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ABSTRACT

This paper presents the concept of a Common Accessibility Profile (CAP) that can be used as the basis for designing and evaluating systems and their components (including Assistive Technologies that are added to systems).  The CAP is being developed by International Organization for Standardization (ISO) / International Electrotechnical Commission (IEC) Subcommittee 35 User Interfaces based on the Universal Access Reference Model (UARM).  The UARM provides a basis for understanding accessibility issues with the interactions between users and systems in various environments.  The CAP provides a basis for identifying and dealing with accessibility issues in a standardized manner across multiple platforms.  CAPs can readily be developed for existing systems and their components and can be custom developed for specific users and environments.  This paper also describes various applications of the CAP.  
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1. INTRODUCTION

Accessibility results when systems and users can successfully communicate with one another.  There are many different factors that can contribute to a lack of accessibility, including factors that come from the system, the user, the environment, or even the context of the communication.  Thus, there is no single measure of accessibility for a given system.  Likewise, following a set of recommended or legislated practices, which are based on the needs of some users with some types of disabilities, may not meet the accessibility needs of other types of users in other situations.  Because of the many different situations to be considered, there is a need for some common method of evaluating accessibility in different situations.

Systems may be rigidly designed with little flexibility and may require users to have input and output skills that not everyone has.  For example, the system may require a user to provide keyboard input and perceive screen output.  Systems may also be flexible and allow users a choice in modalities to present.

Most users are flexible and have abilities that systems do not require (e.g., taste, smell).  However, users may not have abilities that the system requires (e.g., manual dexterity).  If the system provides flexible choices from more than one input/output modality, accessibility may be provided for a wider range of users.  For example, a user who cannot use a mouse might be able to use the keyboard if the system supports MouseKeys input (Lee & Vanderheiden 1987).  If not, the user must use some additional Assistive Technology (AT) that supports alternative pointer input.

Different users (especially those with disabilities or other “non-standard” requirements) may need to use specialized components, such as one or more AT, to achieve accessibility with a given system.  It is not always obvious to a user seeking an AT which of the many AT choices is best suited to their needs.  Further, because of the need for an AT, information about the various available ATs that may meet a specific user’s needs may not be accessible to that user.  Finally, the addition of any new AT introduces potentially unpredictable interactions with other system components (including any other ATs) and may in fact create a new accessibility concern.  This further supports the need for a standard way of describing and evaluating an accessible computing experience.

There is a need for a single method of determining what accessibility can be expected / required / legislated to achieve this goal of making information systems accessible to all citizens.  Once these expectations are established, this method should also be able to be used to evaluate the accessibility of different systems for different users in different contexts of use.  International Organization for Standardization (ISO) / International Electrotechnical Commission (IEC) Joint Technical Committee (JTC) 1 Information Technology Subcommittee (SC) 35 User Interfaces is developing such a method based on the CAP (ISO & IEC 2005).  

This paper develops the concept of a Common Accessibility Profile (CAP).  CAPs can be used as the basis for describing and evaluating both systems and their components (including ATs added to systems) and the capabilities and needs of various groups of users.  When the needs/capabilities of users and systems are incompatible, issues of accessibility arise.  When used to describe what systems and users require and can do, CAPs can determine where issues of accessibility might appear.

2. BACKGROUND

The concept of a CAP is the latest in an evolving set of international standards dealing with accessibility that have benefited from the development of the Universal Access Reference Model.
2.1 Universal Access Reference Model

The “Universal Access Reference Model” (UARM), illustrated in Figure 1, was developed to provide a basis for a blame-free model for evaluating accessibility issues (Carter & Fourney 2004a).  This reference model was used to help structure ISO 9241-20 (ISO 2006a) and has helped in the evolution of ISO 9241-171 (ISO 2006b).  It concentrates on the accessibility of interactions between a user and a system.  The term “handicap” is used to denote any barrier that may interfere with the accessibility of interactions between users and systems.  A handicap may have one or many sources among the system, user, interaction, and/or environment.  Handicaps are illustrated as valves in the model to indicate that interactions may be fully, partly, or not at all accessible.
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Figure 1.  Universal Access Reference Model (UARM)
Accessibility is improved when handicaps are removed or minimized.  This model is “blame-free,” since overcoming any handicap is more important than attributing blame to the source of the handicap.  ATs are one of various methods to open the valve between systems and users (Carter & Fourney 2004a).
2.2 ISO and ISO/IEC Contributions to Accessibility
International standards play an important role in global commerce.  They present international agreement on reasonable expectations in a wide range of fields.  Because of their widely respected status, international standards may even provide the basis for national and international legislation.  

