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Foreword

This draft was developed for Ad-hoc 16 of ISO/IEC JTC1 / SWG-Accessibility by Dr. Jim Carter at the USERLab, in the Department of Computer Science at the University of Saskatchewan. It is expected to be discussed, enhanced, and revised by the members of Ad-hoc 16 prior to being forwarded to SWG-A for further consideration.
Introduction

While industry would like to have an easy to use generic test method to evaluate accessibility, it is unlikely that such a method can be developed and accepted at this time. This technical report discusses a number of issues related to evaluating accessibility and related concepts and a number of different evaluation approaches. In doing so, it highlights the needs and challenges that any proposed generic test method must satisfy in order to have any validity.
Information technology — User interface guidance — Guidance on creating alternative text for images
1 Scope

Various stakeholders, including end users, employers, manufacturers, and legislators, would all like an easy way to evaluate accessibility. Each type of stakeholder can have a different perspective on what they really want evaluated and why. The decisions about what to evaluate and why to evaluate that is a matter to be resolved between the various stakeholders involved in creating and using an accessibility evaluation.

This technical report does not recommend a single method of accessibility evaluation for use in all circumstances. Rather it provides requirements and recommendations that can be used in planning and conducting an accessibility evaluation via a range of different methods.

It also surveys known issues and some of the many methods and approaches that are related to evaluating accessibility within the ICT domain. It also identifies strengths and weaknesses of these methods and approaches that can be used to help stakeholders in choosing one or more methods or approaches to use in their accessibility evaluations.

2 Major references

ISO 9241-11 Ergonomic requirements for office work with visual display terminals (VDTs) — Part 11: Guidance on usability

ISO 9241-20 Ergonomics of human-system interaction — Part 20: Accessibility guidelines for information/communication technology (ICT) equipment and services

ISO 9241-171 Ergonomics of human-system interaction — Part 171: Guidance on software accessibility

ISO 9241-210 Ergonomics of human–system interaction — Part 210: Human-centred design for interactive systems

ISO TR 16982 Ergonomics of human-system interaction — Usability methods supporting human-centred design

ISO/IEC 24756 Information technology — Framework for specifying a common access profile (CAP) of needs and capabilities of users, systems, and their environments

ISO/IEC 25040 Software engineering - Software product Quality Requirements and Evaluation (SQuaRE) – Evaluation reference model and guide
ISO/IEC 25062 Common industry format for usability test reports

ISO/IEC 24786 Information technology — User interfaces — Accessible user interface for accessibility settings

ISO/IEC 29136 Information technology — User interfaces — Accessibility of personal computer hardware

ISO/IEC 29138-1 Information technology — Accessibility considerations for people with disabilities — Part 1: User needs summary

ISO/IEC 29138-3 Information technology — Accessibility considerations for people with disabilities — Part 1: User needs summary Part 3: Guidance on user needs mapping

3 Terms and definitions (and abbreviated terms)
For the purposes of this document, the following terms and definitions apply

3.1

accessibility

<interactive systems> usability of a product, service, environment or facility by people with the widest range of capabilities 

NOTE 1
The concept of accessibility addresses the full range of user capabilities and is not limited to users who are formally recognised as having disability.

NOTE 2
The usability-oriented concept of accessibility aims to achieve levels of effectiveness, efficiency and satisfaction that are as high as possible considering the specified context of use, while paying attention to the full range of capabilities with the user population.

[ISO 9241-20 definition 3.1, ISO 9241-171 definition 3.2, ISO/IEC 24756 definition 4.1]

the degree of effectiveness, efficiency and satisfaction when people with the widest range of capabilities use a product

[ISO/IEC 25010 definition 6.4.6]

3.1.1
usability
extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use

[ISO 9241-11 definition 3.1]

3.1.2
effectiveness

accuracy and completeness with which users achieve specified goals

[ISO 9241-11 definition 3.2]

3.1.3
efficiency

resources expended in relation to the accuracy and completeness with which users achieve goals. 
[ISO 9241-11 definition 3.3]

3.1.4
satisfaction
freedom from discomfort, and positive attitudes towards the use of the product 

[ISO 9241-11 definition 3.4]

3.1.5
context of use

users, tasks, equipment (hardware, software and materials), and the physical and social environments in which a product is used

 [ISO 9241-11 definition 3.5]
3.xxx

user accessibility need

user need

a requirement of a product, service or its environment of use that improves accessibility to the system for users whose abilities are reduced through environmental factors, injury, disability, or natural degradation from aging

NOTE Where there are many other types of user needs, this Technical Report only deals with user accessibility needs and thus uses the shorter form "user need" to refer to user accessibility needs.

