the executive function behavior

that is necessary for one to monitor oneself, as well as to be self-

programming.  

In PROPEL, users define scripts for routine sequences, which can be used

for both planning and execution, and which might involve choice points that

identify where a choice must be selected from a set of alternative resources

or subroutines.  If the user does not engage in any planning, a default script

can be executed reactively, where in the first instance the planner simulates

the default program, and then it simulates program variations.  In addition,

it evaluates each simulation with respect to the user’s goals, and searches

for program variations that maximize the achievement of these.  The

planner also generates advice rules that are used during execution to make

“deliberate” selections at choice points.  

Lewis, Rena B.  1998.  “Assistive Technology and Learning Disabilities:

Today’s Realities and Tomorrow’s Promises.”  Journal of Learning

Disabilities. 31, 1: 16-26, 54.  

Lewis discusses technologies especially designed for learning disabled

people, as well as the ways in which technologies designed for other

purposes or other groups of disabled people can assist these individuals; for

example, an audiotape recorder can be used to accommodate short-term

memory, and technologies designed for blind people can assist those whose

learning is impeded by print.  The authors explain that learning disabilities

interfere with the learning process, that is, they limit the acquisition of new

skills and knowledge, as well as the recall of previously learned material.  

Lewis writes that reading and writing are the primary targets of

technological intervention for persons with LD.  These interventions focus
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on word processing programs which support and enhance writing skills, and

computer-based instruction in reading.  Word processors (such as, Write:

Outloud, IntelliTalk, Kid works 2, and The Amazing Writing Machine) that

use speech synthesizers are common.  These word processors enable

writers to gauge the accuracy of their work.  Moreover, some utility

programs (for example, SmartVoice for Macintosh computers) can add

synthesized speech to any application, including word processors.  Speech

is also used within program features, such as spellcheckers.  These are not

always helpful, for many of the misspellings that individuals with learning

disabilities produce are phonetic or idiosyncratic in character.  Grammar

checkers and thesauruses are other editing features which are available

within word processors or as stand-alone programs. The former monitor

sentences for grammatical errors and stylistic features, such as clichés.  

Word processing programs seldom include all three types of these editing

features.  The Writing Center, a popular desktop publishing program for K-

12, contains both a spelling checker and a thesaurus.  Write: Outloud

includes a talking spelling checker.  Write This Way, one of the few word

processors especially designed for people with learning disabilities, has a

talking spelling checker, as well as a talking grammar checker.  Microsoft

Word includes spelling and grammar checkers and a thesaurus.

Lewis points out that there are also programs which assist writers in the

planning stages of their writing.  Often stand-alone programs, most of these

allow writers to export plans to a word processor.  With Inspiration, for

example, a writer brainstorms ideas and then arranges them in a visual

display (e.g., a cluster or flow chart).  This sort of program facilitates

planning and organization for those who work best with visual depictions of

relationships between ideas. 

Lewis writes that the standard QWERTY keyboard can be a barrier to

many students.  To teach students keyboarding skills, software available

includes: Kid’s Typing (a children’s program), Typing Tutor 6 and Mavis

Beacon Teaches Typing (all-ages).  The standard keyboard may be replaced

by another configuration.  For example, Muppet Learning Keys (from

Sunburst/Wings for Learning), an alternative keyboard for young children,

displays letter in alphabetical order;  IntelliKeys (from IntelliTools) is a

programmable alternative keyboard that can be configured in such a way

that it presents letters in alphabetical order or in any other arrangement.

Voice-input devices, such as DragonDictate (from Dragon Systems Inc.) for

IBM computers and PowerSecretary (from Articulate Systems) for the

Macintosh.  Word prediction programs (e.g., Co:Writer), which attempt to

predict the word one intends to type from the first one or two letters

entered, can be another alternative.  

Lewis points out that hypertext and hypermedia software can
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accommodate learning disabled people.  These programs offer greater

opportunity for interaction between the learner and the text than

traditional, linear software, for they shift the control of future events away

from the program itself to the user in order that the individual determines

decides what will occur.  In one hypermedia reading program described by

Higgins and Boone (1991), the learner selects a word of the text of which

to hear the pronunciation, views a graphic which illustrates the word’s

meaning or sees a structural analysis of the word.  

The introduction of CD-ROM discs has also influenced the way in which

software is read.  The storage capabilities of CD-ROMs made multimedia

programs, which are multisensory, a possibility.  Multimedia programs,

which contain high quality auditory information, as well as photos and other

visuals, can also assist individuals with learning disabilities.  This software is

now quite common.  Outstanding examples are CD-ROM-based reference

“books”.  Bookshelf, for instance, is a one-disc program that contains a

dictionary, thesaurus, encyclopedia, atlas, chronology, and almanac.  In the

program, the dictionary pronounces words aloud, several of the reference

works contain entries with color photos, animated diagrams, audio

recordings, and video clips.     

An approach to reading pedagogy that emphasizes meaning-based

interaction (as opposed to skills instruction) precipitated the appearance on

the market of the “talking” storybook.  These programs  are hypermedia

insofar as they allow readers to interact with the text and usually the visuals

which accompany it.  Lewis points out that the interactive character of

these storybooks can encourage readers to persist in their reading tasks,

and some of their features can assist in reading (e.g., features which allow

one to select an unknown word in order to hear it read aloud).  Lewis says

that the best-known sets of these programs are the Living Book series from

Broderbund and the Discis books series from Discis Knowledge Research

Inc.  

In the Living Book series, the reader may choose either the “read to me” or

“let me play” mode; in the latter mode, the reader can interact with the

text and graphics.  Once the story begins, graphics animate, and the text on

the page is read aloud, with music and sound effects accompanying the

narration.  The reader can turn to the next page or interact with the page

on the screen.  Two sorts of interaction are possible: 1) the reader can

direct the program to read one word aloud, or all of the text.  Almost

anything which appears on the screen performs some action if selected.

This capability could motivate readers, but it could also distract them.  

The Discis Books programs run much as the Living Books do; in addition,

however, the format of the text can be altered to accommodate the

individual learner’s needs, the size of text can be altered, as well as font,
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style and spacing.  There are a number of ways in which interactions

between the reader and individual words can be structured: 1) when a

word is selected, the program can read the word aloud in English and/or

Spanish, read the word syllable by syllable, and provide an explanation of

the way that the word is used in the context of the story; 2) when one of

the graphics that illustrates the story is selected, a word label can appear, or

the program can read the word aloud, or the program can pronounce the

word syllable by syllable.  The program can also be customized to allow

more than one type of interaction to occur; for example, a reader might

click once on a word to hear it pronounced, and twice to hear an

explanation of its meaning.  

Lewis notes that research conducted by Okolo, Bahr, and Rieth (1993)

concludes that computer-based instruction can improve skills in areas such

as, word recognition and decoding.  Research on IBM’s Writing to Read

program conducted by Slavin (1991) concluded from a meta-analysis that

kindergarten and 1st grade students showed minimal gains in reading in

relation to controls, although Leahy’s research (1991) indicates that

teachers, students, and parents expressed satisfaction with the program.

Studies suggest the speech is a valuable addition to reading software

(Hebert & Murdock, 1994; McGregor, Drossner, & Axelrod, 1990; Wise &

Olson, 1994).  Wise and Olson, for example, reported that when speech is

added to text the rate of acquisition of decoding skills doubles.  Boones and

Higgins (1993; 1991) report that hypermedia basal readers have shown

positive results for low-achieving students and for students with learning

disabilities who use hypermedia study guides in social studies (1990).

Lewis advises that final judgements on computer-based instruction be

postponed until research results from systematic study are available.

Although highly interactive software seems to engage the attention of

students with learning disabilities, and provides support to negotiate the

print barrier, Swanson (1989) has argued that interactive programs which

encourage learning disabled students to engage in non-reading activities can

actually impede their progress, for individuals with learning disabilities

typically are inefficient (rather than passive) learners.          

Lewis writes that there are a number of technologies that can assist

individuals with learning disabilities in activities of daily living.  Some of these

are: hand-held calculators, books on tape, and books on computer disk, the

latter of which allow the reader to modify the appearance of the text,

search for specific topics, and make marginal notes.  Reading machines

designed for people who are blind allow auditory access to any type of

printed material.  One example of such a device is the Reading Edge

Kurzweil Reader, which provides universal access to print, although it is

quite expensive.  Hand-held devices can also be used to assist with hand-
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written documents.  Franklin Learning Resources produces several hand-

held aids with features including speech, dictionaries, and thesauruses in

addition to spellcheckers.  Telephones, which can be pre-programmed with

frequently called numbers, can make it unnecessary to remember them, as

well as dial them in the correct sequence.  Hand-held electronic organizers

can be used to store names, addresses, phone numbers, important dates,

etc.  

Lewis writes that three changes in person-technology interfaces have

contributed to their increased ease of use.  They are: first, the move from

command-driven controls to menus of options from which to select;

second, standardization of interfaces; third, input alternatives, including

digital assistants (such as, Apple Newton which accepts hand-written input),

voice operated computers, and touch-screens.           

MacArthur, Charles A. 1990.  Using Technology to Enhance the

Writing Processes of Students with Learning Disabilities. Journal of

Learning Disabilities. 29 (4): 344-345.

In this paper, MacArthur reviews specific ways in which computers can

support the writing processes of, and enhance the writing instruction for,

students with learning disabilities.  Many of the applications discussed in the

paper (in particular, the more recent advances) have little or no research

support.  The discussions are intended to clarify the extent to which the

techniques are supported by research.  

Word Processing

MacArthur notes that the editing features of a word processor enable

writers to make frequent revisions without recopying drafts.  The ease with

which writers can revise material might encourage them to do more of it,

as well as to concentrate on content when they compose first drafts and

edit for mechanics later in the process (Daiute, 1986a).  To be sure, the

impact that word processors can have on the process of revision is

significant for students with LD, in particular: they generally have a limited

conception of revision, restricting their revisions primarily to minor changes

that do not affect the overall meaning or quality of their writing (MacArthur,

Graham, & Schwartz, 1991).  Nevertheless, according to MacArthur, access

to word processing has little impact on the behavior with respect to

revision that students with LD engage.  MacArthur and Graham (1987), for

example, found no differences in the number or type of revisions that LD

students made when they used paper and pencil, as opposed to use a word

processor; furthermore, according to any of the criteria used in the study,
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the final drafts of papers written on a word processor did not differ

substantially from those composed by hand.  MacArthur states, however,

that the amount and quality of revision in which students with LD engage

significantly increases when instruction in revision is combined with word

processing (Graham & MacArthur 1988; MacArthur, Schwartz & Graham,

1991; Stoddard & MacArthur, 1993).  

Cochran-Smith (1991) concluded that although students adopt positive

attitudes toward word processing, the impact of computers on the quality

of their writing and writing processes depends on teachers’ strategies with

respect to their use.  MacArthur (1988) discussed the potential benefits and

problems associated with the use of word processing with students with

LD.  He found the limited research in the area to be inconclusive.  More

recent studies (MacArthur et al., 1993; Morocco, Dalton, & Tivnan, 1990)

indicate that word processing can enhance the writing of students with LD,

when combined with effective writing instruction.

Sentence Generation and Transcription

The difficulties that students with LD encounter with transcription

processes, such as spelling, capitalization, punctuation, and usage, are well

documented (e.g., Graham et al., 1991).  Studies (Graham, 1990;

MacArthur & Graham, 1987) suggest that problems with transcription

interfere with the overall composition process.  The effort devoted to

circumvent these mechanical issues might very likely reduce the cognitive

capacity available for planning and revising processes.  MacArthur discusses

a number of computer tools designed for learning disabilities associated

with transcription processes.   

1) Spell Checkers

MacArthur notes that nearly every word processor designed for adults, and

the most recent versions targeted at grade schools, include an integrated

spelling checker that can be accessed from within the word processor.

MacArthur writes that spelling checkers do have limitations, especially for

students with serious spelling problems (Dalton, Winbury, & Moroco,

1990).  First, spelling checkers identify proper nouns and special terms as

errors.  Second, and more importantly with respect to the writing

processes of learning disabled students, spelling checkers fail to flag

misspelled words that are other words correctly spelled.  In two recent

studies, MacArthur, Graham, and De La Paz (in press at time of writing)

that approximately 26%-38% of the spelling errors which fourth through

eighth grade students with LD made were ones that fit into this latter

category.  Dalton (1988) reports that 40% of spelling errors made by fourth
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grade students with LD went unidentified by spelling checkers.

Spelling checkers are also limited, and vary, in their effectiveness to suggest

correct spellings.  MacArthur, Graham, and De La Paz (1994) reported that

spelling checkers found the correct spelling for 46% to 66% of the words

that the speller flagged as misspelled.  In addition, even if the spelling

checker suggests the correct word, students with LD are required to

identify the correct word from the list of options.  MacArthur states that

this dimension of spelling checkers converts the writer’s task from

producing the correct spelling to recognizing it from a list of similar words,

a task which might be difficult for poor spellers.  MacArthur states that two

software design strategies are available that can ameliorate this shortcoming

of spelling checkers: synthesized speech to pronounce the words in the list,

and definitions of words in the list.  

A recent study of middle school students with LD, whose spelling difficulties

range from moderate to severe, provides data on the overall usefulness of

spelling checkers (MacArthur, Haynes, & Graham, 1994).  The study was

conducted with 26 students who wrote stories and revised misspellings

with a spelling checker.  The students misspelled 4% to 35% of their

words, the spelling checkers flagged 63% of their errors, and missed 37%

that were homonyms or other correct words.  Correct spellings were

suggested for only 58% of the flagged words, or 36% of all errors.  The

student participants were able to correct 82% of the errors with correct

suggestions and 23% of the errors when the correct suggestion was not

offered.  Overall, students corrected 36% of their errors with the use of

the spelling checker.

Speech Synthesis

Research that investigates the potential of speech synthesis to improve the

writing of elementary-school children is limited.  One study (Borgh &

Dickson, 1992) which compared word processing with and without speech

synthesis with non-disabled second- and fifth-grade students.  Both versions

of the word processor incorporated a special prompting feature, one in

which each time a period was typed (signaling the end of a sentence), a

prompt appeared on the screen that reminded the student to reread the

sentence and consider revising it.  When speech synthesis was used,

students revised more after each sentence, and revised less at the end of

the story.  No differences were found in length or quality of writing.  

Problems remain with the quality of the speech.  High-quality 

speech, which uses expensive hardware (e.g., DECtalk) is almost as

comprehensible as recorded speech; however, work by Mirenda and

Beukelman (1987) showed less expensive hardware to have serious

comprehensibility problems.  The quality of software-only speech
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synthesizers has improved, but still does not approach the

comprehensibility of digitized speech.  At present, a number of word

processors and related writing tools with speech synthesis are  available.

The Talking Textwriter is available for both Apple II ad IBM, but uses the

relatively poor Echo speech synthesizer.  My Words, a straightforward

word processor with a variety of text-to-speech options, reads words,

sentences, or the full text.  Write: Outloud provides speech synthesis with

options to read letters, words, sentences, or the full text, as well as

spellchecking.  

Word Prediction and Word Banks

MacArthur writes that word prediction might have potential for students

who have serious problems with spelling, punctuation, and syntax.  He

notes that Co:Writer, a commercially available program for Macintosh

computers, supports word prediction for any word processor.  A related

type of software is software that includes word banks.  My Words, for

example, is a word processor with both speech synthesis and a word bank.

When the software operates in default mode, all of the words typed are

collected in an alphabetized list at the side of the screen, a list which can be

edited and locked separately from the writing.  As a user types, the list

automatically scrolls to find words which begin with the letters typed.

MacArthur suggests that word bank programs provide a limited version of

word prediction in a format that might be less intrusive than the word

prediction programs that are designed for people with physical disabilities.

Young children can be provided with vocabulary support with word and

picture banks also, e.g., Kid Works 2.  In Kid Works 2, each word is

accompanied by a picture and can be pronounced by speech synthesis.  

MacArthur remarks that word prediction software and word processors

with word banks assist students with LD with transcription during the

process of writing, rather than revision.  He writes, furthermore, that these

applications have the potential to support spelling, capitalization, and

sentence formation; however, this potential remains untested.  He is not

aware of any empirical research on word prediction with students with LD.