Three standards, ISO 9241-171, ISO 9241-20, and ISO/IEC 24756, focus on the design and support of accessible information systems.  These standards provide a human-centred perspective of disability based on the notion of context of use described in ISO 13407 (ISO 1999).  Their upcoming publication is a major achievement in the evolution of accessible information system design towards the day when it is fully assimilated and routinely considered a part of all software development (Fourney & Carter 2006).

2.1.1 ISO 9241-171
The Human Factors and Ergonomics Society’s HFES/ANSI 200 committee recognized the importance of developing accessibility standards and started work in this area in the mid 1990’s.  While their original draft was based on the Nordic Accessibility Guidelines (Thorén 1998) they have gone far beyond the original set of guidelines.  In 1998 the HFES/ANSI 200 committee submitted their work to date to ISO Technical Committee (TC) 159 Ergonomics Subcommittee (SC) 4 Ergonomics of human-system interaction Working Group (WG) 5 Software Ergonomics and Human Computer Dialogues as the basis for international work on software accessibility standardization.  This led to the development and publication of ISO TS 16071 (ISO 2003).
International standards are typically based on empirical research, accepted best practice, or both.  Often, standards developed by one country are offered as a source for an international standard.  This is true of ISO 9241-171 Guidance on software accessibility, which is based on the American HFES/ANSI 200.2 and the predecessor document ISO TS 16071.

The ISO 9241 series is a set of standards concerned with the ergonomics of computer software.  Part 171 is especially concerned with the accessibility of software.  An evaluation of the content of ISO TS 16071 soon after its publication suggested a number of key areas that needed further attention (Carter & Fourney 2004a).  Whereas ISO TS 16071 focused on providing accessibility to people with special needs, ISO 9141-171 takes a wider “design for all” approach.  The current version of ISO 9241-171 contains over 130 individual guidelines as well as guidance on complying with these guidelines (ISO 2006b).
ISO 9241-171 contains a variety of new content beyond that found in previous versions.  For example, ISO 9241-171 defines accessibility as the, “usability of a product, service, environment, or facility by people with the widest range of capabilities”.  Many authors believe that there should be no distinction between the concepts of usability and accessibility (e.g., according to Moulton, Huyler, Hertz, & Levenson 2002, “Accessibility is good usability.”), and that the term “usability” should encompass the meaning of both terms.  The ISO definition of the term “accessibility” recognizes that usability problems impact all users equally, regardless of ability and that a person with a disability is not disadvantaged to a greater extent by usability issues than a person without a disability (Thatcher et al.  2002).

This ISO definition also recognizes that accessibility cannot be seen as a “special case” of usability.  It is often reasoned that, if usability is about producing products and systems that are easy to use and perform the function for which they were designed, then accessible design is about producing products and systems that are usable by all persons regardless of (dis)ability.  The danger with this view of accessibility is that a product could be “usable” without being “accessible.”  That is, a designer could view accessible design as “outside of” usable design and design an inaccessible product.

2.1.2 ISO 9241-20

With the explicit focus of ISO 9241-171 on software accessibility, the need was recognized for a computer hardware accessibility standard.  However, in advance to developing a specific hardware standard, the ISO committee on Ergonomics of Human-system Interaction (ISO TC159/SC4) decided to develop a higher level systems and services standard that would apply to both hardware and software, without duplicating any of the content that is contained in ISO 9241-171 or that would be contained in a hardware accessibility standard.  The result is ISO 9241-20 Accessibility guidelines for information communication equipment and services (ISO 2006a).
ISO 9241-20 recognizes that accessibility is achieved and improved by serving “the widest variations within a context of use” which can be based on user characteristics, equipment characteristics, environmental characteristics, and task characteristics, and their variability (ISO 2006a).  It presents a framework for accessibility that considers the characteristics and needs of users, tasks, equipment, and the environment and presents guidance relating to each of these four types of characteristics.  It also presents 18 user-related, 15 equipment-related, 6 task-related, and 3 environment-related guidelines.