NOTE It might not be possible to meet all user needs.

NOTE [ISO/IEC 29138-1 definition 2.8]
4 Framework for understanding accessibility
Accessibility is complex

The definition of accessibility, shared between multiple ISO and ISO/IEC standards, is based on extending the ISO 9241-11 concept of usability to people from populations with the widest range of capabilities. While this definition is very satisfactory for developing accessible systems, it poses a number of problems for attempts at evaluating the accessibility once it is developed.
Evaluating accessibility should be a carefully planned complex activity.

Accessibility measures
ISO 9241-11 refers to effectiveness, efficiency, and satisfaction as different types of usability measures. It states [in ISO 9241-11 clause 5.4.1]:

· “It is normally necessary to provide at least one measure for each of effectiveness, efficiency and satisfaction. Because the relative importance of components of usability depends on the context of use and the purposes for which usability is being described, there is no general rule for how measures should be chosen or combined.”
· “The choice of measures and the level of detail of each measure, is dependent on the objectives of the parties involved in the measurement. The relative importance of each measure to the goals should be considered.”
There is no single measure of accessibility that can fulfill these needs. Rather a set of measures is needed to fully evaluate accessibility. Different evaluations will result depending on the measures selected.
Plans for evaluating accessibility shall identify the usability measures to be evaluated.
Most current guidance on accessibility [ISO 9241-20, ISO 9241-171, ISO/IEC 24756, ISO/IEC 24786, ISO/IEC 29136, ISO/IEC 29138-1] only focus on achieving equivalent effectiveness for the widest possible range of users. While satisfying such guidance can improve accessibility, it is recognized that evaluations based only on satisfying such guidance do not evaluate the full range of accessibility measures. The Common Access Profile [ISO/IEC 24756] recognizes this limitation by focusing on the concept of access, rather than accessibility.
It is recognized that different users will have different levels of efficiency. In populations with the widest range of capabilities, major variances in efficiency are to be expected. An average value (or a range of values) for a particular efficiency measure for such a population would be misleading. (see clause 4.4 Different user capabilities for further information on dealing with diversity within such a population. 

Because of the importance of dealing with diversity in a population, it is easier to compare the efficiency of two systems for a range of users than it is to efficiency expectations for a single system. By comparing two systems for a range of users, it is possible whether one system is consistently more efficient or whether the relative efficiencies between systems are dependent on differences in user characteristics.
Satisfaction also is a difficult concept to evaluate with regards to accessibility. Evaluating satisfaction with regards to accessibility is more complex than just asking users how satisfied they are with a given system. Satisfaction is generally relative to expectations. The greater the presence of alternative systems a user can choose from; the higher that the expectations of users are likely to be. Thus, users in need of basic access may report a very high level of satisfaction with anything that gives them that access. Thus, satisfaction is best evaluated by evaluating a wide range of satisfaction related issues.
Accessibility evaluations should consider a wide a range of different usability measures, in order to cover the various aspects that make up the concept of accessibility.

Reports of usability evaluations shall identify the usability measures that were evaluated and the methods by which they were evaluated.

Reports of usability evaluations shall not attempt to present a single usability metric, whether based on a single usability measure or some combination of usability measures, as being a complete measure of accessibility.
Different contexts of use

Most current guidance on accessibility [ISO 9241-20, ISO 9241-171, ISO/IEC 24756, ISO/IEC 24786, ISO/IEC 29136, ISO/IEC 29138-1] is presented in a context independent manner. While this satisfies the ISO/IEC 25010 definition of accessibility, it does not satisfy the more widely adopted definition of accessibility that is based on the ISO 9241-11 definition of usability.