Grammar and Style Checkers

Grammar and style checking software is designed to check syntax, sentence

structure, punctuation and capitalization, and writing style.  Several

sophisticated style checkers are available for college and adult writers;

however, reviewers of the products disagree with regard to the relative

effectiveness of the advice they provide.  They seem to be of limited value

for elementary-school students or poor writers.  For although they
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successfully identify relatively minor grammatical and stylistic problems,

they do not interpret serious grammatical and mechanical errors correctly.

Designed specifically to meet the needs of students with LD, Write This

Way consists of a basic word processor with speech synthesis, spell

checking, and grammar checking.  However, the program’s grammar

checker does not appear to successfully identify errors in the writing of

students with or without LD.  MacArthur writes that he is not aware of any

useful grammar checking software for students with LD.

Planning Processes

Students with LD typically have problems with the planning activities

associated with writing, such as setting goals, generating content through

memory search and information gathering, and organizing material carefully

(Flower & Hayes, 1981).  Students with LD usually devote minimal time to

planning before they begin writing.  They often have do not generate

sufficient appropriate content; thus, they produce short compositions with

limited information.  Often, they lack awareness of common text structures

that could help them organize material and generate content.  MacArthur

describes several types of software that have potential to support the

planning processes of students with LD, and facilitate their access to

background knowledge.  They are:

1) Prompting

MacArthur writes that the interactive capabilities of computers can be used

to develop programs that prompt writers to engage in planning processes.

For instance, Writer’s Helper (1990) contains a large number of interactive

planning programs, including programs that support brainstorming, free-

writing, and categorizing, as well as structured questions.  MacArthur is not

aware of any research which documents the impact of such programs.  He

notes, however, that some research indicates that simple text-structure

might enhance the writing of students with LD (Montague, Graves, &

Leavell, 1991).  In addition, he says that research has been conducted on

software programs that provide prompts during the composing process to

remind students to plan and revise.   The writing program that Salomon

(1992) developed provides students with guidance by asking a series of

questions before, during, and after writing, where those asked before

focused on audience, purpose, and content; those asked during the writing

processaddress elaboration, organization, and explicitness; and those posed

after writing focused on evaluation issues.  According to Salomon, the

quality of writing that the students produced when they used the program

improved; moreover, these gains were generalized to writing with paper

and pencil.  Daiute (1986a) found that a program that prompted students to
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revise as they composed was effective specifically with respect to the

amount of revision in which they engaged.  

And Semantic Webbing

Since creating outlines to organize ideas is an integral part of the writing

process, many word processors designed for adults include outlining

capabilities.  Screen size and limited graphic capabilities restricted early

semantic mapping programs.  MacArthur notes that Inspiration (1994),

which is available for Macintosh computers, is a sophisticated program for

semantic webbing.  Semantic webs are created on-screen with elements

that can be easily rearranged to allow experimentation with different

arrangements of ideas, to which hidden notes can be attached. MacArthur

maintains that it is an open question whether the advantages of on-screen

outlining exceed the simplicity of webbing on pieces of paper.  He is not

aware of any research on the use of computers to support semantic

webbing.

Multimedia

The author believes that multimedia software has the potential to enhance

writing processes.  He thinks that multimedia has the potential  to (for

example) generate ideas and provide background knowledge for planning.  

MacArthur points out that writing for young children often consists

primarily of drawing pictures.  Software programs have been designed that

take this into account.  Writing and drawing programs for children, Kid Pix

(1992) and Kid Works 2 (1992) are two of the most popular programs for

home markets.  MacArthur explains that Kid Pix has a wide variety of

drawing tools; but limited text capabilities.  Kid Works 2 allows children to

create pictures with a palette of drawing  tools, as well as to write

accompanying stories; in turn, it plays back the story, display the pictures,

and reads the story with synthesized speech.  Other software programs,

such as Storybook Weaver (1992) provide background scenes, objects, and

animated figures for children to use to create pictures.  A large picture

dictionary can instruct them how to spell the words that they do not know.

Explore-a-Science (1993) is a series which includes science topics intended

for expository writing.

Daiute (1992) researched a multimedia project conducted with students

from a diversity of cultural backgrounds whose writing skills were poor.  His

descriptive study offers anecdotal evidence that multimedia can motivate

students to increase the amount they write, as well as find new ways to

express themselves.  
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MacArthur writes that there might be drawbacks to multimedia also.  For

example, once graphics and sounds are added to compositions, there might

be less focus on text; for the text has become relatively less important in

terms of conveying the intended meaning.  In  addition, the amount of time

which is spent to create graphics and sound is time not spent attending to

the written text.  Bahr, Nelson, and Van Meter (1994) studied the writing of

fourth through eighth-grade students with LD who used graphics-based

writing software in order to see what effects, if any, it had on their writing

performances.  MacArthur points out that their study was conducted with a

small subject group; hence, their findings should be interpreted with

caution.  He states, furthermore, that further research to discern what

effects the addition of graphics to writing software has on the writing.  

Research which the Cognition and Technology Group (1993) conducted on

anchored instruction, which uses video to create a meaningful, shared

context for learning demonstrates the potential of multimedia materials to

increase the extent to which information can be used for problem solving

by connecting new knowledge to background knowledge.  In one project,

for example, a multimedia composing tool which uses video to provide

background information on a particular topic as a basis for writing activities

was designed by researchers at Vanderbilt (Hasselbring & Goin, 1991).

Another project was conducted at Vanderbilt (Kinzer, Hasselbring, Schmidt,

& Meltzer, 1990), which explored the ways that video news reports could

be used to teach text structures, as well as how to use the text structures

in reading and writing.  The researchers report that students’

comprehension of television and oral news reports improved; they also

included more structural elements in their own news reports.

MacArthur comments that research on computers and writing has been

limited for the most part to studies of the effects of basic word processing.

He remarks that researchers need to go further in their investigations, that

is, to investigate the effects of instruction which use a range of technological

tools to support writing.

Mann, William C., Hurren, Dianne, Charvat, Barbara, and Machiko

Tomita.  1996.  “The Use of Phones by Elders with Disabilities:

Problems, Interventions, Costs.” Assistive Technology.  8 (23): 23-33.

This article details the findings of the Consumer Assessments Study (CAS),

which was conducted by The University at Buffalo Rehabilitation

Engineering Center on Ageing.  A study on the use of assistive technology

and home modifications by disabled elders, CAS aimed to better

understand the problems some elders encounter when they attempt to

meet their needs with the use of telephones.  Of a sample of 354 disabled
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elders, use of the phone was somewhat inaccessible for 35 (or just less than

10%) of them.  Of the 35, 22 were randomly selected to take part in an

assessment of these barriers and phone set-up in their homes.  New

equipment was provided to 19 of these individuals (2 refused equipment).

After 6 weeks, all of the individuals were satisfied with the intervention.

After 6 months, 95% expressed satisfaction.  Phone usage by these people

had increased by 50%.  The authors report that the average cost of

equipment was $70.45, although the cost of personnel time was significantly

higher.  The article makes recommendations with respect to system or

product changes that could ameliorate phone-related problems for this

group of people. 

Miller, Brita and Jimmie Shreve.  1994.  “Strategies and

Accommodations.” Presentation handout at the 1994 LDA and Rebus

Conferences in Northern California.

This easy-to-understand handout accompanied a presentation by Brita

Miller and Jimmie Shreve.  It lists five major functional areas that are

affected by people with specific learning disabilities.  Possible strategies and

accommodations are also listed as well as some overall helpful hints.

The five areas are:

1. Auditory Processing

2. Visual Processing

3. Spatial Relations

4. Written Language

5. Time Management

Morrow, Daniel G., Carver, Lisa, Leirer, Von O., and Elizabeth Decker

Tanke. 1998a.  “Age differences in comprehension of health

information.”  Presented at the Seventh Cognitive Aging Conference.

April, 1998.

45 older (average age = 68.6 years) and 48 younger (average age = 18.6

years) adults participated in an evaluation of automated telephone

reminders for health appointments. These messages varied in organization:

they either matched, or did not match, a previously discovered scheme for

appointment information. Messages also varied in length. Participants could

repeat the messages and could take notes.
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An earlier study showed that imposed repetition reduced age differences in

recall of automated messages. This study looked at whether older adults

would monitor their comprehension well enough to take full advantage of

optional repetition.

Everyone listened more times to the less organized messages and to the

longer messages. Older adults listened to the less organized messages more

times than younger adults did.

Older adults used repetition to generate accurate reminder notes. Even so,

they still recalled less than younger participants. This may be because they

were less able to coordinate comprehension monitoring with the extra,

elaborative processing needed to improve memory. Or, it may be that older

adults assumed that they would be able to rely on their notes, and so didn’t

work on ensuring recall.

Measures of cognitive ability were taken: working memory (sentence span),

verbal ability (vocabulary), and processing speed. Processing speed plus

repetition accounted for a significant amount of the variability among

participants. However, further analysis showed that age still predicted recall

even when working memory and note-taking accuracy were taken into

account. This implies that the effects of age were not eliminated by

message repetition and note-taking strategies.

Morrow, Daniel G., Hier, Catherine M., Menard, William E., and Von O.

Leirer. 1998b. “Icons improve older and younger adults’

comprehension of medication information.”  Journal of Gerontology:

Psychological Sciences, 53B (4), 240 – 254.

In two experiments, older adults (59 – 92 years) and younger adults (18 –

30 years) evaluated the benefit of iconic medication timelines when added

to well-designed text instructions. Previous research led to the timeline

design and to the list format of the instructions.

Two versions of the timeline were tested. One illustrated the total number

of pills to be taken each day. The other required the reader to integrate

two parts of the icon: for example, a “two pills” graphic and a “four times a

day” timeline. The integrated timeline improved both older and younger

adults’ comprehension of implicit dose and time information, compared to

text-only instructions; the nonintegrated timeline didn’t. 

The integrated timeline did not reduce age differences in comprehension of,

or memory for, the information. However, older adults had particular

difficulty with the nonintegrated timeline. This suggests that icons which

increase integration demands (drawing inferences) may penalize older

adults. Participants also preferred the integrated timeline.
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The authors conclude that the degree of explicitness of information is more

important than the difference between icon and text formats. They also

reject repetition, dual-coding, and motivational explanations of their results.

They explain their results in terms of participants’ creation of a situation (or

mental) model.

Older participants needed more time than younger participants in order to

draw inferences, and they required more study time in order to recall

equivalent amounts of dose and time information. In Experiment 1, older

participants spent more time studying instructions when the icon was

present, perhaps adjusting their study strategies in response to external

support.

Measures of cognitive ability were taken, such as verbal ability (vocabulary),

spatial ability (object rotation), and, in Experiment 2, working memory

(sentence span). Hierarchical regression analyses show that cognitive ability,

not age per se, predicts participants’ performance on these tasks.

Morrow, Daniel G., and Von O. Leirer (in press).  “Designing

medication instructions for older adults.” In D. Park, R. Morrell, & K.

Shifren (Eds.), Processing of Medical Information in Aging Patients.

Mahwah, NJ: Lawrence Erlbaum, 249-265.

This review article covers the authors’ previous work on a cognitive

approach to designing medication instructions. 

1. Designing expanded instructions. 

Effective communication helps people create medication adherence

plans. Remembering to take medication in the future, a prospective

memory task, depends on understanding the information

(comprehension) and remembering it (retrospective memory). Beliefs

about one’s health, one’s cognitive abilities, or one’s ability to

influence events also affect adherence, but aren’t examined here.

Working memory (WM) is a key cognitive component. It’s a mental

workspace for storing and processing new information, integrating

new information into one’s existing situation (or mental) model. WM

is thus necessary for comprehension. Instructions that require

inferring, reorganizing, or integrating multiple sources of information

place heavy demands on older adults, since WM and speed of

processing decline with age.
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Well-designed instruction may reduce age differences. The authors

have examined the effects of content (complete information),

organization, and presentation medium (text, icons, speech). The

effect of form (explicit, nontechnical language) is also noted.

2. Laboratory studies.  

A literature review suggested 10 components of expanded

medication information. Older and younger adults organized those

components into the same scheme, or schema, with three categories:

general information; how to take the medication; possible outcomes.

Experimentally, use of this scheme increased recall 13 – 20%. Older

adults better understood and remembered lists than paragraphs, but

headers didn’t increase memory. (Headers might be effective for

more complex information.) The list format reduced differences in

comprehension time and particularly benefited the oldest (> 70

years) participants.

Both older and younger adults better remember expanded

instructions than medication labels, even when multiple instructions

were studied. The size of the age difference was not increased by

multiple instructions.

Research on icon vs. text format (see summary of Morrow et al.,

1998b) and spoken instructions (see summaries of Morrow et al.,

1995, 1998a) is discussed.

3. Adherence.

Expanded instructions did not improve adherence in a simulated

(barcode-swipe) adherence study, even though multiple medications

were “used.” Overall simulated adherence was already higher than

normal; also, participants in the label group created their own

external memory aids. People who created their own aids made

fewer errors than those relying on memory, but made more

adherence errors reflecting violations of warning information. It is not

clear whether such aids improve comprehension, prospective

memory, or both. Also, busier people had more omission errors. This

suggests the integration of medication information with other

calendar/reminder systems.
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4. Health communication.

The authors argue that different types of health communication can

be viewed as multiple resources. They provide somewhat redundant,

mutually reinforcing channels of communication with the person

using medication.

Morrow, Daniel G., Leirer, Von O., Andrassy, Jill M., and Elizabeth

Decker Tanke. 1995.  “Designing health service appointment reminder

messages for older adults.” Journal of Clinical Geropsychology, 1 (4),

293-304.

In two experiments, older (60 – 87 years) and younger (20 – 30 years)

adults evaluated automated health appointment reminder messages. In

Experiment 1, both groups sorted and ordered 7 message components, and

a common scheme for organization emerged. The groups also tended to

agree on which items were critical (what, why, when, where) vs. optional

(what to bring, who to call, outcomes). Adults with more education had

more standard appointment schemes.

In Experiment 2, older adults listened to messages that were organized or

scrambled, and that were repeated, or not. Both organization and

repetition improved recall. Scrambled items tended to be recalled in an

order closer to that of the scheme. Participants preferred the organized

messages.

Measures of cognitive ability were taken: auditory and visual working

memory (sentence span) and verbal ability (vocabulary). Working memory

had the greatest effect on recall, but there was no difference in its effect on

organized vs. scrambled messages. Age had a much smaller effect on recall

once working memory was accounted for.

Nielsen, Jakob. 1993. Usability engineering. San Diego, CA: Academic

Press.

This is a reference and textbook on the user-centered design process. As in

Shneiderman (1992), many of the general usability guidelines (“heuristics”)

will be familiar to readers of accessibility guidelines. The design processes

outlined here are used widely in industry. Nielsen and others have long

been advocates of rapid, low-cost evaluation. This includes expert

inspection of interfaces. It also includes “discount” usability testing: small

tests with 3-6 people that quickly identify major interface problems.
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Nielsen, Jakob. 1995.  Multimedia and hypertext: The Internet and

beyond. Boston: AP Professional.

Relevant sections for this report are the chapters on hypertext usability,

techniques for navigating large information spaces, strategies for coping

with information overload (including relying on the opinions of trusted

others), and multimedia authoring. Nielsen has a forthcoming book,

Designing excellent websites: Secrets of an information architect. Expect it

to contain research and experience on creating usable websites, not just

attractive ones.

Nielsen, Jakob. 1996. “Accessible Design for Users with Disabilities.”

SunSoft.  Http://www.sun.com

Nielsen asserts that making the web more accessible for users with various

disabilities is to a great extent a matter of using HTML the way it was

intended: to encode meaning rather than appearance.  He examines

accessible design of the web for people with visual, auditory, motor and

cognitive disabilities.

Cognitive disabilities.  He does not refer to below-average intelligence to

define cognitive disabilities. He acknowledges that cognitive disabilities have

not been the focus of user interface research to the extent that physical

disabilities have.