2.1.3 ISO/IEC 24756

ISO/IEC 24756 Algorithmic framework for determining accessibility for individual users of interactive systems is a standard, based on empirical research, that identifies “inaccessibilities” (ISO & IEC 2005).

ISO/IEC 24756 is based on the concept of a CAP originally developed by Carter and Fourney (2004b), the definition of accessibility provided by ISO 9241-171, and the model originally used to evaluate the content of ISO TS 16071 (Carter and Fourney 2004).  Where ISO 9241-20 and ISO 9241-171provide guidance on particular techniques that can improve accessibility by expanding the range of users of a system, ISO/IEC 24756 (the CAP) provides high-level guidance for identifying impediments to accessibility.

ISO/IEC 24756 compares the needs and abilities of systems with users to communicate using various modalities and takes into account the environment(s) in which the user and system interact.  It allows the consideration of multiple levels of system components, including: application software, operating systems, computer hardware, peripheral devices, and ATs.  This standard can be used to analyze existing human-computer interactions and to help evaluate the usefulness of proposed ATs.
2.3 Components of a CAP

Common accessibility profiles can exist at various levels of specificity.  Currently they can be defined at four levels:

· an overall combination of interacting components  
· specific interacting components (users, systems, assistive technologies, channels, and environments) 
· component features (inputs, outputs, and processes) of interacting components

· individual processing functions (that involve specific modalities and media)

This four level structure can identify sensory, physical, and linguistic accessibility issues.  Because of the structure of the CAP it is possible to add more detailed levels as they are needed.  For example, the CAP could be extended to identify further cognitive accessibility issues.

3. USING CAPS
CAPs can be used to evaluate handicaps, evaluate systems and their components, and manage the use of system components.  To apply a CAP, one must first acquire it.

3.1 Acquiring CAPs

A database of CAPs for systems and their components is initially developed from existing technical specifications for an organization or a set of users.  This can be further enhanced over time by adding user feedback, if the CAP database is made publicly accessible.  User feedback, such as consumer ratings and/or reviews, can differentiate solutions, assess their quality, and evaluate product appropriateness from a consumer perspective.  Such user feedback, even if sparse or incomplete in nature, can identify the need for new products as well as provide feedback to existing products.

The development of CAPs for users and environments can be performed through tools that work with a CAP database.  Such tools can also help users to select the most appropriate system components (e.g., ATs) to improve accessibility and usability.

3.2 Using CAPs to Identify Handicaps

Figure 2 shows we can apply an algorithmic approach to the use of the CAP when identifying handicaps.
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Figure 2.  Using CAP to identify handicaps
The starting point is an identified user and system.  A user’s tasks (1) lead to the selection of specific operating systems and/or application programs to be used.  Where particular selections are not made, this defaults to the selection of all known systems, operating systems, and/or applications.  These processing requirements are compared (2) to system processing capabilities to select the channels needed for interacting with the user.  This involves identifying channels (3a) to send information to the user and identifying channels (3b) to receive user communication.

Once these channel selections have been made on the system side, there remains a need to check whether or not the user has the ability to use these channels (4a, 4b).  In situations involving multiple users, considerations must be made for each user.

If users do not have the ability to use some subset of these channels, handicaps may exist.  Environment-based handicaps are also modelled within a CAP as handicaps to channels.

All of the resulting handicaps are opportunities for systems and their components (including ATs added to systems) to improve accessibility.  Thus, by starting with user, system and environmental CAPs, one can identify user needs that are handicapped.