The ISO 9241-11 definition of usability specifies that usability is based on the context of use.  Accessibility is related to a particular combination of users, tasks, equipment, and the environments. Individual equipment components / systems will have different accessibilities for different users, different tasks, different environments and different combinations of these.

Clause 5.3 of ISO 9241-11 provides guidance on describing contexts of use for specifying and measuring the usability of products. Clause 6.2 of ISO 9241-210 provides further guidance on understanding and specifying the context of use for designing systems. Clause 6.2.3 of ISO 9241-210 states that, “The context of use of the system should be described in sufficient detail to support the requirements, design and evaluation activities.”
Accessibility should be evaluated in the different contexts of use that can be anticipated.
Where multiple contexts of use are involved in an accessibility evaluation, their results should be reported separately along with information describing the particular context of use to which they apply.

Different user capabilities
Because of their differing capabilities, different users can experience different levels of accessibility with the same system, even within the same environment. The group of "people with the widest range of capabilities" is not a homogeneous group that can be represented by a similar test subjects. In order to meet the needs of "people with the widest range of capabilities" an extremely large number of individual contexts of use will be involved, each with its own unique levels of usability / accessibility. 
Applying traditional user testing techniques to evaluating accessibility can be very difficult due to the need to involve enough test subjects to fully represent the different users in such a wide population.
The best that can be done is to create a usability profile for each context of use.
An easier approach it to specify a profile of capabilities of systems and users in terms of known accessibility needs / features. Then these profiles can be compared to determine whether they fit with each other or not. While such a profile will not guarantee accessibility, it can identify potential inaccessibilities.
5 Usability methods

5.1 Range of usability methods

While user testing is highly desirable, ISO TR 16982 identifies a range of methods that can be applied to evaluating usability /accessibility including: 

· Observation of users - Collection in a precise and systematic way of information about the behavior and the performance of users, in the context of specific tasks during user activity
· Performance-related measures - Collection of quantifiable performance measurements in order to understand the impacts of usability issues
· Critical incidents analysis - Systematic collection of specific events (positive or negative)
· Questionnaires - Indirect evaluation methods which gather users' opinions about the user interface in predefined questionnaires
· Interviews - Similar to questionnaires with greater flexibility and involving face-to-face interaction with the interviewee
· Thinking aloud - Involves having users continuously verbalize their ideas, beliefs, expectations, doubts, discoveries, etc. during their use of the system under test
· Document-based methods - Examination of existing documents by the usability specialist to form a professional judgment of the system
· Model-based approaches - Use of models which are abstract representations of the evaluated product to allow the prediction of the users' performance
· Expert evaluation - Evaluation based upon the knowledge, expertise and practical experience in ergonomics of the usability specialist
· Automated evaluation - Algorithms focused on usability criteria or using ergonomic knowledge-based systems which diagnose the deficiencies of product compared to predefined rules
While the first six of these can be used within a user testing framework, the other methods can also provide useful information when evaluating systems. The importance of alternatives to user testing increases when access to a representative range of users is not possible. Given the intended range of users that accessibility is to serve, it is generally important to supplement any user testing with some of these additional methods. 
International standards provide guidance that can help in evaluating the potential accessibility of a system.
5.2 User-centered evaluation

According to ISO 9241-210, user-centred evaluation is a required activity in human-centered design, which can be used to

a) collect new information about user needs,

b) provide feedback on strengths and weaknesses of the design solution from the user's perspective (in order to improve the design),

c) assess whether user requirements have been achieved (which can include assessing conformity to international, national, local, corporate or statutory standards), and

d) establish baselines or make comparisons between designs.

5.3 Conducting user-centred evaluation

According to ISO 9241-210, user-centred evaluation should involve:

a) allocating resources both to obtain early feedback with which to improve the product and, at a later stage, to determine whether the requirements have been satisfied;

b) planning the user-centred evaluation so that it fits the project schedule;

c) carrying out sufficiently comprehensive testing to provide meaningful results for the system as a whole;

d) analysing the results, prioritizing issues and proposing solutions;

e) communicating the solutions appropriately so that they can be used effectively by the design team.
NOTE: 
ISO 9241-210 recognizes that evaluation by users is not always practical or cost-effective at every stage of the project. In such circumstances, design solutions should also be evaluated in other ways — for example, using task modelling and simulations. These methods are still centred on how users will experience the system, even though the users themselves might not participate directly.
6 User-based methods

6.1 General issues with user-based methods

User based methods have the advantage of involving actual users but have the disadvantage of only involving a select set of users.
According to ISO 9241-210, user-based testing can be undertaken at any stage in the design.