In the area of spatial reasoning skills and short-term memory capacity, he

recommends simplified navigation.  While this helps all users, it is a required

enabler for people having difficulty visualizing the structure of a site.  A site-

map with the path of the navigation and the location of the current page

needs to be incorporated in the design.   

Users with dyslexia may have problems reading long pages and will be

helped if the design facilitates scan-ability by proper use of headings.

Selecting words with high information context as hypertext anchors will

help people with cognitive disabilities (as well as blind users) scan for

interesting links (no “click here”, please).  

Search user interfaces require correct spelling.  Nielsen recommends

search engines to include a spelling checker; other ideas from advanced

information retrieval like query-by-example and similarity search can also

help.
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Nussbaum, Bruce, and Robert Neff. 1991. “I can’t work this thing!”

Business Week, April 29,1991: 58 – 66.

This is a cover story on creating more usable consumer products, especially

electronics. Most useful is the side-by-side comparison of pairs of VCRs,

remote controls, telephones, and photocopiers. One item in each pair has

many functions, sometimes badly displayed; the other is relatively

streamlined. The claim is occasionally made that the more streamlined

product – the one with fewer functions – is “all you really want.” 

Park, Denise C. 1992. “Applied cognitive aging research.” In F.I.M.

Craik and T.A. Salthouse (Eds.), The Handbook of Aging and

Cognition. New Jersey: Lawrence Erlbaum Associates. 449-491.

Park first summarizes theoretical research on cognitive aging. She focuses

on studies representing two perspectives: studies of training that emphasize

the ability of older people to change their cognitive performance, and

studies of intervention (redesign) that emphasize changing the environment

to accommodate elders’ decreased capacities. Park then reviews two areas

of applied cognitive aging research: medication adherence and job

productivity.

Training research posits the existence of “reserve capacity” which both

young and old adults can bring into use (Baltes, Dittmann-Kohli, & Dixon,

1984). Cognitive training work has focused primarily on psychometric

abilities such as inductive reasoning and spatial orientation. Relatively brief

training sessions (10 hours or less) have been shown to improve speed and

error rates. However, several problems with the concept of reserve

capacity, and its measurement, remain. The definition may be circular.

There are individual differences in ability to benefit from training. Reserve

capacity may be several abilities, not one, and its relationship to working

memory is not clear. Finally, this research has focused primarily on healthy,

high-functioning older people.

The research on age differences in cognition shows that most cognitive

processes decline with advanced age when task difficulty is great enough for

these effects to emerge. Processes that decline with age include:

■ attentional processes

■ working memory

■ discourse comprehension

■ inference formation and interpretation
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■ encoding and retrieval processes.

Areas that decline less, or not at all, include:

■ semantic priming tasks (word/concept association)

■ picture recognition

■ implicit memory

■ prospective memory (remembering to do something in the future)

■ highly practiced or expert behaviors.

Three theoretical explanations for age differences are:

■ limited processing resources: less energy for controlled or effortful

cognitive processes in working memory.

■ age-related slowing, both in learning and in performing tasks

■ failure to inhibit: attending to irrelevant detail, cluttering up working

memory with information that interferes with the task 

The “limited resources” literature points to design changes that minimize

use of cognitive faculties that decline with age (attention, working memory,

and so on) and maximize use of faculties that are age invariant (semantic

information, picture memory, and so on). This literature also has one

notable study comparing recall performance of low-income, inactive elderly

people with that of low-income active elderly, upper income active elderly,

and young active adults. More structured cues helped to close the gap: the

most disadvantaged, worst performing group made the largest

improvements in recall (Craik, Byrd, & Swanson, 1987). Training appears

less promising than redesign. Older adults could benefit greatly from

automatizing behaviors so they require fewer processing resources, but

older adults are much slower than young people to acquire automatization

(Fisk, McGee & Giambra, 1988).

Age-related slowing is more severe for complex, ill-defined tasks, even

when older adults have unlimited time to learn. Training can improve

reaction time in older adults but does not eliminate the age difference.

Less is known about failure to inhibit. In particular, it’s not clear what quality

of stimuli are especially distracting. It may also be that for older adults,

distraction matters more during encoding than retrieval.

How can the two types of research, training and intervention,  be applied?

Training has the potential of affecting basic, general cognitive processes, but

older adults tend to be sensitive to context (or to the wrong aspects of

context) and may not generalize the training. Environmental support – that
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is, redesign – tends to be more task specific.

Park summarizes medication adherence research, including that of Morrow

and colleagues (abstracted elsewhere in this report). In one study of long-

term memory, older adults recalled less medication information than

younger adults, even when allowed unlimited study time; older adults did

not study longer to compensate for age-related declines in memory

(Morrell, Park, & Poon, 1989). External reminders such as automated voice

mail and postcards increase adherence (Leirer et al., 1989). Well-designed

medication organizers, when combined with written organizational charts,

help close the gap in adherence between young-old and old-old adults (Park

et al., in press). Training may be a less fruitful approach.

Park then summarizes work performance research. The relationship

between age, experience, and performance is complex. The benefits of

experience may show up most clearly in early years, and for low-

complexity jobs (McDaniel, Schmidt, & Hunter, 1988). Cognitive ability,

particularly working memory, may be the best predictor of work

performance when the worker is in “transition,” acquiring new information

or learning new procedures. “Maintenance” periods – which may extend

over years of experience – make fewer cognitive demands (Murphy, 1989).

Integration of information and complex decision components is more

difficult for older management teams (Steufert et al., 1990). 

Older adults may not show deficits in performance if the new information,

however complex, fits into already well-learned schemas. Older managers

were better at evaluating the value of information, a potentially good

example of wisdom (Birren & Fisher, 1990). One could argue that older

high-level workers already rely on environmental supports: they hire staff to

search for information and keep their schedules, while using their hard-won

expertise to exercise judgment and organize procedures.

Park raises methodological issues. Adults 65 and older, and particularly

those older than 70, have not been studied as extensively in the work

literature. Women are also underrepresented. Finally, Park would agree

with Egan and Gomez (abstracted elsewhere in this report) about the need

to analyze tasks and user characteristics: “The determination of what the

cognitive components of complex real-world behaviors are is a challenging

task, and its difficulty should not be underestimated.” (p. 486)

Raskind, Marshall, H. and Eleanor L. Higgins.  1998.  “Assistive

Technology for Postsecondary Students with Learning Disabilities: An

Overview.” Journal of Learning Disabilities, 31, 1: 27-40.

The writers observe that Blalock (1981) asserted that between 80% and
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90% of adults with learning disabilities exhibit difficulties with written

language.  Among others, Collins (1990) and Primus (1990) found that word

processors provided valuable assistance to people with LD who have

written language difficulties.  In many cases, these include difficulties with

spelling (Johnson, 1987; Vogel and Moran, 1982).  The use of spellcheckers

which are generally included in word processing programs can

accommodate this sort of learning disability.  In addition, battery-operated

stand-alone spellcheckers are available in desktop and pocket sizes.  Basic

units verify and correct spelling on a liquid crystal display (LCD); others also

provide dictionaries and thesauruses.  Some of these units are equipped

with speech synthesizers, and range in price from approximately $30 for

basic checkers to $500 for more sophisticated units with speech

synthesizers.   All of these products are relatively simple to use and

generally require no more than 15 minutes to 1 hour to learn to operate.  

Individuals with written language difficulties could also benefit from the use

of proof-reading programs.  These software programs scan word

processing documents and alert users to probable errors in grammar, word

usage, structure, spelling, style, or capitalization.  Most of these programs

allow one to mark the error or mark the error and attach an editorial

reminder for the future with it.  

The authors point out that outlining programs, which are included in most

standard word processing programs, can be useful to many people with LD,

who have difficulty organizing a paper with regard to topics, categories, and

sequence (Johnson, 1987).  Generally speaking, the user types in any idea or

specified topic without regard to overall organization.  With a few

keystrokes, the outlining program automatically creates the Roman

numerals for major headings and letters and numbers for subordinate

headings.  Ideas that are related, or that seem to go together, provide the

basis for major headings or categories.  These programs also enable users

to limit what is on-screen to facilitate an overview of the document, as well

as to select a particular document in order to view the details under it.  

Programs such as Inspiration exist that have graphic capabilities that can

facilitate brainstorming inasmuch as they enable users to create a diagram of

their ideas (semantic webs, “mind maps,” cluster diagrams) prior to

formulating an outline.  The authors write that outlining programs and

graphic organizers usually require about 1 to 3 hours of practice before

they can be used with any degree of proficiency.  “Add-on” outliners are

available for approximately $100 and $400.  Graphic organizers are priced

at approximately $90.  Abbreviation expansion, used in conjunction with

word processing, allows users to create their own abbreviations for

frequently used words, phases, or standard pieces of text, and thus save

keystrokes and ultimately time.  The authors note that this is important to
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consider since some LD students take longer  to complete tasks than their

non-disabled peers (Blalock and Johnson, 1987).  

Speech recognition computers can be especially helpful to individuals with

LD whose oral language exceeds their written language abilities (King and

Rental, 1981; Myklebust, 1973).  When used in conjunction with word

processors, sophisticated speech-recognition systems enable users to

dictate to the computer at 40 to 70 words per minute, converting oral

language to written text.  Training LD students how to operate these

systems independently takes about 2-3 hours.  The cost of speech-

recognition systems ranges from about $100 to $1,000.  Screen-reading

programs (e.g., SoundProof), specifically designed for individuals with LD,

which simultaneously visually highlight words as they are spoken, are now

available also.  Commercially available speech synthesizers vary greatly in

price from approximately $100 to $1,000.  Screen-reading programs

appropriate for use by postsecondary students with LD run from between

$200 and $500.  The amount of time required for training LD students on

these programs also varies; however, most students can learn to operate

them adequately within 1 hour.

Word prediction programs can assist postsecondary students with LD for

several reasons.  They are: first, the program minimizes the number of

keystrokes required to enter a word; second, the program acts as a spelling

aid which automatically spells the word out, and the user need only

recognize the word within the list; third, since these programs utilize

grammatical rules to predict words, students with syntactical difficulties

might find them useful; fourth, those with word-finding difficulties could find

that the word list acts as a prompt, which cues them to the appropriate

word.  Cutler (1991) has argued that the word list might be distracting, and

might make some students work slower.  Word prediction programs

require no more than an hour to learn and cost about $300.  OCR systems,

“book-edge” scanners, and automatic document feeders can assist

individuals with LD who do not exhibit difficulty comprehending spoken

language, but have problems understanding language in the written form

(Hughes and Smith, 1990).  OCR systems are of two basic types: stand-

alone or PC based.  Stand-alone systems have all components (including

scanner, OCR software/hardware, and speech synthesizer) built into one

device.  The PC-based systems consist of a number of components (full-

page or hand-held scanner, an OCR board and/or software, and a speech

synthesizer that are connected to a PC.  Several systems, designed

especially for people with LD (e.g., Xerox’s BookWise, Arkenstone’s Open

Book, Kurzweil’s Omni), simultaneously highlight words as they are spoken

back.  The cost of OCR systems varies widely, ranging in price from $2,000

to $5,000 (excluding computer).  The authors remark that the speed and

accuracy of the low-end machines might be inadequate for post-secondary
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students with LD.  Several of these systems can be used quite effectively

after merely a couple of hours of instruction.  

People with LD, who often have difficulty managing and organizing personal

information, can use personal data managers to prioritize activities,

remember important dates/deadlines, and record and access names, phone

numbers, and addresses.  Data managers are available as software programs

as well as self-contained hand-held units and allow the user to easily store

and retrieve vast amounts of personal information.  The authors note that

several newly released pocketsize data managers (e.g., Voice Organizer and

VoiceIt) allow users to enter and retrieve data by speaking into the device.

Stored data are spoken back in the user’s own voice.  Typical features of

data managers are: monthly calendars, daily schedules/planners,

clocks/alarms, and check registers/money managers.  Data managers range

in price from about $20 to $250, requiring about 15 minutes to 2 hours to

learn to use.  Free-Form databases can also provide valuable assistance to

individuals with organizational and/or memory problems.  These software

programs work with computers and can be thought of as “computerized

Post-It” note systems.  They are memory resident and can be activated

while in a word processor or other program simply by pressing a “hot key.”

These programs are used like sticky notes or scraps of paper to jot down

important information.  Notes are retrieved by typing in any piece of the

information contained in the note.  These programs cost about $100  and

can be mastered within 2 hours.  

Research has been conducted on the use of optical character recognition

with speech synthesis, as an assistive tool for students with dyslexia.  Elkind,

Black, and Murray (1996) found that the technology enhanced reading rate

and comprehension of most of the participants.  The technology increased

the length of time that students were able to sustain attention to reading.  

A comprehensive 3-year study on assistive technology for post-secondary

students with LD was conducted by the Center on Disability at CSUN.  In

the first year, the effectiveness of three technologies was investigated:

OCR/speech synthesis as a reading strategy, speech synthesis/screen review

as a proof-reading strategy, speech recognition as a writing strategy.  In

years two and three, changes in academic outcomes, behaviors, and

attitudes as a result of assistive technology were studied.  The cost

effectiveness of these technologies was also investigated in the final year of

the project.           
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Raskind, Marshall H., Eleanor L. Higgins, and Kenneth L. Herman

(1997) “Technology in the Workplace for Persons with Learning

Disabilities: Views from the Inside.” Learning Disabilities and

Employment. Edited by Paul J. Gerber and Dale S. Brown,  eds: 307-

330.

An ethnographic approach was take with 5 individuals  1 woman, 4 men all

Caucasian ranging in age from 32 - 60 years.  Each person discusses the

assistive technology (AT) they use for their specific learning disability in the

workplace.  Not all of the AT involves telecommunications.  The following

is a list of relevant telecommunication tools used.  Specific technical

adaptations were not discussed.

1. E-mail set up so that it can be read to the user (via computerized

speech).

2. Telephone directory and dialer software that is “multi-tasked” with

other software such as calendar (that has prioritization, scheduling,

outlining and note-taking capabilities,) e-mail, a tape recorder for

voice mail and word processing with an integrated outliner and spell

checker.  This is important when it comes to short-term memory

issues.  The user is able to organize all information — telephone

numbers, notes on telephone conversations, and appointments

through one system.  E-mail also is used within this system.

3. Using a function key vs. a mouse for pointing and clicking on an icon

is easier.  This is due to directionality and orientation difficulties.

4. One participant prefers to use-voice mail over e-mail due to the

“chance that I will make some kind of grammatical or spelling error.”

5. In using the computer — uses software that increases the thickness

and height of the characters on the computer screen “so that they

are easier to read”.

6. Another participant has a sophisticated cellular phone, voice mail and

speech recognition system installed in his car.  Just by saying

someone’s name, the system automatically dials the number.  The

system is connected to a voice mail/computer system in the trunk of

his car.

7. One participant uses satellite navigation technology to assist him with

his driving.  The system (which interfaces satellite systems with a

computer/CD ROM in the trunk of his car) automatically shows a

driver via an electronic display the best route to reach a destinations,

and reroutes the driver as necessary. A most useful feature is “If you

make a right run, but should have gone left, it tells you that you made
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a mistake ... in a voice. if a person has difficulty reading street signs,

the system will at least tell them if they are going in the right

direction.”

8. One out of the five participants preferred the graphic-oriented

Macintosh programs because there were no commands needed to be

memorized or sequential steps executed in order to effectively

operate them.

Raskind, Marshall, and Neil Scott.  “Technology for postsecondary

students with learning disabilities.” 242.

A grid, showing how various assistive technologies address 6 functional

areas that are difficult for people with learning disabilities (written language,

reading, organization, memory, listening, math). Most of the tools help with

language, both writing and reading.

Writing Reading Org. Memory Listen. Math 

Word
X
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Spell
X
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Proof
X
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control recorders

Listening aids X

Talking calculators X
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Raskind, Marshall, and Tobey Shaw. 1998. “Assistive technology for

individuals with learning disabilities.”  

Web: http://www.dinf.org/csun_99/session1002.html

Details of the research review are found in Raskind and Higgins (1998;

abstracted elsewhere in this report).