3.3 Using USER CAPs as Legal / Contractual Requirements

Many current sets of legal accessibility requirements, such as Section 508 of the Rehabilitation Act (USA), focus on requiring specific system designs / components to meet the needs of a limited set of individual disabilities.  Grouping these different requirements together can present unnecessary limitations both in the design of systems and in the resulting usability of these systems.  Likewise, the resulting complexity of such an approach tends to limit the variety of users with disabilities who are served by such accessibility requirements.  For example, accessibility requirements tend to recognize the needs of the blind and needs of the deaf as two distinct sets of needs and to assume that the conjunction of these requirements will meet the needs of the deaf-blind.  However this is seldom the case.

CAPs can be used to specify various sets of user needs that need to be met in order for a system to be declared “accessible” according to some set of legal or contractual requirements.  It is relatively easy to create a CAP for a deaf-blind user as well as CAPs for deaf or blind users.  By focusing on the abilities of the user, these CAPs provide a basis for assessing whether or not systems are accessible to them.  It is not necessary to further specify in accessibility requirements how the system meets their needs.  The accessibility can easily be evaluated in the same way that handicaps are identified in Section 3.2.  If handicaps are present, then the system is not accessible.  
3.4 Using CAPs to Select ATs

We can develop an algorithmic approach to the minimization of handicaps by comparing the CAPs of potential ATs with the combined CAPs of the user, system, and environment.  The set of handicaps previously identified, can be used to find an AT that best minimizes as many of the handicaps as possible and that interfaces with the system, the user, and the environment.  For an AT to interface with the system, it needs to be compatible to the systems’ properties (media, styles, operating systems and/or applications).  To interface with the user, the AT should use skills that the user has (e.g., literacy).  To interface successfully, the environment should not excessively handicap the accessibility of selected channels (e.g., noisy environments can handicap speech output).

Once an AT has been selected, its CAP is used along with the CAP of the system.  However, the addition of an AT may introduce new handicaps (e.g., the best choice may require a skill the user does not have) that may require additional ATs.  Thus, the process of identifying handicaps should be repeated after an AT has been added.  If there are any handicaps remaining, handicap minimization can be repeated until accessibility has reached an acceptable level.

CAPs can also be used to help select combinations of systems and ATs for use in multi-user settings, such as those provided by educational institutions.

3.5 Using CAPs to Manage Systems and Their Components

CAPS can be used within a system’s context to provide the system with information about how best to interface with its user and any other systems and their components being used within the current environment.

CAPs can be created for different base and alternate configurations of users, environments, and systems.  These configuration CAPs can be entered directly into a system or created externally and then downloaded into these systems and/or accessed by these systems when required.

3.5.1 Developing a Base Configuration

An initial base configuration of a situation is described in terms of the set of CAPs representing all relevant systems, users, and environments.  This should identify accessibility needs, optimal connections between multiple systems and their components, and user preferences.

Optimal connections reduce handicaps.  For example, to identify these connections, the CAPs of each AT could be compared to ensure that no two ATs contradict each other.  Such contradictions might increase rather than reduce handicaps.

User preferences may be realized through either programmable component settings or system configurations.  The CAP of a component can include information about available user preferences based on the different usability ratings provided for different channels.  This information may assist in the optimal configuration of systems and their components.

A base configuration CAP can be easily developed by selecting CAPs for appropriate system(s) and their component(s) from a standard database of CAPs and then entering CAPs for the intended user(s) and environment(s).  A base configuration may be produced during the selection of new components or later once they have been procured and installed.

3.5.2 Developing Alternate Configurations

Once a base configuration has been established, it is possible to develop alternate configurations that respond to changes based on the needs of one or more specific users, applications, and/or environments.

Differences between users and even within a single user over time provide different accessibility needs.  This is especially important in multi-user environments such as educational settings where multiple students with different accessibility needs may make use of a limited number of systems and ATs in an accessible lab.  Different users have different abilities, skills, and/or preferences as well as different task needs when using the same system at different times (Carter & Fourney 2004a).  As a result, alternate configurations may be developed for multiple users to share the same system.  This allows users who need different system/component configurations (e.g., a configuration without ATs, a configuration with a specific AT, etc.) to use the system (or portions thereof).  Alternate configurations may be developed either proactively or in response to short-term changes.