At a very early stage, users can be presented with models, scenarios or sketches of the design concepts and asked to evaluate them in relation to a real context. For example, a new check-out concept can be evaluated using a three-dimensional model, or simple drawings of screens can be used to evaluate a new mobile phone navigation design. Such early testing can provide valuable feedback on the acceptability of the proposed design. Detailed aspects of the design can often be quickly and inexpensively assessed — for example, using paper versions of proposed dialogues. A mock-up of the interaction through simulated or actual tasks and in a suitable context is always necessary.

When prototypes are being tested, the users should carry out tasks using the prototype rather than just be shown demonstrations or a preview of the design. The information gathered is used to drive the design concept.

At a later stage in the development, user-based testing can be carried out to assess whether usability objectives, including measurable usability performance and satisfaction criteria, have been met in the intended context or contexts of use.

One form of user-based testing involves field validation, i.e. testing the designs or design concepts in real environments. For software products, such testing is often referred to as “beta” testing, where an early version of the software is made available for use, and users are made aware that the product is not final and is still being refined. Hardware products can be produced in small quantities for similar real-world testing. Fully developed products can also be evaluated in field settings to provide input for future developments.

Techniques that can be used to gather data from field validation include help-desk data, field reports, incident analysis, near-miss reports, log files, defect reports, real user feedback, performance data, satisfaction surveys, reports of health impacts, design improvements, user observation and requests for changes.
6.2 Observation of users

Observation can be applied in a range of settings from testing laboratories to actual user contexts and can be applied to use of existing or proposed new systems.
Observation can be done in person or via recording users and then reviewing the recordings, or by a combination of these means.
For best results it is important for the user to accept being observed and to act as close to normally as possible (I.e. not to allow being observed to cause a change in ordinary behavior.)
6.3 Software product Quality Requirements and Evaluation (SQuaRE) – Evaluation reference model and guide

ISO/IEC 25040 provides guidance on a generic software product quality evaluation process that includes:

· documentation

· establishing the evaluation requirements

· specifying the evaluation measurements and criteria

· designing the evaluation activities

· performing the evaluation

· concluding the evaluation

While this generic approach can be applied to accessibility evaluations, there is nothing within ISO/IEC 25040 that specifically addresses accessibility and only minor mention of usability and its components.

6.4 Common industry format (CIF) for usability test reports approach

ISO/IEC 25062 Common industry format for usability test reports (the CIF) does not specify a particular evaluation process, but it does provide a data structure that can help ensure that relevant information is reported. The current CIF focuses on reporting usability tests (tests) conducted in an experimental manner with real users. Given that accessibility is defined in terms of usability, the CIF could also be applied to reporting accessibility evaluations.

ISO/IEC 25062 expects that information on the test method include:

· Information on the test participants, including: total number of participants, segmentation of participants into groups, and characteristics and capabilities of each group

· a statement of the context of use involved in the test, in terms of: tasks, test facility, computing environment, and test administrator tools

· experimental design, including: test procedure, general instructions to participants, and task specific instructions to participants

· usability metrics for effectiveness, efficiency, and satisfaction

It also expects that information on results include:

· information on the methods of data analysis

· presentation of results
7 Expert based methods

7.1 Inspection-based evaluation

According to ISO 9241-210, inspection-based evaluation can be valuable and cost-effective and can also complement user testing. It can be used to eliminate major issues before user testing and hence make user testing more cost-effective.
Inspection-based evaluation is ideally performed by usability experts who base their judgement on prior experience of problems encountered by users and their own knowledge of ergonomic guidelines and standards. The assessment of several experts can be combined to reduce individual bias. Inspection can involve the evaluator putting him- or herself into the role of the user working with the system, product or service. Inspection-based evaluation can be supported by checklists, lists of user requirements, general usability guidance, industry best practices, usability heuristics, guidelines or standards. However, the effectiveness of the inspection always depends on the skills, experience and knowledge of the evaluators.
Inspection-based evaluation is simpler and quicker to carry out than user testing and can, in principle, take account of a wider range of users and tasks than user-based evaluation (e.g. to assess if a product satisfies user requirements in contexts of use not selected for user testing). Inspection does not always find the same problems that would be found in user-based testing. Inspection tends to emphasize obvious problems and might not scale well for complex or novel interfaces. The greater the difference between the knowledge and experience of the inspectors and the real users, the less reliable are the results. When appropriate, inspection-based evaluation can be carried out with domain experts working alongside usability experts.
Relevant guidelines and standards are an important input for design, and compliance can be assessed by inspection. Assessing compliance can be time-consuming or resource-intensive. 
7.2 A user needs approach

ISO/IEC 29138-1 provides a comprehensive summary of recognized accessibility-related user needs that are focused on people with disabilities. While it does relate some needs to some disabilities, this relationship is not definitive. Thus, it cannot be used to guarantee that if some subset of the needs is met that the resulting system will be accessible for people with a given disability.
It is unlikely that any product would meet all of the needs in the user needs summary. Since not all needs are needed by a particular user, this again has the problem of needing to be compared to the profiles of many different users in order to be considered for "people with the widest range of capabilities".
Most of the needs in ISO/IEC 29138-1 are generally expressed in terms of their being needed to provide effectiveness. A few needs are expressed in terms of users not having to achieve an application determined level of efficiency (usually in terms of response time or strength). There are no needs that relate to user satisfaction.

ISO/IEC 29138-3 provides guidance on mapping user needs to an individual standard or a set of standards. There is currently no document that provides a procedure for using the set of user needs for designing or evaluating a system. It would be possible to create a checklist of needs and to identify which needs are met in a particular system. The number of user needs met cannot just be counted and a comparison of such counts would be meaningless. 

The results of evaluating which user needs are met could be presented as part of the specifications of a product. Since the needs in ISO/IEC 29138-1 are expressed in a context free manner, a simple checklist of whether or not they have been met would not provide a accessibility evaluation in and of itself. Rather, it could be used as input into an accessibility evaluation. Such an evaluation could then involve comparing the needs to the different potential contexts of use of different users and also considering other sources of information on efficiency and satisfaction.
7.3 Satisfying the requirements and recommendations of accessibility standards

Recognizing the complexity of applying guidance to ICT, it is common to have many more recommendations than requirements in ICT-related accessibility standards. Meeting the requirements alone will not ensure accessibility. It is important to meet the recommendations wherever possible. This has led to a three phase approach being suggested in the annexes to a number of ICT-related accessibility standards, including ISO 9241-20, ISO 9241-129, ISO 9241-171, and ISO/IEC 29136.
This approach involves the use of the checklist provides a basis for:

⎯ determining which of the recommendations are applicable,

⎯ determining whether the applicable recommendations have been followed, and

⎯ providing a list in support of a claim of conformance and a systematic listing of all the applicable recommendations that have been adhered to.
Such a checklist has many of the same strengths and weaknesses of using a checklist with ISO/IEC 29138-1. Each standard has its own scope; there is no single standard that contains all the guidance that might be important in creating an accessible system. Likewise, most standards focus on effectiveness and have little to say about efficiency or satisfaction, even though following their guidance can often increase both of these other components of accessibility / usability.
7.4 Common access profile (CAP) approach

ISO/IEC 24756 defines the Common access profile (CAP), which is designed to compare the capabilities of individual users with the capabilities of individual systems. Environmental CAPs can also be created to take into account particular contexts of use.

The CAP does not assess accessibility; it only deals with access, which is a minimal level of effectiveness.  It does not deal with efficiency or satisfaction. The way it deals with effectiveness is that it can identify handicaps that inhibit effectiveness. Removing these handicaps can increase access.
While it is the intent that CAPS be used to identify access issues, ISO/IEC 24756 focuses on the structure of these profiles without presenting a detailed procedure for comparing them.  The strength of the CAP is introducing an approach that has the potential to be computable. 
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