Assistive technologies for people with learning disabilities include:

■ Word processors, speech synthesis/screen review systems, spell

checkers, word prediction programs, speech recognition systems,

outlining software and semantic mapping programs for difficulties in

writing.

■ Optical character recognition/speech synthesis programs, books on

audiotape, and “books on disk” (combined with speech synthesis) for

reading problems.

■ Talking calculators and math processors for math difficulties.

■ Electronic personal data managers, free form databases, and tape

recorders for memory and organizational difficulties.

■ Personal FM listening systems and variable speech control tape

recorders for listening problems.

A personalized approach to selecting assistive technology is recommended.

The individual, the specific task, the specific technology, and the specific

contexts of interaction each make a difference, and these factors interact.

Reid, D. Kim, Hresko, Wayne, and H. Lee Swanson. 1991. A Cognitive

Approach to Learning Disabilities. 27-29; 151-152.

The excerpts here provide some statistics and some specific information on

capabilities of people with LD. The entire book may be useful for further

research if one has specific hypotheses in mind.

In a sample of 242 children with LD aged 8 through 12, 96% of them

showed some kind of communication disorder, with 91% showing general

difficulties in oral language. Note that this estimate is much higher than that

of Lyon (1994, cited in Cramer & Ellis, 1996). Lyon estimated that 75-80%

of LD special education students have basic deficits in language and reading.

Several studies suggest that LD individuals do not have the same level of

oral communicative competence as people without LD. The difference is

subtle; it shows up in aspects such as strategy usage and at school

(Mathinos, 1988; McCord & Haynes, 1988). No further information on the
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cognitive mechanisms underlying this difficulty is given here.

LD students with reading problems frequently have slow lexical access,

thereby decreasing attentional capacity and comprehension. As they grow

older, this results in cumulative deficits in knowledge and language

acquisition (Snider & Tarver, 1987).

Both mathematical reasoning and arithmetic computation are problems for

people with learning disabilities. Computational difficulties have been linked

to deficiencies in internal data manipulation and memory (Houck et al.,

1980). In mathematical reasoning, children with LD may have difficulty

applying mathematical operations or in generalizing them to practical

contexts. The disability becomes more apparent as cognitive load increases

– that is, as the reading level of word problems becomes more complex,

irrelevant information is introduced, key words are not evident, and more

steps are required to get to the solution.

A study using a sentence span test plus comprehension measures indicates

that LD readers’ working memory deficits were greater than those of

nondisabled readers.

Riviere, Adrienne.  1996.  “Assistive Technology: Meeting the Needs of

Adults with Learning Disabilities.”  National Adult Literacy and

Learning Disabilities Center.  A Program of the National Institute for

Literacy.

Riviere emphasizes that in order to meet the needs of learning disabled

individuals, it is necessary to determine the functional limitation of the

disability, that is, how it hinders the individual’s performance within a

defined setting, and then identify appropriate accommodations.  

Along with “low-tech” devices such as, highlighters, and index cards, Riviere

recommends these high-end technologies as assistive devices and

approaches that enable learning disabled individuals to get organized, stay

organized and on-track, and make work and assignments more manageable

to them: 1) voice-activated day planners which operate with voice-input

technology; 2) software programs, such as personal data managers which

include (for example) monthly calendars, daily schedulers and planners,

clock with alarms, “to do lists,” telephone directories, and check registers,

as well as free-form data bases that enable users to create their own notes

of any length, on any given subject, and which one can retrieve by typing in

any piece of information contained within the note, and organizational

software tools that can assist writers who would benefit from a visually-

oriented system of organizing.  
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Some individuals with learning disabilities have difficulty auditorily

processing information, e.g., misunderstand verbal remarks, do not readily

discriminate between similar words and various letter sounds, and need

information repeated.  In order to accommodate these disabilities, Riviere

suggests (for example): 1) CART (Computer-Aided Realtime Translation),

which is used in group meetings, such as workshops, classroom settings,

on-the-job training; 2) multimedia/multisensory approaches that combine

audio and visual information, including reading machines that combine voice

output/voice synthesizer, video tapes that include closed captioning, taped

textbooks used in conjunction with printed textbooks, and talking

keyboards.

With respect to the difficulty that some learning disabled individuals

encounter visually processing information (e.g., perceiving words

incorrectly), Riviere recommends the following: 1) software programs that

enable users to change backgrounds, text colors, and font sizes; 2) on-

screen keyboards and keyboards that speak; 3) talking, large print browsers

that allow people with visual processing difficulties to search the Internet; 4)

books on disk that can be enlarged and used with voice output; 5) scanners

and scanned material used with voice output.

For people whose learning disabilities affect their abilities to do math,

Riviere suggests these devices and approaches: 1) hand-held talking

calculators that vocalize data and resulting calculations; 2) special-feature

calculators that enable one to select speech options to speak and

simultaneously display numbers, functions, entire equations, and results; 3)

on-screen computer calculator programs with speech synthesis; 4) large-

screen displays; 5) big number buttons and large keypads; 6) CAI

(Computer-assisted instruction) math courses, which reinforce learning

with voice output.

For learning disabled individuals who require accommodation with the

activity of reading, Riviere identifies these devices and approaches: 1)

optical character recognition (OCR) systems, which input printed material

into a computer via a full-page or hand-held scanner, and display on the

computer screen the information inputted; 2) hand-held wands that scan

particular words and phrases with in combination with voice output create

“reading machines;” 3) books on computer disc and books on tape, the

latter of which are available through Recordings for the Blind and Dyslexic,

Inc. (RFB &D) and the National Library Service for the Blind and Physically

Handicapped (NLS), Library of Congress, and the former of which, available

through RFB&D, consist primarily of reference material, which can be used

on a PC with adaptive equipment, such as screen readers and speech

synthesizers; 4) CD-ROM discs and on-line services, which provide

numerous resources to those whose reading difficulties pose remarkable
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challenges in research activities.

The assistive software programs (many of which are available with voice

output) that Riviere identifies are: spell-checkers, dictionaries, thesauruses,

grammar and proofreading software programs, template-producing

software, brainstorming and outlining programs, concept-mapping or

webbing applications, word prediction or word completion programs, and

abbreviation expansion programs.

Rogers, Wendy A., and Arthur D. Fisk. 1997. “Automatic teller

machines: Design and training issues.” Ergonomics in Design, 5, 4-9.

In general, ATM users are more educated, younger, earn more and are

more willing to use other types of technology than the population as a

whole (Rogers, Cabrera, Walker, Gilbert, & Fish, 1996). However, all ATM

users report problems with the machines that could be viewed as universal

design issues: seeing the screen, putting the card in the wrong way, and

having the machine respond too slowly. Older users (65 – 91 years)

reported problems getting the amount of money they wanted and

understanding what to do on an ATM.

Non-cognitive factors also affect people’s decision to use or not use an

ATM. Safety was mentioned by both older and younger people surveyed.

There may also be social reasons that some older adults prefer to deal with

tellers rather than ATMs.

In one study of adults 60 – 80 years old, four types of training were

evaluated (Rogers, Fisk, Mead, Walker, & Cabrera, 1996). Training types

were: online simulation/tutorial; detailed text instructions; pictorial guide;

basic text description. Accuracy and transaction times were best for the

online tutorial group, intermediate for the detailed text and pictorial guide

groups, and worst for the description-only group. Across all groups,

willingness to use the ATM went up from 28% to 60%. Just the chance to

practice affected that willingness, regardless of training type. 

However, even with the tutorial, the older adults in this study were only

approximately 60% correct in completing all of the components of each

transaction.

Rose, David. 1998. Report of the Developer Working Group on

Universal Design of Curriculum. CAST.

To achieve the goal that teachers have the instructional materials and

activities that they need in order to succeed with the greatest number of
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students possible, the Developer Working Group recommend that all

developers of instructional materials adopt the concept of universal design

and implement it in their products.

In relation to cognitive issues, they recommend Effective Teaching Strategies

that Accommodate Diverse Learners, Merrill, 1998 by E. Kameenui and D.

Carnine.

The Group also provides First Steps that are compatible with the guidelines

for accessible design prepared for the Telecommunication Act of 1996.  The

fifth step of five is to provide cognitive supports for content and activities.

Their example is: summarize big ideas, provide scaffolds for learning and

generalization, building fluency through practice, provide assessments for

background knowledge.

Science Directorate of the American Psychological Association. 1993.

“Vitality for life: Psychological research for productive aging.  Research

initiatives concerning behavioral solutions for the maintenance of

health and vitality in late adulthood.”

The Human Capital Initiative was a collaborative effort of nearly 70

psychological organizations. It developed a research agenda to help policy

makers in federal agencies decide which critical, practical areas to fund.

This document is a further exploration of the “Aging” section of the

research agenda. (See also Human Capital Initiative Coordinating

Committee, 1993, summarized elsewhere in this report.) The authors

outline 4 research priorities. Information relevant to cognitive aging is

summarized.

1. Understanding how to change behaviors which damage health

and how to maintain behaviors which promote it.

This sections includes a summary of research on medication

adherence and cognitive approaches to designing better information.

(See the current research of Morrow and colleagues, summarized

elsewhere in this report.) Similar cognitive problems exist with

understanding treatment options and life support decisions.

2. Doing more basic and applied research on the oldest-old,

those aged 80 and older.

This segment is the most rapidly growing in US society and the least
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studied. The decline in cognitive skills among this age group is

probably underestimated. Environmental support (design) clearly can

promote independence, but research needs to be translated into

everyday applications. Little is known about the effectiveness of

cognitive training for this group. Driving is an important area for

applied research.

3. Understanding how to maximize and maintain productivity

into late adulthood.

We need to know more about the compensatory strategies older

workers use to stay productive despite declining cognitive processes.

Training is an important area of research. What are the optimal

conditions for older adults? How can employers be assured that

training funds spent on older adults are a good investment?

4. Developing better techniques for assessing mental health and

treating mental disorder in older adults.

There is a brief mention of progress made in understanding

Alzheimer’s; added to this is a recommendation to study other forms

of dementia and to differentiate them from depression.

Sein, Maung K., Olfmann, Lorne, Bostrom, Robert P. & Sidney A.

Davis. 1993.  “Visualization ability as a predictor of user learning

success.” International Journal of Man-Machine Studies, 39, 599-620.

In 5 experiments the authors examine the abilities of users with either high

or low visualization ability  to learn to use three different software

programs (email, modeling/spreadsheet software, and operating systems).

In three of the studies they manipulated training, giving participants either

an abstract model of the system or an analogical one. The hypothesis was

that providing an analogical model would relieve demands on users’

visualization skills as they formed a mental model of how the system

worked. The fourth study looked at the learning of a spreadsheet program

with a direct manipulation interface, which had the potential to minimize

performance differences based on visualization ability. The fifth study

compared file manipulation performance in a command-line interface vs. a

graphical interface.

Participants in the studies were MBA students, undergraduates, or full-time

employees of a company. Visualization ability was measured by the paper-

folding test (Ekstrom et al., 1976).
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The first two studies demonstrated a main effect of visualization ability and

an interaction: analogical models helped participants with low visualization

ability perform nearly as well as those with high ability. Measures included

comprehension, task accuracy, and for experiment 1, task time. The third

study showed only a main effect of visualization ability. This is probably due

to very high task demands; the software used was a command-line financial

modeling package. The fourth study did not manipulate training, but

showed the continued effect of visualization ability on the ability to build an

accurate budget with a direct manipulation interface (DMI) spreadsheet

package. The fifth study compared interfaces directly. Participants

manipulated files and directories, then answered questions about the

commands and their effects. Here again, there were both main effects and

interaction effects. High visuals performed better than low visuals in task

accuracy and comprehension. The DMI interface helped both groups, but

the effect on low visuals was much greater. Comprehension scores were

nearly equal. (Accuracy scores showed the same pattern but the result was

not significant.)

Visualization ability effect persisted for different software and different

users. Low visual participants narrowed the performance gap through

analogical conceptual models, and to some degree also narrowed the gap

through direct manipulation interfaces (for simple file manipulations).

Shaw, Stan F., Cullen, Joseph P., McGuire, Joan M., and Loring C.

Brinckerhoff. 1995.  “Operationalizing a definition of learning

disabilities.” Journal of Learning Disabilities, 28 (9), 586-597.

Although the learning disabilities (LD) field has been converging on a

definition of LD, there has not been a corresponding convergence in how

to measure or assess LD. Arriving at a better operational definition is

particularly important as the demand for special education services (and

funds) increases.

Most measures are based on school performance and do not apply to

adults. The widely used “discrepancy model,” which attempts to measure

some difference between a person’s potential and his or her achievement,

has several problems. It is predicated on school failure; it overlooks the fact

that someone with LD may fail both aptitude and achievement measures;

and it does not address the full scope of LD.

Psychometric measures are used by some states, but Shaw et al. claim they

have “unfortunate outcomes” not enumerated here. However,  there has

been significant progress in using information processing theory as the basis

for developing better measures (Kolligian and Sternberg, 1987; Swanson,

1987). Again, details are not provided here.
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Shaw et al. base their operational definition on that of the National Joint

Committee for Learning Disabilities (see Hammill et al., 1987, abstracted

elsewhere in this report). It has four levels of investigation.

Level I (Intraindividual Discrepancy). Individuals with LD will have

significant difficulties in one or more areas (listening, speaking, reading,

writing, reasoning, math, specific subjects) but will also have relative

strengths in other areas. Individuals with mental retardation will have a

flatter “strength” profile.

Level II (Discrepancy Intrinsic to the Individual). Educators should be

able to identify information processing difficulties: short- or long-term

memory, attention to task, strategic production, strategic learning,

automatization of skills and strategies, or executive control of strategies.

(Specific central nervous system dysfunction is much harder to evaluate.)

These information processing difficulties should explain the Level I

discrepancy. The authors note that students with LD can profit from

instruction that focuses on how to learn (Deshler, Schumaker, Lenz, & Ellis,

1984).

Level III (Related Considerations). Limitations in psychosocial skills,

physical abilities, or sensory abilities are noted. These are not elements of

LD, but will either (a) help with design of an appropriate program or (b)

identify deficits that help rule out LD in favor of another explanation.

Level IV (Alternative Explanations of Learning Difficulty). Here,

alternative explanations are considered. The individual may be unmotivated,

or may be under the influence of a substance.

Shaw et al. show in a chart how LD might be distinguished from mental

retardation, traumatic brain injury, or attention-deficit/hyperactivity

disorder. However, since the chart doesn’t have the LD column – only the

other three – it is particularly difficult to see how LD is distinguished from

TBI and ADHD in Levels II and III.

Shneiderman, Ben.  1992.  Designing the user interface: Strategies for

effective human-computer interaction.Reading, MA: Addison-Wesley.

This is an example of a textbook and reference used by designers and

usability specialists. It contains design principles and guidelines. Many of the

general usability guidelines, particularly those that emphasize reducing

errors, simplifying displays, and providing feedback, are found in others’

accessibility guidelines.
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Steele, Richard D., Weinrich, Michael, Maria K. Kleczewska, and Gloria

S. Carlson.  1991.  “Computer-aided visual communication for severely

impaired aphasics.”  Human-Machine Integration, 1991 Progress

Report, Report 45: 111-112.

The authors point out that alternative communication devices that are

currently available commercially are not designed for people with severe

aphasia whose “inner language” is not intact.   The authors maintain that

picture-based communication systems could be aids to people with severe

aphasia.  The authors claim that although past design of such systems has

not made them sufficiently powerful or convenient to be useful as an

alternative means of communication for people with severe aphasia, C-VIC

(the Computer-aided Visual Communication system) could provide greater

communication leverage for some of them.  According to the authors, the

system enables those people who have been trained on it to achieve levels

of communication that are significantly beyond what they would be capable

of without it.  The C-VIC system is tailorable to individual needs (e.g.,

activities of daily living).  The authors note that research conducted in the

mid-70s showed that people with severe aphasia could learn to use a

picture-based system of communication.  The initial system, Visual

Communication (VIC), was cumbersome and limited in its practical

usefulness.  C-VIC, developed at the RR&D Center, is software which runs

on the Apple Mac and features high resolution text-graphics display, a

window-based interface, control with a mouse, and advanced program

development tools.  The advantages in the overall computer environment

include: 1) multi-modal presentation (including, pictorial, audio, print text,

and voice output); 2) interactively, which allows the computer to provide

feedback, cues, and other assistance; 3) animation, scaling, and entire scene

presentation; 4) programmability, which ensures adaptability for future

applications; 5) natural language translation; 6) automatic documentation,

record-keeping, and reporting capabilities. This article indicates that Tolfa

Corporation in Palo Alto, CA was working under license with Akros

Solutions to commercialize C-VIC technology.  A product named

LINGRAPHICA, which is based on C-VIC, was made commercially available

in February 1991.