Users of a system may utilize specialized CAPs when switching among various applications according to the task they are performing.  Alternate CAP configurations may be developed for different applications which make use of different media / styles with differing levels of usability.  The use of specialized application-specific CAPs can increase the accessibility of each individual application.

The physical environment within which the user is using the system may not remain stable.  Alternate CAP configurations may be developed either proactively or in response to different environments.  This allows the system to have ongoing awareness of its environment.  For example, the accessibility of a mobile computing system could benefit from the application of alternate CAP configurations that respond to changes in the environment.

The CAP for a new alternate configuration can easily be based on a copy of the base configuration CAP.  This new alternate configuration CAP is then modified in one or more of the following manners: including additional (system / component) CAPs from the standard database of CAPs, entering new and/or modifying existing (user / environment) CAPs, and/or deleting (system, user, and/or environment) CAPs that do not apply to the new alternate configuration.  Alternate configurations should be deleted when they no longer apply.

3.5.3 Reconfiguring Configurations

Changes to one or more of the system, user, application, and/or environment may result in the need to reconfigure the base and/or alternate CAP configurations.  Changes can result from upgrades or replacements to the existing system (including additions or changes to the set of applications), the addition of new systems and/or components and/or upgrades or replacements to existing systems and/or their components, changes in the regular environment, and/or permanent changes to the user(s).

As noted above, differences between users and even within a single user over time provide different accessibility needs.  Progressive or permanent changes to one’s abilities, skills, and/or preferences mean that each individual user may have different accessibility needs at different times.  Such progressive or permanent changes to the user will involve a need to reconfigure their CAP configuration.

Permanent modifications will change existing base and/or alternate CAPs.  Temporary modifications can be accomplished by creating new alternate configurations.
Therefore, CAPs are highly adaptable and simple to use to evaluate handicaps, evaluate systems and their components, and manage the use of system components.

4. STANDARDIZING THE CAP

Different countries have different legal requirements for the accessibility of systems.  One country’s legal requirements may be incompatible with another’s.  Using an international standard to specify one commonly accepted approach to evaluating accessibility simplifies the assessment of accessibility and identification of incompatibilities between systems from different countries.  As mentioned above, CAPs can be used to specify various sets of user needs required for a system to be considered “accessible” according to some legal/contractual obligation.  An international standard based on the CAP can provide a commonly accepted method to evaluate a system’s accessibility to a user.  

ISO/IEC JTC1 SC35 has recognized the potential of the CAP and is developing ISO/IEC 24756 based on it.  The ISO/IEC development process involves multiple nations participating in both the development and review of a document through a five stage process (Working Draft, Committee Draft, Final Committee Draft, Final Draft International Standard, and International Standard).

In 2005, the CAP passed an initial international vote on a proposal to commence work on developing it into a full international standard.  This vote accepted its usefulness and provided an initial acceptance of its face validity.  Recently, the CAP passed an international vote accepting it as a Committee Draft.  This vote accepts the CAP approach and has encouraged its further development towards becoming an International Standard.
In response to comments on the Committee Draft vote, the next version will further refine the CAP by defining machine processable formats for specifying and processing CAPs and by further describing how to use CAPs to evaluate and improve accessibility.

5. DISCUSSION

The CAP focuses on the CAPabilities of users, and systems and the minimizations of handiCAPs from the environment and incompatibilities among users, and systems.

This paper discussed how the CAP provides a basis for identifying and dealing with accessibility issues in a standardized manner.  CAPS can readily be developed for existing systems and their components and can be custom developed for specific users and environments.  It shows that CAPs can be applied to identifying handicaps and to evaluating and managing the use of systems and their components (including ATs added to systems) both for individual users and for select groups of specific users.  CAPs can be used to help select and support combinations of systems and their components for use in multi-user settings.  CAPs are also highly adaptable and easy to use.
Further development of the CAP by ISO/IEC SC35 will lead to widespread use of the CAP for these and other purposes.
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