Telecommunications Access Advisory Committee. 1999. “Telecom Act

Accessibility Guidelines (TAAG) and Strategies [Working Draft].” 

Web: http://trace.wisc.edu/docs/browser/outline/page1.html 

This compilation of practical design recommendations is currently the most

complete, product-independent list available. Although the document
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comes out of the work of the Telecommunications Access Advisory

Committee (1997, summarized elsewhere in this report), it can be used

equally well in conjunction with the general standards proposed by the

Electronic and Information Technology Access Advisory Committee (1999,

summarized elsewhere).

Strategies for accessibility and usability are divided into: input, control, and

mechanical functions; output, display, and control functions; and

information, documentation, and training. There are also strategies for

compatibility with peripheral devices and specialized customer premises

equipment.

Strategies can be assigned to one of three groups of decreasing importance:

strategies for providing basic access; strategies for overcoming major

usability issues; and other strategies to increase ease of use. The strategies

do not guarantee accessibility. They may conflict with each other or may

not all be relevant for a given product, but they are intended to provide

ideas for designers. 

Within the Input category there is a group of strategies specifically related

to cognitive disabilities. The original document provides more detail than

this summary.

1. Strategies for providing basic access

■ Strategies to reduce reliance on memory 

■ Eliminate difficulties with remembering sequences

■ Avoid simultaneous actions

■ Facilitate data or command entry

■ Automate procedures

■ Provide help facility

Strategies for ensuring that information is understood

■ Provide speech output

■ Make text simple, well-formatted, self-paced

■ Make spoken language short, well-ordered, self-paced

■ Make visual displays cogent; integrate graphics

Strategies for ensuring that controls can be identified

■ Use varying sizes, shapes, textures, color codes
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■ Label controls clearly; provide room for customized labels

■ Use voice output or audio direction to identify controls

■ Use universally recognized tactile shapes

Strategies for making control operations easier to understand

■ Use standard, simple layouts for controls

■ Follow movement stereotypes

■ Use goal/action structure for menu prompts

■ Use sequential numbers for numbered menus/lists

■ Tab in a consistent, logical order between objects

■ Avoid controls which are dual purpose or which are gang mounted

(multiple controls joined together)

Strategies for avoiding hazardous situations

■ Provide automated timed shut-off

Operable without time-dependent controls

■ Minimize impact of timed responses and time limits

■ Strategies for dealing with temporally presented information

2. Strategies for overcoming major usability issues

Strategies to reduce accidental activation of controls and help to

ensure that the desired control is activated instead

■ Use a two-step select & confirm

■ Use a talking touch and confirm mode

■ Provide ability to back up, erase, & rerecord speech

■ Provide ability to cancel, back up, or undo actions

■ Leave adequate space between and around keys

Strategies to assist in locating controls from memory or to simplify a

search for a function

■ Break up large groups of keys with landmarks
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■ Layer controls and menus by frequency of use

■ Locate controls near what they control

■ Sequence controls in order of actions

■ Cluster controls of similar functions

Strategies to reduce the number of controls

■ Layer controls and menus

■ Minimize number of steps

■ Make the product self-adjusting 

Strategies for providing indication of control activation and operation

■ Provide graphical feedback

■ Provide indicator lights or messages

■ Provide tactile feedback

Strategies for making settings or status of controls easier to understand 

■ Provide simple, concrete (graphic) indicators

■ Use absolute rather than relative controls

■ Provide visual/audio feedback

■ Use moving pointers and stationary scales

Strategies to ensure that messages important to operation are not

missed - especially if not understood the first time

■ Repeat messages periodically if user does not respond 

■ Emphasize priority information, key words, warnings 

Strategies to facilitate connection or insertion of objects (connectors,

media, plugs, jacks, cards, etc.) 

■ Specify whether object should be inserted or dipped (briefly

inserted and quickly withdrawn)

■ Provide orientation independent receptacles

■ Use wireless connections
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■ Tactually and visually mark identity and orientation

■ Ensure that an object can’t be inserted incorrectly

■ Provide simple self-guiding/orienting features

■ Put controls/slots where they are easy to see and reach

3. Other strategies to increase ease of use

■ Contrast keys with their background

■ Avoid color combinations which cause color confusion

■ Provide pointing device gain adjustment

■ Reduce system lag or response

■ Provide defaults and an easy way to re-establish them

■ Help ensure that the product is accessible out of the box

In the Output section, there are no disability-specific sections. Among

those that are relevant to cognitive disabilities are:

■ Availability of visual information

■ Access to moving text

■ Availability of auditory information

In the Information, Documentation, and Training section there are many

recommendations on simplifying information presentation, complexity, and

organization.

In the Compatibility and Specialized CPE section, the requirements affect

people with cognitive disabilities who use such devices, such as AAC

equipment.

Telecommunications Access Advisory Committee.  1997.  Final Report.

“Access to telecommunications equipment and customer premises

equipment by individuals with disabilities.” 

Web: http://www.access-board.gov/pubs/taacrpt.htm

This report contains the recommendations that the Telecommunications

Access Advisory Committee (TAAC) made to the Architectural and

Transportation Barriers Compliance Board (Access Board).  The Access

Board convened the TAAC to assist with the fulfilment of its mandate under
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the Telecommunications Act of 1996, Section 255, which was an

amendment to the Communications Act of 1934.

The General Performance Guidelines (Level 1) define the overall goals that

manufacturers should attempt to achieve when they design their products.

Although they do not instruct how these are to be achieved, they define

what is intended by the clause “access to the widest range of people.”  

According to Section 255, manufacturers must ensure that products be

useable, accessible, and/or compatible with others, if this goal is readily

achievable.  The TAAC guidelines allow that cases will arise in which

manufacturers might not be able to achieve the creation of a single product

which addresses the accessibility requirements of all or some combinations

of disabilities without compromising product usability.  Nevertheless,

Section 5.3.1.9 (I-9) of the guidelines, Language and Cognitive

Requirements, offers the following recommendation:

Guideline: Where readily achievable, product input, control and mechanical

functions shall be fully operable via at least one mode that minimizes the

cognitive, memory and learning skills required of the user to operate the

product.

Rationale: Many individuals have reduced cognitive abilities whether from

birth, accident/illness, or aging.  These include reduced memory,

sequencing, reading, and interpretative skills.

Trace Research Center. 1996a “Problems with ATMs”

Web: http://trace.wisc.edu/docs/smartcards/atm.htm

The Trace Research Center has constructed a grid which represents the

ways that ATMs can be inaccessible to various populations.  This chart is a

ten by ten entry grid with two axes, one of which is labeled with ten

possible problems that people might encounter who use an ATM, the other

of which is labeled with ten different disabilities.  People who are disabled

in these ways will have some degree of difficulty when they attempt to

access an ATM.  The problems that one might encounter are assessed

according to three levels of difficulty, that is, someone might experience: 1)

few problems; 2) some problems; or 3) many problems.  The following

evaluations are located on the former axis.

With respect to locating the ATM, those who will encounter a few

problems in doing so are people with reduced co-ordination or dyslexia and

those with intellectual impairments will experience some problems.

Technology is available to accommodate the latter group.

When accessing an ATM, people with reduced co-ordination, dyslexia, and
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those who are intellectually disabled will face a few problems.  Technology

is available to accommodate all of these people.

Reading the instructions given at ATMs will pose a few problems for people

with reduced co-ordination, some problems for people with dyslexia, and

many problems for people who are intellectually impaired.  Technology

exists to accommodate each of these groups.

The task of inserting the card will pose a few problems for people who are

dyslexic, some problems for people who are intellectually impaired, and

many problems for people who have reduced co-ordination.  Technology

exists that can accommodate those in the latter two groups.

Reading the screen will pose a few problems for people who have reduced

co-ordination, and some problems for people who are intellectually

impaired or have dyslexia.  With the exception of those with reduced co-

ordination, technology is available to accommodate these individuals.  

Use of the keyboard will present a few barriers to people who have

dyslexia, and some to people who are intellectually impaired, or who have

reduced co-ordination.  

When using the touchscreen, people who have dyslexia, reduced co-

ordination, or are intellectually impaired will encounter some problems.

Technology exists that can alleviate the problems that people with dyslexia

encounter in the performance of this task.Retrieving the money from the

machine will pose a few problems for people who have dyslexia or who are

intellectually impaired and some problems for those who have reduced co-

ordination.Reading the receipt will present a few problems for those with

reduced co-ordination and some problems for those who have dyslexia, or

who are intellectually impaired.

Removing, or retrieving, the card from the machine will pose problems for

people who have dyslexia, or who are intellectually impaired, and some

problems for people who have reduced co-ordination.  Assistive technology

is available for the latter group.

Trace Research Center.  “Problems with automated ticket and

information services on public transport.:” 

Web: http://trace.wisc.edu/docs/smartcards/transport.htm

The Trace Research Center has constructed a grid to represent the ways in

which features of public transportation can be inaccessible to a variety of

populations.  This chart is a seven by fourteen entry grid, with two axes,

one of which is labeled with seven problems that people might encounter

when they use automated ticket and information services on public
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transport, and the other of which is labeled with fourteen different

disabilities.  People who are disabled in these ways encounter some degree

of inaccessibility when they access these services.  The problems that one

might encounter are assessed according to three levels of difficulty, that is,

someone might experience: 1) few problems; 2) some problems; or 3)

many problems.  The following evaluations are located on the former axis.

With respect to obtaining advance information, those who have reduced

co-ordination will experience few problems, those with dyslexia will

encounter some problems, which can be alleviated with available

technology, and those who are language impaired or intellectually impaired

will confront many problems.  

The chart indicates that when buying a ticket at a self-serve kiosk, those

who are language impaired will face few problems, those with dyslexia will

encounter some problems, which can be alleviated with available

technology, and those with reduced co-ordination, or who are intellectually

impaired will experience many problems.  

Finding the correct platform will pose a few problems for those who have

reduced co-ordination, or who are dyslexic, and some problems for

language impaired individuals, as well as intellectually impaired individuals

for whom assistive technology is available.  

Ascertaining their destination will present few problems to people who

have reduced co-ordination, some problems to people who are language

impaired and those who have dyslexia, for all of whom assistive technology

is available, and many problems to people who are intellectually impaired

for whom technology is available also.  

When boarding the train or bus, people who have dyslexia or who are

language impaired will face a few problems, and those with reduced co-

ordination will experience some problems.  Technology is available for

those in the latter group.

The chart indicates that in the process of finding a seat, people who are

language impaired, have dyslexia, or are intellectually impaired will

experience a few problems.  

Knowing when they have reached the correct destination will pose few

problems for people who are language impaired, or who have dyslexia, and

many problems for people who are intellectually impaired.  Technology is

available to alleviate the inaccessibility encountered by these people.
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Trace Research and Development Center.  (1996c) “Problems with

public telephones.”

Web: http://trace.wisc.edu/docs/missing_links/telechar.htm

The Trace Research Center has constructed this grid, which is designed to

represent the problems that various populations encounter when they

attempt to use public telephones.  The chart is an eleven by fourteen entry

grid, with two axes, one of which is labeled with eleven possible problems

that people might encounter when they attempt to use a public telephone,

and the other of which is labeled with fourteen different disabilities.  People

who are disabled in these ways will encounter some degree of

inaccessibility when they attempt to access this service.  The problems that

one might encounter are assessed according to four levels of difficulty, that

is, someone might experience: 1) few problems; 2) some problems; 3) find

it difficult; or 4) very difficult or impossible.  The following evaluations are

located on the former axis.

Locating the phone will pose a few problems for those who have reduced

co-ordination, are language impaired, or have dyslexia.  Those who are

intellectually impaired will encounter some problems when they wish to

locate a public phone.  Assistive technology is available to accommodate the

latter group of people.

The grid indicates that people with reduced co-ordination, those who have

dyslexia, and those who are intellectually impaired, will encounter a few

problems when they attempt to access public telephones.

In addition, the grid indicates that people with reduced co-ordination will

encounter some problems when they try to read the instructions given on

the phone, as well as the directory.  There is assistive technology available

which can alleviate these.  Those with dyslexia or who are intellectually

impaired will find it difficult to read the directory and instructions give, at

public telephones.  However, assistive technology is available for these

people.  Those who are language impaired will find it difficult to read the

instructions and directory at public phones also; however, no assistive

technology exists for these people.

Holding and lifting the handset of the phone will present few problems for

people who are language impaired, have dyslexia, or are intellectually

impaired.  However, those who have reduced co-ordination will find it

difficult to hold the phone.

People who are language impaired, as well as those who are intellectually

impaired will encounter a few problems when they try to use the keypad,

or dial, those who have dyslexia will encounter some problems when they

attempt to do so, and those who have reduced co-ordination will find it
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difficult to do so.  Assistive technology is available to accommodate people

in the latter group.

The grid indicates that those with reduced co-ordination will have few

problems when they try to read the visual display.  However, people who

have dyslexia, who are language impaired, or who are intellectually

impaired will find it difficult to do so.  Assistive technology exists to

accommodate the needs of the latter groups.  

In the terms of the grid, people who have dyslexia, are ntellectually

impaired, or language impaired will have few problems with the task of

inserting the coins or a phone-card into the phone.  Those who have

reduced co-ordination will have difficult doing so.  Technology exists that

can accommodate this group of people.  

Determining the status of the phone line will present few problems to

those who have reduced co-ordination, are language impaired, or have

dyslexia.  However, people who are intellectually impaired will encounter

some problems.

People with reduced co-ordination, dyslexia, or intellectual impairments,

will encounter few problems when they wish to speak into the phone.  This

activity will be very difficult or impossible for those who are language

impaired.

As the grid indicates, those who have dyslexia, reduced co-ordination, or

who are intellectually impaired, will have few problems when they want to

listen to conversation on the phone.

Terminating the call will pose few problems for people who are language

impaired, have dyslexia, or who are intellectually impaired; however, this

task will present some problems for people who have reduced co-

ordination.

Trace Research and Development Center. 1999. “Trace Center

reference designs for cell phones.”

Web: http://trace.wisc.edu/docs/phones/

Reference Design 1 is the first in a series of design exemplars illustrating

how all the FCC/Access Board guidelines can be met in a single mass-

market wireless phone. Features in the reference design that are most

relevant to people with cognitive disabilities are:

■ An EZ button that allows you to have the label for any key read to

you as well as the contents of the display and all menus and features

of the phone.
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■ An infrared port for wireless connection to assistive technologies.

■ A “one button feature” that allows the phone to be programmed so

that it will automatically dial only one number (or a small list of

numbers) when any keypad button is pushed. An optional cover plate

to create a true “one button phone” could be added.

Trace Research and Development Center.  (1996d) “What Problems

Do People with Disabilities Have? and Why?”

Web: http://trace.wisc.edu/docs/sofware guidelines/software.htm  

This brief summary provides an overview of major types of impairment, as

well as their implications for computer use.  The sketch describes the

category of cognitive and language impairments as one which is comprised

of a wide range of disabilities, including ones of thinking, memory, language,

learning, and perception.  According to this summary, the commonly known

types and causes of cognitive/language impairments are: 

1. Mental Retardation: A person is classified as mentally retarded if

they fall below a score of 70 on IQ tests.  An estimated 1% of

Americans (2.4 million) are classified as such.  Down’s Syndrome,

infections, premature birth, and birth trauma, are presumed to cause

mental retardation.  People classified as mildly retarded (80-85%),

that is, those who have an IQ between 55 and 69, achieve 4th to 7th

grade levels in school, and function well in the community.

2. Language and Learning Disabilities: A general term which refers

to a variety of disabilities in listening, speaking, reading, writing,

reasoning, and calculating/integrating perceptual/cognitive

information.  An estimated 43% of children in segregated education

programs in the U.S. (1.9 million) are language or learning disabled.  

3. Head Injury and Stroke: This group includes individuals with closed

and open head injuries, as well as those who have had strokes.

Approximately 400,000 to 600,000 people in the U.S. have had head

injuries; and about 2 million people in the U.S. have experienced a

stroke.

4. Alzheimer’s Disease: This progressive degenerative disease leads to

intellectual decline, confusion, and disorientation.  Approximately 5%

of Americans over 65 years of age have Alzheimer’s, with an increase

182



to 20% amongst those over 80 years of age.

5. Dementia: Caused by obstruction of blood flow to the brain, this

brain disease results in progressive loss of cognitive functions, often

beginning with memory, learning, attention, and judgement

impairments.  Of the population over 65, 5% has severe dementia

and 10% has mild or moderate dementia.  Of those over 85, 30%

have some form of dementia.

The sketch reports that cognitive impairments might be categorized as

memory, perception, problem-solving, and conceptualizing disabilities.

Memory disabilities include difficulty accessing information from short-term

storage (20-40 seconds, 5 items) long-term, and remote memory, and

difficulty with recognition and retrieval of information.  Perception

disabilities involve digestion of, attention to, and discrimination of sensory

information.  Problem-solving disabilities affect one’s recognition of a

particular problem, as well as the ability to identify, choose, and implement

solutions, and evaluate outcomes.  Conceptual disabilities include difficulties

with sequencing, generalizing previously learned information, categorizing,

perceiving causal relations, abstract concepts, as well as comprehension and

skill development.  Language impairments can cause problems with

comprehension and/or expression of written and/or spoken language.  

This sketch provides general recommendations with respect to the

implications of cognitive disabilities for computer use, such as: use simple

displays, low language loading, use of patterns, and simple, obvious

sequences and cued sequences.

Vanderheiden, G.C., & Scadden, L. 1988. Considerations in the design

of computers and operating systems to increase their accessibility to

persons with disabilities (Version 4.2). Madison, WI: Trace Research

and Development Center 

Web: http://trace.wisc.edu/docs/considerations/consider.txt 

The article notes that software itself poses the greatest difficulties to

cognitively disabled people, although layout and labelling of operational

controls can also affect their ability to use computers.  

Design considerations for individuals who have seizure activity:
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Problem: Individuals with seizure sensitivities can be affected by cursor or

display update frequencies, which increases the chance of a seizure while

work is done on or near a display screen.

Approximately 1 in 25,000 and 1 in 10,000 people are affected by

photosensitive epilepsy (Cakir, Hart, and Stewart, 1980).  The flash rates

most likely to induce convulsions in photosensitive epilepsy are between 10

and 25 hertz, with a peak around 15-20 hertz.  Sensitivity to frequencies

below 8 hertz is uncommon.  Evidence suggests that combined presence of

pattern and flicker might extend the sensitivity range.  Results of one

investigation showed that although the mean sensitivity range for diffuse

stimulation was 11-13 hertz, the range was increased to 10-43 hertz with

patterned stimulation.  This disparity seems to confirm the conclusion

drawn by researchers in the field according to which pattern stimulation is

more epileptogenic than diffuse stimulation.  Research also indicates that

many people who have photosensitive epilepsy are not only sensitive to

flicker, but also to stationary striped patterns; furthermore, when patterns

are vibrated, the incidence of pattern sensitivity is doubled (Sakir, Hart, &

Stewart).  Stimulation in the 30 hertz range might occur in some fast

phosphor interlaced displays.  Stimulation in the 10-20 hertz range can

occur with systems that blank and redraw the screen rapidly; for example,

when scrolling through a display or flashing very quickly across a series of

images, or when a computer program executes a keyboard macro within an

application program.  Although the flash rate is not necessarily uniform, it

can be quite rapid on a fast computer.  Poorly executed animation that

produces a flickering image in this range might also cause problems.

Design Recommendations: Displays should avoid refresh or update

flicker or flashing frequencies which are likely to trigger seizure activity.

Some of the recommendations which this article makes in regard to (for

example) physical disability are relevant to the accessibility of to cognitively

disabled people.  They are:

Problem: Some individuals cannot activate multiple buttons or keys at one

time. 

Design Recommendation: Input devices that require multiple

simultaneous activations should have an optional (sequential) mode of

operation which is available at any time.  A “sticky key” feature, which

would be invoked by tapping 5 times on either shift key, could be added to

the keyboard to solve this problem.  Once activated, the stroke of a

modifier key (shift, control, etc.), followed by the stroke of another key, will
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be presented to the system and application software as if the keys had been

pressed concurrently.  The modifier key is automatically released as soon as

the other key is pressed.  When depressed twice in a row, a modifier key

becomes “locked down” until pressed a third time.  If a modifier key and

another key are depressed simultaneously, the feature automatically

deactivates and the keyboard returns to normal operation.

Problem: Some individuals with poor coordination have a slower or

irregular reaction times, which make time-dependent input unreliable.

Design Recommendation: Systems requiring responses in less than 5

seconds, or a release of a key in less than 1.5 seconds, should include a

provision for the user to adjust the time interval, or to have a non-time

dependent alternate method.

Vanderheiden, Gregg. 1992.  “A brief look at technology & mental

retardation in the 21st century.” Mental Retardation in the Year 2000.

Louis Rowitz Ed. New York: Springer-Verlag.

Vanderheiden identifies three major types of interaction between

technology and persons with mental retardation:

1. Technologies in therapy and education

2. Assistive technologies

3. Standard technologies in the workplace, community and home.

1. Technologies in therapy and education.  References to high-

fidelity digitally recorded speech that provides distinct pronunciation

are relevant to this project. This is helpful especially where diphone

concatenation techniques are used.  In addition, the advancing

technology in animation and sound along with three-dimensional

animated displays of an object will make it easier for people with

mental retardation to recognize.

2. Assistive technologies. Vanderheiden looks at assistive

technologies from two perspectives: 

A. Extending/enhancing aids

B. Companion/tool technologies.
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A. Extending/enhancing aids are designed to help strengthen

the skills that an individual already has.  These include:

1. prompting devices: assist an individual in stepping through a

sequence of activities

2. problem-solving devices: similar to prompting devices but

have more sophisticated algorithms, helping to solve more

generalized problems then the “canned” or stereotypic

prompting routines. 

3. enhancing aids: calculators, automatic checkbooks, etc. (By

the year 2000 there will be very powerful computers which

can run on batteries the size of watch batteries and fit in our

pockets.)

Vanderheiden states that although currently the entry of

information like phone numbers in these pocket calendars are

usually by push-button, by the year 2000 speech recognition and

synthesis should be emerging as a common components of these

pocket notebook aids.  The author points out that the greatest

barrier to our progress will be in our own understanding of mental

retardation and ways that we can facilitate cognitive processing and

daily living skills.

B. Companion/tool technologies. These are technologies

which not only extend or enhance the individual’s cognitive

abilities, but also augment the user’s cognitive abilities with a

second separate cognitive entity — incorporating artificial

intelligence.  Vanderheiden gives an example of a person who

uses the Companion which is a small device approximately the

size of a large wallet.  The Companion has the following

characteristics:

1. Four or five buttons that are brightly and distinctly colored

and have symbols on them:  Help, Yes, No, and Request.  

2. Voice output and speech recognition.  

3. Artificial Intelligence to facilitate problem-solving and crisis

resolution.

4. Reminder and monitor system.

5. Built in loran system (a navigational system which

determines latitude and longitude from remote radio signals)

allows it to keep track of its exact position using signals from

186



navigation satellites.

6. Cellular communication system similar to a cellular

telephone, allowing it to put the individual into instant

contact with a crisis line in case of an emergency which

cannot be easily handled by the Companion.

The purpose of the Companion would be to allow individuals with

mental retardation to live more independently.  The technology

(loran, cellular telephones, miniature cameras, voice synthesizers,

and microprocessors) exists and is used today.  What is needed,

writes Vanderheiden, is the knowledge of how to best utilize these

technologies, how to provide useful prompting to help a client

figure out a problem rather than think for them, how to identify

problems without visual context, etc.

3. Technologies in the workplace, community and home.  In

place of complicated bus route maps, it will soon be possible to

push a button on a bus stop sign, announce your destination, and

have the electronics in the sign tell you the proper bus to take and

the time that it will arrive at that particular bus stop.  More

intelligent signs could tell ou if a bus is running late, or if you are at

the wrong bus stop.  

First, we must define what makes a device easier or more difficult

for a person with mental retardation to handle.  Then, we must

communicate these “design guidelines” to the manufacturers of

consumer products and business /information systems.    Products

which are simpler and take fewer cognitive skills to operate are

easier to operate for everyone.  These design changes can help

reduce fatigue and result in fewer errors.  These techniques will

also increase the usability of their products by the ever-growing

elderly population.

Ethical issues in the use of artificial intelligence.   If we attempt to

make cognitive prostheses (an artificial brain for the person), we

run the danger of thinking for the individual instead of facilitating

his or her thinking and decision making process.  For this reason,

Vanderheiden believes that we must focus our attention on

“companion” classes of assistive technologies.
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Vanderheiden, Gregg C.  1994.  Application software design guidelines:

increasing the accessibility of application software to people with

disabilities and older users.  Madison, WI: Trace Research And

Development Center, University of Wisconsin-Madison.  

Vanderheiden remarks that due to the diversity of the category of people

with cognitive and language disabilities, it is difficult to address problems of

inaccessibility of software with respect to them.  He notes, however, that in

general software that is designed to be very user friendly can facilitate

access to people with language and cognitive impairments.  Here are some

specific recommendations he offers:

1. Ensure that all messages and alerts remain on screen until they are

dismissed.  Avoid applications whose text appears when the mouse

cursor touches some point on the screen and then disappears when

the cursor moves away from that point.  This sort of application

provides problems for screen access software if it moves the mouse

pointer along as it reads text on the screen.  Similar problems might

arise for those who use programs designed for people with learning

disabilities.  There is, for example, a special utility program on the

market which allows people with learning disabilities to get assistance

with their reading: when the user points the mouse cursor at a word,

the program reads the word aloud.  A program of this sort would be

unable to read words in pop-up messages such as those described,

for as soon as the user moved the cursor to instruct the special utility

which word to read, the message would disappear.  At the time of

this writing, the balloon help on the Macintosh suffered from this

problem.  Vanderheiden suggests that a mechanism which would

allow triggered text to be locked on to allow the individual to move

the cursor over the text to read it would be helpful.

2. Make language as simple and straightforward as possible, that is, both

on screen as well as in documentation.  Ensure that documentation is

accessible to, for example, screen readers.

3. People who are cognitively disabled will more readily predict and

understand how things should operate and what they mean if layout

and behavior are consistent and predictable and adhere to system

standards; in other words, use simple and consistent screen layouts.  

4 Ensure that software is compatible with screen reading software.
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5 Design software in ways that minimize the skills and abilities required

to operate it.  

6 Avoid flash rates above 2 hertz.  Flickering screens can trigger

seizures in people with photosensitive epilepsy.  The worst frequency

is 20; at frequencies above 60 and below 2, sensitivity is greatly

reduced.  Sensitivity increases with the brightness and the area on

the screen that is flickering.

Vanderheiden, Gregg. 1998. “Cognitive and language impairments and

their implications.” In Accessible Design. Madison, WI: Trace Research

and Development Center, University of Wisconsin, Madison.

The objective of this chapter is to prepare the designer to understand and

anticipate what problems people with cognitive and language impairments

may have in using specific products.  It will also provide an awareness of the

basic terminology used by medical and rehabilitation professionals so that

the designer will be better equipped to understand references used to

obtain more specific information in the course of a specific product design

process.

Types of Cognitive and Language Impairment

■ Impairments of Intelligence and Thinking

■ Mental Retardation

■ Dementia

■ Impairment of Memory

■ Other Intellectual Impairments

■ Aphasia

■ (Specific) Learning Disabilities

Common Causes of Cognitive and Language Impairments

■ Congenital Causes

■ Head Injury

■ Environmental

■ Stroke

■ Alzheimer’s Disease
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■ Other progressive diseases

Problems Resulting from Cognitive and Language Impairments

■ Communication: understanding speech, speaking

■ Dealing with visual complexity (e.g., displays, controls)

■ Understanding sequential instructions (spoken, written, or symbolic)

■ Reading

■ Writing / Typing

■ Computer access

■ Phone use

■ Operating “public machines” (e.g., ATM’s, point-of-sale terminals,

vending machines, pay phones, elevators)

■ Transportation:  using public transport, navigation, map reading

■ Shopping: finding or locating proper store, item in store;

understanding relative costs; paying and counting change

■ Cooking (particularly following instructions)

■ Dealing with money

■ Schedules / time skills

■ Daily living activities

■ Learning in normal educational settings

■ Problem-solving

■ Understanding consequences of actions, particularly long-term

consequences

■ Following work and other daily routines:  going to work regularly, on

time, and understanding and observing rules; organizing activities in

temporal sequences; making decisions about day-to-day matters;

understanding time of day; understanding past and future

(appointment-keeping)

■ Self-awareness, self-identity, and self-presentation (grooming, dress,

social behavior)

■ Managing interpersonal relationships including social activities,

managing conversations, managing emotions and their expression.

■ Safety:  identifying hazards and hazard labeling, avoiding hazards,
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refraining from conduct potentially self-endangering, reacting

appropriately to emergency or injury, taking proper precautions.

■ Wandering or getting lost.

Vanderheiden, Gregg. 1998. “Assistive techniques & devices for

persons with cognitive and language impairments.” In Accessible

Design. Trace Center. Madison, WI: Trace Research and Development

Center, University of Wisconsin, Madison.

This chapter explores aids for people with cognitive and language

impairments. Vanderheiden cautions that artificial thinking can pose some

interesting and important ethical questions.  The objective of cognitive aids

should be to facilitate the remaining cognitive processes, or help substitute

for individual cognitive deficits such as memory, so that people are able to

live more independently and in environments of their own choosing.

Cognitive and language aids and techniques have been divided into eight

basic categories. At the end of the chapter the author presents a futuristic

aid which combines several of these different strategies into a general-

purpose assistive device.  The eight categories are as follows:

1. Memory aids

2. Wandering aids

3. Emergency/call systems

4. Aids to sequencing

5. Reading aids

6. Conversation/writing aids

7. Aids to learning

8. Problem-solving aids.

Memory Aids: A number of different cognitive impairments can affect a

person’s ability to remember.  Timers (high and low tech) are helpful in

facilitating short term memory issues.  Small timers which are built into

pillboxes or pill bottle caps can be used as simple reminder aids for

medications.  

More extensive memory aids are available in the form of “executive

reminders” like pocket-sized systems that can be programmed to beep and

display a message at present times on a given day or daily.  It is also possible

to design versions of these systems which have small text-to-speech
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synthesizers or speech digitization systems, allowing the aids to beep and

then, at the press of a button, announce the reminder message aloud.

A major problem with most of these executive reminder aids is that people

with memory problems may not be able to remember how to operate the

devices.  True application of these type of aids for people with cognitive

impairments will await the design of systems with much simpler and more

obvious interfaces.  The most common and powerful memory aids are very

simple techniques and devices.

Wandering Aids: Wandering can occur when a person wanders off

aimlessly or when the individual may know where they’re going, but simply

get lost.  An individual can be provided with special aids which can track

their position and alert caretakers when the individual leaves the prescribed

area.  Some aids are designed to work at doorways, and detect the

approach of someone wearing a special identifier (or not wearing one.)  A

closed circuit television and alert system can allow people at a central

monitoring station to see who is coming and going.

A special ankle bracelet, used by law enforcement agencies to “jail” people

in their own homes, is another option.  Any movement outside of a specific

area or removal of the ankle bracelet triggers an alert at a central station.

For people who become easily confused and get lost, there are two existing

technologies which could be used.  Cellular telephones and satellite

communication and navigation aids.  Modern satellite-based navigation

systems now allow a person using a hand-held device to locate their

position within 400 feet.  The person could call a central support service

using cellular telephone technology.

Emergency/Call Systems: There exist emergency call systems for people

to use in their homes.  They can push a small button on a pendant or

wristband.  This triggers an emergency notification system in their home to

call for help.  Some systems immediately notify a central, 24 hour

monitoring station and others systems allow the dispatcher at the central

location to carry on a voice conversation with the person in trouble.

In addition to these systems which call a central hot-line, there are systems

which call a series of phone numbers until someone is found who can

respond to the emergency.  Most of these systems call the numbers and

play an emergency message.  The individual at the other end must respond

by pressing a code using their touch-tone keypad.  The system continues to

call numbers on the list until a code is received. The systems can also be

automatically triggered by burglar alarms, fire alarms, or other monitoring

equipment.
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Aids to Sequencing: In performing individual tasks, sequencing actions can

be prompted by cues. Custom-designed cueing devices, mechanisms, or

programs have been used.  Some experimental work has also been done in

providing devices that would prompt people through daily activities.  A

major difficulty in any automated cueing or prompting system is the

difficulty involved in closing the loop, that is, providing some positive

feedback to the system to indicate that the previous step has been

completed successfully so that the next cue can be given.

Reading Aids: There are three basic strategies to access printed

information.

1. Presentation of information in graphic/iconic form.  Printed text

refers to information given in the form of pictures, icons, or graphics.

Often a large icon can be used rather than small text without using

more horizontal space.

2. Making the information available in audio format.  Tape recorders,

books on tape, computers with speech output, and special reading

machines which can convert printed text into speech output can all

be used.  ASCII text files are used.

We are on the verge of having “electronic paperback books”

consisting of a small device with a screen which displays text a page

at a time from miniature memory (book) modules.  Using speech

output, the individual can have these files or “electronic documents”

read aloud to them by computer. People who are able to read, but

have difficulty with individual or new words, can have the text read

aloud when it is requested.

3. Providing some mechanism for converting printed text into audio

formScanners and Optical Character recognition (OCR) technology

are used to take a picture or scan of printed text and have the image

fed into a computer where OCR software can translate the text into

spoken output.  With continually higher-resolution solid-state

cameras, it would be possible to pick up text right off objects in the

environment.  Although such an aid does not yet exist, all of the

components for doing this do exist and could be combined together

into a portable aid which could be aimed at and read any text

encountered.

Conversation/Writing Aids: Augmentative communication aids can be

used for people with cognitive disabilities who are unable to speak or

communicate through writing. Some type of pictographic or ideographic

symbol system is usually required to enable people with severe aphasia to
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construct complex sentences, answer and ask questions, using a symbol

system on a computer.

Aids to Learning: Paper, cloth, wood and plastic are some learning aids

that are common.  Colors, shapes and textures are also often used to help

reinforce or facilitate learning processes.  Computers are used to stimulate

cognitive activity.  The materials are not learning aids in and of themselves,

but rather components which would be used in an over all learning or

cognitive retraining process.

Problem-Solving Aids: Artificial intelligence will eventually make it

possible to develop aids which help people to problem-solve.  While

currently there is limited use of AI to very specific problem-solving

strategies, there are common steps in any problem-solving situation. It may

be possible, with speech recognition, voice synthesis, and artificial

intelligence, to prompt people through many of the variety of problem-

solving situations that arise daily in life.

Vanderheiden then finishes the chapter with a description of a futuristic aid

which combines several of these different strategies into a general-purpose

assistive device.

Vanderheiden, Gregg C. 1997 “Cross Disability Access to Touch Screen

Kiosks and ATMs.” Advances in Human Factors & Ergonomics21A:417-

420

Vanderheiden argues that because touch screen technologies are

increasingly used at public information, and government service kiosks, as

well as ATMs and building directories, it is crucial that strategies be

developed which ensure that these technologies are accessible to all users,

including those who are disabled.  This article describes a set of interface

techniques that could be employed to extend the interface of standard

touch screen kiosks and ATMs, that is, to provide optional interface

behaviors or modes which make multimedia touch screen kiosks accessible

to users who are (for instance) blind, deaf, or not literate.  In addition,

these techniques would increase the usability of the kiosk by many

cognitively disabled people.  According to Vanderheiden, the technique has

been commercially deployed successfully in the Mall of America in

Minneapolis and in the Minneapolis Public Library.

A set of interface techniques known as “EZ Access” has been developed to

provide access to this technology for people who are disabled in a variety of

ways (including, physically and sensorially).  Seven interface variations are
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provided: 4 “talking fingertip” techniques, the ShowSounds/Captions mode,

the Scanning mode, and the infrared link.  Identical to the heretofore

standard kiosk in other respects, kiosks which use these techniques include

a large  (approx. 2”) green diamond button (EZ Access button) that is

located directly below the touch screen and a speech synthesizer which can

be implemented in software that uses a standard sound card.  Behind a

small dark red window on the front of the kiosk, there is an infrared

transceiver.

Talking Fingertip Feature #1: Quick Read - for people who need to

have on-screen text read to them only occasionally (i.e., they can see and

read most of the information).  When information which cannot be read is

encountered, the green button is held down to enter the Quick Read

mode.  In the Quick screen mode, items are highlighted and their names

and contents are read aloud when they are touched on the screen.  Items

can be explored in this mode, but they cannot be activated.  To activate an

item, a user must release the green button, which returns the kiosk to the

standard mode of operation.

Talking Fingertip Feature #2: Talking Touch and Confirm - for anyone

who has difficulty reading the screen, including people who are blind and

those who have dyslexia.  This technique allows one to explore the screen

with a fingertip or mouthstick.  When an item on the screen is touched, it is

read aloud, although not activated.  To activate an item on screen, one

touches the item on the screen and presses the green diamond button

below the screen.  When the button is released, the kiosk returns to

standard touch screen mode.        

Talking Fingertip Feature #3: Touch and Confirm - for people who

cannot physically operate the items on the screen.  This feature is identical

to the previous one, with the exception that items are not read aloud when

touched.  Individuals can make as many attempts as they require to activate

the desired items of the screen.  Once the desired  item has been

highlighted, the user presses the EZ access button to activate the on-

screen item highlighted.  

Talking Fingertip Feature #4: List-Mode - Although this technique was

designed primarily for people who are blind and cannot use the screen, it

might be useful to some cognitively disabled people (e.g., some brain

injured people).  This technique enables one to operate the kiosk with the

movement of a finger along the left edge of the screen, which serves as a

reference point to guide their motion.  Each of the information and actions

195



items is included as a line in the list down the left edge of the screen.

Basically, this technique works in the same fashion as the Talking Touch and

Confirm mode.

Auto Step Scan mode - for people who cannot each the screen or who

are unable to accurately touch items on it.  This, the slowest of the

techniques, can be operated in two modes: autoscanning and step scanning.

All of the operations of the kiosk can be accessed and employed with

merely the touch of the EZ Access button located below  the screen.

Items on the screen are highlighted sequentially.  The EZ Access switch is

used to activate highlighted items.  In Auto Scan mode, the kiosk moves the

highlight from one item on the screen to the next until the EZ Access

switch is hit to select an item.  Once a selection is made, the scanning stops

and the highlighting stays on the current selection for 125% of the standard

dwell time.  In the Step Scan mode, the scan speed is off and one must

touch the screen to advance the cursor.

Show Sounds/Captions mode - although this mode is intended in

particular for people who cannot hear or who are hard-of-hearing, it might

be useful for people whose ability to comprehend and digest aural

information is low due to (for example) traumatic brain injury or learning

disability.  When this feature is turned on, information which is presented

acoustically or orally is presented visually also.  In some cases, the

information presented auditorally is already presented on-screen also.

When the information is not already presented on-screen, some form of

visual presentation of the auditory information is provided with it (e.g., a

caption box of text might appear, a caption box might describe a sound that

is currently emitted).

URCC Protocol via Infrared - for people who have their own alternate

input and/or output device to use instead of the interface on the kiosk.  To

operate the kiosk in this mode, one simply introduces the infrared

compatible assistive technology into the vicinity of the kiosk and proceeds

to use it with the kiosk.

Vanderheiden, Gregg C., Law, Chris, and David Kelso. 1998 “Cross-

Product, Cross-Disability Interface Extensions: EZ Access.”  Paper

submitted for the RESNA Annual Conference.

In this paper, Vanderheiden et al. propose a standardized package of

interface techniques called “EZ Access”.  They intend these techniques,
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when taken together, to provide access to, and use of electronic products

for individuals with a wide range of disabilities, or other environmental

constraints.  In addition, they have designed these access strategies with

sufficient flexibility that they can be built into a wide range of mass-market

products, including cellular phones, ATMs, and microwaves.  

The authors point out that the first set of EZ Access techniques were

designed for, and have been commercially transferred to, touchscreen

kiosks (see Vanderheiden 1991a; 1991b).  The techniques have been

extended and generalized to apply across a much broader range of

products; that is, designs and/or prototypes have been developed which

incorporate the techniques in: 8-button screen-based ATMs; cellular

phones; and business phones.  Designs for stereos, videocassette recorders

(VCRs), and microwaves are in process.

The ways in which EZ Access techniques are implemented will vary from

according to product and manufacturer.  However, the basis components of

EZ Access are:

1. buttons that would be touched (on a touchscreen or actual physical

buttons) could also be spoken aloud;

2. text that would be displayed could also be spoken aloud;

3. all functions and displayed information which appears as a list can be

navigated by sliding one’s finger up and down the list, rotating a

wheel, or operating up and down keys;

4. a mechanism that allows buttons to be highlighted (visually,

auditorially, or in large text display) but not activated when pressed,

and which only activates them when a second “confirm” button is

operated;

5. a “Quick Help” feature that is activated if a button is pressed and

held in various modes;

6. auditory information can be presented on the visual display;

7. individual items in the above-mentioned list can be highlighted

(visually or auditorially) in sequence;

8. an infrared port can be used (in addition to other products functions)

to allow the user to operate the device and/or display information on

a separate assistive technology (e.g., an alternate keyboard).
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Vanderheiden, Gregg C.,  John Mendenhall, and Tom Andersen. 1993

“Access Issues Related to Virtual Reality for People with Disabilities.”

Madison, WI: Trace R& D Center, University of Wisconsin-Madison.

This article looks at the application of virtual reality (VR) in relationship to

disability issues.  The authors divide access problems and solutions in the

applications into two major categories or classes: 

Class 1: Those applications where virtual reality (VR) is used to

construct a metaphor for the presentation and manipulation of

information which could also be provided in other forms (e.g.,

verbally).  Information that is presented using graphic metaphors in

the graphical user interfaces (GUI), but which could also be

presented in words.

Class 2: Those applications which are inherently three-dimensional

or multi-sensory in nature.  Information which is inherently graphic

and cannot be described easily and completely in words.

The two categories are of the same model used to discuss graphical user

interfaces (GUIs) hoping to draw parallels between the two technologies.

After laying the foundation from these two perspectives, the authors

discuss the impact of the two classes on each of the four major disability

groups.  An abbreviated version on VR and cognitive impairments follows.

Virtual Reality and Cognitive Impairments. Activities which are now carried

out through verbal (text) commands and feedback may be much easier for

people with cognitive or language impairments if they were rendered as

virtual reality metaphors.  For example, activities or devices which currently

require the individual to react to information presented in written text (e.g.,

following the directions for cooking) might be easier if the instructions were

presented as graphic sequences.  They may be even easier if the

information is presented as actual three-dimensional representations, or if

manipulation of the activities could be carried out through manipulation of

three-dimensional metaphorical objects.

In regards to the second class, applications of VR could be used to help

individuals with cognitive impairments to practice in a less complex and

more forgiving environment (for instance, developing skills associated with

activities of daily living). This would require that the virtual reality

technology achieve a very high degree of visual, tactile, and sonic reality.

Once high fidelity VR is available, environments where mistakes are less

catastrophic, and overall stimuli are reduced, could be used to train

individuals to carry out activities of daily living.  Slowly, the environment

could become more complex and realistic, bringing the individual to the
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point of being able to functional safely and independently in the real world.

The authors strongly advise where VR is used as a metaphor, the underlying

constructs should also be made available so that they can be presented in

other forms (e.g., non-visual forms).   From the authors experience with

current graphical user interface, unless these issues are raised early, the

user interfaces will be optimized for individuals with full sensory and

physical capabilities and the ability to tap into the VR architectures at a level

appropriate for using alternative access strategies will not exist except on a

post-hoc or “patch” basis.  

Vanderheiden, Gregg C. and Katherine R. Vanderheiden. 1991

“Accessible design of consumer products.  Part II: Disabilities and

specific barriers to accessibility.”  Madison: Trace R&D Center,

University of Wisconsin-Madison.

The authors point out that there is a wide variation of cognitive

impairments; thus, the types of functional disabilities that can result from

cognitive impairment also vary widely.  These can, however, be categorized

as memory, perception, problem-solving, and conceptualizing disabilities.

As the authors explain, memory disabilities include difficulty obtaining,

recognizing, and retrieving information from short-term storage, as well as

long-term and remote memory.  Perception disabilities include difficulty

digesting, attending to, and discriminating between sensory information.

Difficulties in problem solving include recognizing the problem, identifying,

choosing, and implementing solutions, and evaluation of outcome.

Conceptual disabilities include difficulties with sequencing, generalizing

previously learned information, categorizing, cause and effect, abstract

concepts, as well as skill development and comprehension.  Language

impairments can cause functional disabilities of the latter, as well as of

expression of written and/or spoken language.

Vanderheiden, Gregg C. and Katherine R. Vanderheiden. 1991

“Accessible design of consumer products.  Part III: Guidelines for more

accessible design.”  Madison: Trace R&D Center, University of

Wisconsin-Madison.  

Vanderheiden and Vanderheiden have divided the general design guidelines

into 5 sections: 1) Output/Displays; 2) Input/Controls; 3) Manipulations; 4)

Documentation; 5) Safety.  The following are the design options and ideas

they offer that are relevant to cognitive disability:
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SECTION 1) Output/Displays

The presence of too much background noise prevents many people who

are cognitively disabled from effectively hearing information delivered

auditorially.  In addition, some people who are cognitively disabled might

not understand, or might miss, auditory information which is short, rapid,

not repeated, or not repeatable.  The authors recommend: 

1. provide a volume adjustment (ideally, one with a visual volume

indicator) through which the sound will be intelligible across the

volume range; 

2. make audio output or adjustable volume range as loud as practical; 

3. provide a headphone jack which will enable people who have

difficulty processing information presented auditorially to effectively

isolate themselves from background noise; 

4. reduce the amount of “unmeaningful” (i.e., background) noise that

products produce; 

5. present auditory information continuously or periodically until the

desired message is confirmed and/or acted upon (spoken messages

could automatically repeat or a mechanism could allow the user to

ask that they be repeated); 

6. provide accompanying redundant visual cues; if this is not possible,

provide a headphone jack which would allow the user to plug in a

small LED or light that would provide a visual flicker (within a range

which will not trigger seizures); 

7. provide auditory information (including, speech output, auditory

cues and warnings) in visual, and tactile, form also, e.g., an optional

remote audio/visual or tactile indicator, or captions on a display

screen, blinking displays or existing lights (within a range which will

not trigger seizures).

People with learning and other cognitive disabilities might require

accommodation when information is presented in written form.

Vanderheiden and Vanderheiden suggest:

1. present letters and other symbols on visual output in as large a

display as possible;

2. use both upper-case and lower-case typeface;

3. ensure that there is spacing between letters of a words and lines,

and distance between messages sufficient to enable users to

discriminate;
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4. provide adjustable display image size;

5. provide video jacks to which larger-image displays or other assistive

devices (e.g., electronic magnifiers) can be connected;

6. use high contrast between text (or graphics) and background;

7. make letters and other symbols on visual output as simple as

possible (use sans serif typefaces for non-text lettering, e.g., labels,

or dials);

8. see recommendation 7 in section above.

The authors point out that visual and/or auditory output might seem

confusing to some people with cognitive disabilities, or be difficult for them

to understand.  For example, complex screen layouts (e.g., multiple

window layouts) confuse some people with specific learning disabilities or

other cognitive disabilities.  In  addition, some people with specific learning

disabilities and other forms of cognitive disability have difficulty

understanding complex or sophisticated verbal output, or have a short

attention span and are easily distracted when they review a screen display.

Vanderheiden and Vanderheiden suggest:

1 use simple screen layouts which provide the user with the option of

viewing only one thing at a time; also, provide breaks in large

amounts of text with double-spacing, blank space, paragraphing;

2. shorten menus;

3. hide (or layer) seldom used commands or information;

4. simplify language;

5. accompany words with pictures or icons;

6. use Arabic rather than Roman numerals;

7. use boldface, underlining, and grouping techniques;

8. highlight key information;

9. arrange most important information at the beginning of written (but

not spoken) text;

10. before audio presentation, provide sounds or words that make the

user attend;

11. keep auditory presentations brief;

12. include an audio-repeat function or button;

13. present material in as many redundant forms as practical/ possible,

or provide as many display options as possible;
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Vanderheiden and Vanderheiden note also that people with seizure

sensitivities can be affected by screen cursors or display update frequencies.

They recommend that designers avoid screen refresh or update flicker or

flashing frequencies between 10-25 hertz (with a peak around 15-20 hertz).

SECTION 2: Input/Controls

Vanderheiden and Vanderheiden point out that the layout, labelling, or

method of operating controls and other input mechanisms of products can

be confusing or unclear to people who are cognitively disabled.  Here are

the some of the difficulties these many of these people encounter:

confusion when they confront complex, cluttered control layouts, with

many, and/or a variety of types of controls; difficulty selecting from large

sets; trouble remembering sequences; confusion with dual controls;

difficulty if required to rely solely on textual labels (especially if

abbreviations are used), and difficulty associating labels and controls; trouble

with timed responses which involve text.  The authors offer these design

recommendations:

1. where practical, limit the number of choices the user must make;

2. use layer of controls, where only the most frequent or necessary

controls or commands are visible unless a door is opened, or

additional levels of commands are activated;

3. as often as is possible, remove the need for controls by making

products automatic or self-adjusting;

4. minimize dual purpose controls;

5. use direct selection techniques (i.e., selection techniques which

require only a single, simple, non-time dependent movement to

select);

6. place labels on or adjacent to the appropriate control;

7. place a line around the button and label or from the former to the

latter to show association;

8. leave space around keys;

9. use multisensory presentation of feedback information;

10. use inter-interval labeling

11. allow use of programmable function keys or a default mode;

12. use pre-programmed buttons for common sequences;

13. allow entry of a short code for a longer sequence;
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14. simplify required sequences, limiting the number of steps;

15. arrange controls to indicate the sequence of operation;

16. add memory cues or simple operating instructions on the device

where possible;

17. cue required sequences of action;provide an a easy (as well as

prominent and clear) exit that returns the user to the original

starting point from any point in the sequence;

18. lay out controls to follow function;

19. make operations follow movement stereotypes;

20. use common lay outs or patterns for controls;

21. use common color coding conventions in addition to textual or

graphic labeling; 

22. standardize within and across products and manufacturers by using

same shape/color/icon/label for same function and action;

23. design controls to move in the same plane and direction as the

display or system that they affect;

24. do not use only abstract symbols for labeling.

SECTION 3: Manipulations

Some people with cognitive disabilities have difficulty remembering codes

required to operate a device (e.g., a PIN number for a ATM), have difficulty

with serial order recall and thus have difficulty performing tasks in the

correct sequence; have difficulty performing tasks within the required time

due to a delayed reaction time; find trouble in choosing from available

selection options (e.g., selecting paper size on a printer); cannot understand

the concept of measuring/quantifying; have significant difficulty discovering

what and where the problem lies when a device fails to function properly

and in turn might have difficulty identifying solutions to problems that they

have identified.  Vanderheiden and Vanderheiden offer these design

recommendations:

1. keep things as simple as possible;

2. provide cues or prompts for sequences of actions required;

3. write instructions directly on the device;

4. have programmable keys for commonly used sequences;

5. provide easy ways out of any situation;

6. eliminate timed responses (or make times adjustable);
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7. provide feedback to the user when the device is busy or “thinking;”

8. hide seldom used controls

9. incorporate pre-measuring methods whenever a quantifiable

amount is required;

10. provide prompts to inform users about the source(s) of problems

and lead them to actions to be taken to solve them;

SECTION 4: Documentation

Printed documentation (e.g., installation instructions) might not be

understandable to some people with cognitive disabilities, for they might

(for example) have difficulty distinguishing directional terms or following

multi-step instructions.  Vanderheiden and Vanderheiden recommend the

following:

1. provide clear, concise descriptions of the product in its initial set-up;

2. provide descriptions that do not require pictures (e.g., words and

numbers used redundantly with pictures and tables) for all of the

basic operations;

3. format with plenty of white space to create small text groupings and

bullet points;

4. highlight key information by using large, bold letters put at the front

of the text;

5. provide step-by-step instructions;

6. avoid directional terms (e.g., left, right, up, down) whenever possible.

SECTION 5: Safety

The authors note that people with cognitive impairments might not

understand the nature of a warning quickly enough.  They recommend:

1. use redundant visual and auditory format for alarms

Ward, Carolyn.  1990.  Design for All: Consumer Needs Assessment

Project Year 2: Results of the Second Year of a Five Year Study.

Washington, DC: Electronic Industries Foundation, Rehabilitation

Engineering Center.

This report is a written evaluation of focus groups on the accessibility of
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consumer products, which contains a number of assessments of

telecommunications and cognitive disability drawn from anecdotes of these

users.  

As the report notes, many people who have limited memories encounter

difficulties following the directions for devices.  On the basis of remarks

made by focus-group participants, the report recommends that instructions

and operations of devices be kept simple.  In addition to limiting the

number of functions within a specific device, the focus-group participants

suggested that instructions on products be written in plain English.  In short,

consumers do not want to be overwhelmed by the multiple capabilities of

products or confusing instructions.  Computer manuals were specifically

identified as culprits in this regard.

W3C. 1998.  Web Accessibility Initiative (WAI).  W3C working draft of

WAI Accessibility Guidelines: Page Authoring. Web: http://www.w3.org

This document is a list of markup guidelines that HTML authors should

follow in order to make their pages more accessible for people with

disabilities and more useful to indexing robots.  Following the list of

guidelines is a checklist that authors and Web masters should use to verify

page accessibility.  Tools that generate documents in HTML (authoring

tools, file conversion packages or other products) should produce

documents that follow these guidelines.  This document is part of a series

of accessibility documents published by the Web Accessibility Initiative.   It

is a work-in-progress.

West, Robin. 1989. “Planning practical memory training for the aged.”

In L.W. Poon, D.C. Rubin, and B.A. Wilson (Eds.), Everyday Cognition in

Adulthood and Late Life. city: Cambridge University Press. 573-597.

Reviews of inconsistent self-report literature indicate that older adults most

frequently say they have problems remembering names. They also have

problems with immediate memory (including what one was about to do),

conversations, and recalling recent events (secondary memory). The data

on increased absentmindedness and problems with prospective memory

(remembering to complete a task in the future) are inconsistent.

Ideally, a practical memory task would have: (1) realistic content, like

meeting real people vs. seeing slides; (2) realistic encoding conditions, like

writing down a grocery list rather than hearing a list read by an

experimenter; (3) realistic retrieval conditions, like retracing one’s steps

rather than drawing the path on a map; and (4) realistic motivations, such as
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content that the person needs to remember for a real-life task. These

conditions are difficult to meet in controlled experimental tasks. Even so,

lab studies indicate that new learning or episodic memory is difficult for

older adults, even when the test conditions are similar to everyday tasks.

External strategies are the most common type of memory aid in everyday

situations. Strategic aids include lists, calendars, “preparation” (using visual

external cues) and notes. In studies of spatial memory, older adults using

consistent, organized arrays for objects find them as easily as younger

adults. This has implications for household organization and trips to familiar

environments (e.g., chain grocery stores). Self-paced acquisition, distributed

practice, and overlearning occur in familiar environments. Results from

studies of older adults finding their way around unfamiliar environments are

mixed. They seem to do better when helped to integrate different views or

perspectives into a mental model of the entire space. Techniques to do this

include frequent movement (walking through or drawing paths on maps),

identifying landmarks, and visualizing landmarks in perspective with known

landscape features.

Strategy recommendations for activity memory depend on task type.

Performed activities are encoded “effortlessly” but are “effortful” to recall.

A possible strategy is to make the coding distinctive: plan a similar activity

for the same time, or use visual imagery to make today’s occurrence of an

event stand out from yesterday’s.  Prospective tasks can be similarly

elaborated, or linked to higher-level goals, but external aids are also

important.

Face recognition is more unreliable with age – more false alarms occur. The

best strategy is to identify distinctive features and to evaluate the face in

terms of personality and friendliness. Name-face matching and cued name

recall may be improved by tying them to social context, by distributed

practice, by overlearning, by visual imagery, and by verbal elaboration.

(Some of these strategies are just as effective for younger adults.)

West notes that many of the preceding strategy recommendations may not

be robust enough to be maintained and generalized in daily life. First, a

strategy must be easy to use. Older adults might be taught strategies that

require fewer resources – one interactive image for several items, rather

than the peg system. (The peg system teaches concrete images, or “pegs,”

for each position in a list. “One is a bun, two is a shoe, three is a tree,” and

so on. The learner, when presented with a list of items, associates each

with its peg, forming an image. If the first item in a list is “blue,” then the

learner imagines a blue bun, and so on.) Extensive, repeated practice may

help to make a simpler strategy automatic. Second, strategy training should

include strategy selection processes: what strategy to use when? For

example, interactive imagery can be used for any task requiring links
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between two or more items: shopping lists, errand lists, people that need

to be seen and the appropriate time (appointments), etc. Third, training

must be monitored for effectiveness. Strategies should be analyzed into

their component skills, and mastery of those skills assured. Fading

techniques can be applied to ensure that the strategy can be used when the

experimenter isn’t present.

West recommends types of strategies that can be applied generally,

including those proven effective in the laboratory that tend not to be taught

as practical, everyday methods. These include verbal elaboration, self-

monitoring (for effectiveness of one’s memorizing behavior), retrieval

strategies that focus on mood, context, gist or material deliberately

associated with the target item, and external aids.

World Health Organization.  1980.  International Classification of

Impairments, Disabilities, and Handicaps (ICIDH) Geneva.

In 1980, the World Health Organization issued the International

Classification of Impairments, Disabilities, and Handicaps (ICIDH) in

accordance with Resolution (WHA29.35) of the World Health Assembly.

ICIDH terminology refers to three concepts: impairments, disabilities, and

handicaps.  These concepts are defined in the following way:

Impairment: “any loss or abnormality of a psychological, or anatomical

structure or function”. Impairments are disturbances at the level of the

organ. 

Disability: “any restriction or inability (resulting from an impairment) to

perform an activity in the manner or within the range considered normal

for a human being”. This describes a functional limitation or activity

restriction caused by an impairment. Disabilities are descriptions of

disturbances in function at the level of the person. 

Handicap: “any disadvantage for a given individual, resulting from an

impairment or a disability, that limits or prevents the fulfillment of a role

that is normal ... for that individual”. The classification of handicap is a

classification of circumstances that place individuals “at a disadvantage

relative to their peers when viewed from the norms of society”. The

classification of handicap deals with the relationship that evolves between

society, culture and people who have impairments or disabilities, as

reflected in people’s life roles.

This 1980, International Classification of Impairments, Disabilities, and

Handicaps was a classification of the “consequences of disease”.

Classifications of diseases fail to capture the variety of experiences of
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people who live with health conditions, and the ICIDH-2, now available for

beta testing, was designed to fill that gap.

The ICIDH-2 has the following new information:

■ Social model orientation 

■ Operational definitions given for all categories

■ Neutral terminology 

■ Structural and functional Impairments 

■ ‘Activity’ instead of ‘Disability’

■ ‘Participation’ rather than ‘Handicap’ 

■ Includes environmental factors 

After two decades of use, the classification required revision in light of

changes in health care provision and a new social understanding of disability.

The ICIDH-2 is a multi-purpose classification designed to serve different

sectors and to provide a common framework for understanding the

dimensions of disablement and functioning at three different levels: body,

person and society.

The ICIDH-2 reflects the model of human functioning in which functioning

and disablement are viewed as outcomes of an interaction between a

person’s physical or mental condition and the social and physical

environment. Hence ICIDH is a synthesis of biological and social models of

illness & functioning.

Yesavage, Jerome A., Lapp, Danielle, and Javaid I. Sheikh. 1989.

“Mnemonics as modified for use by the elderly.” In L.W. Poon, D.C.

Rubin, and B.A. Wilson (Eds.), Everyday Cognition in Adulthood and

Late Life. city: Cambridge University Press. 598-611. 

Adults in their 70s test 15% to 40% lower on various measures of

intelligence or cognitive function than adults in their 20s, even when timed

test-taking is removed as a possible factor.

Training programs, specifically in mnemonics, have been shown in the lab to

improve selected cognitive processes, including memory, to about the same

degree that those processes have declined. These methods have several

drawbacks, however:
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■ They are complicated and perhaps only appropriate for educated,

motivated elders. For example, the method of loci – though it

improves recall scores for both older and younger adults – requires

users to map items to locations in a familiar building and then to

elaborate on those links. Older people may have more difficulty using

this strategy on their own.

■ Image-based strategies may be more difficult for older adults, who

find it difficult to produce and remember visual images and visual-

imagery associations.

■ Performance anxiety may decrease recall.

■ Improvement may be short-term, since encoding processes may be

more superficial in older adults (unless they are encouraged to

increase the “depth” of processing).

■ Some treatment effects are not large enough to be useful.

Various attempts have been made to improve the use of mnemonics by

preliminary training. This work takes one of three approaches.

■ Pretraining visual imagery. Although improvement in face-name recall

was seen, it didn’t take effect until after mnemonic training. Visual

imagery improves memory only when it helps organization (Pavio,

1971).

■ Improving elaboration of encoding. This strategy encourages learners

to associate more, nonredundant information with the item to be

recalled. In one face-name learning study, older adults did best when

they turned the surname into a concrete word, formed an association

between that and a prominent facial feature, and then judged the

pleasantness of that association. (Yesavage, Rose, & Bower, 1983).

■ Increasing concentration and relaxation. The hypothesis is that

relaxation minimizes distracting, anxious thoughts, thus permitting

older people to better focus their limited capacity on the task at

hand. If done first, concentration training does improve mnemonic

training (Yesavage & Rose, 1983). Because there is an optimal level of

arousal associated with performance, only participants with high initial

anxiety levels benefit from relaxation (Yesavage, 1983).

The authors recommend more research into several areas. First, long-term

retention of mnemonics: one study indicates that older people can retain

their improvement in cognitive functioning over 6 months if pretraining is

used (Sheikh, Hill, & Yesavage, 1986). Second, more work on practical
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techniques: West (abstracted elsewhere in this report) translates laboratory

findings into more practical everyday techniques. Third, developing tests of

appropriate difficulty: some studies suffer from ceiling effects, but there are

wide differences in ability in older adults, and making the test challenging

enough for some makes it discouraging for others. Fourth, selection of

appropriate treatment for individual memory problems, especially for

people with dementia, head injury, or other brain traumas.

Young , Stuart W.  1994.  “Event Control.”  Investigative Radiology 29

(5): 590-593.

In this article, Young provides instruction on goal planning and time

management.  This article will be useful to people who have brain injuries,

for whom organizational tasks and self-awareness are compromised, as well

as for people with learning disabilities, some of whom have difficulty with

goal planning.  Young explains how features of conventional time

management systems can be adapted to available electronic scheduling

devices such as, the Sharp Wizard (Sharp Corp., Japan), which is pocket-

sized, with a built-in clock, rolodex, memo, and calendar and scheduling

functions, as well as several other functions.  A random access memory

card provides back up for the system. 
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