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For giving us the reason and the direction for this work, we dedicate this book to all of our students and to consumers of assistive technologies, especially Elizabeth Cook, Brian Cook, Charles and Evelyn Miller.



Preface


Writing is no trouble: you just jot down ideas as they occur to you. The jotting is simplicity itself—it is the occurring which is difficult.

Stephen Leacock



Technology use is pervasive in almost everything we do. Technology development occurs at a rapid pace, making it difficult to keep current with the latest devices and software. The field of assistive technology (AT), commonly considered to be technology designed for individuals with some form of impairment, is expanding at a similarly rapid pace. The revisions in this latest edition of Assistive Technologies: Principles and Practice reflect the constant and rapid pace of change as well as the changing perspective of what constitutes AT. The book is written to support students in rehabilitation, engineering, and other relevant programs and service providers in the acquisition and application of knowledge that supports the provision of AT services.

Both of us are from North America and primarily understand AT issues from that perspective. However, in the years since the first edition of this textbook was published, we know that it has been used outside of this context and has been translated into multiple languages. Similarly, events such as the signing and ratification of the United Nations Convention on the Rights of Persons with Disabilities by many nations and the publication of the World Health Organization’s Report on Disability position AT provision and use as global concerns. Consequently, we have attempted to provide a more global perspective to this edition through descriptions of processes that can be applied in different contexts and discussions of issues of appropriate and sustainable AT service delivery. The rapid development of AT applications for mainstream technologies has also made AT more accessible in underresourced countries. These topics are evident throughout the first few chapters discussing the Human Activity Assistive Technology (HAAT) components, ethical issues in AT and AT service delivery, as well as in the discussion of different categories of AT.

Assistive technology service delivery is founded on five principles that are clearly articulated in this book. Earlier editions contained three basic principles describing a person-centered approach, focused on functional outcomes supported by evidence, to which we have added two more reflecting ethical and sustainable service delivery practices. We have attempted to make the application of these principles more explicit throughout this edition in the description of the elements of the HAAT model and the service delivery process and in the discussion of categories of AT. Chapter 1 presents foundational ideas for the subsequent chapters in this edition. In addition to the principles and the HAAT model, definitions of AT, complementary models of health and functioning, legislative aspects, and a summary of some of the research applying the HAAT model are covered in this introductory chapter.

The HAAT model guides assessment and evaluation of AT use by clients. It provides a framework for assessing the usability of technology and guides product research and development. The basic structure of the HAAT model remains unchanged from earlier editions. However, in this edition, we have provided considerably more depth to the discussion of each of the individual elements. Furthermore, we discuss how the elements interact with and influence each other to support a human doing an activity in context using AT. Chapters 2 to 4 expand significantly on the concepts and application of the HAAT model.


Chapter 2 introduces AT, discussing the blurring of technology that is designed specifically for persons with impairments and mainstream technology. Everyone knows about the “explosion” of mainstream technologies. When our previous edition was written, tablet computers did not exist, cell phones were not all that smart, and the Internet and connectivity were just beginning their global expansion. Today these things are old news, but they have dramatically impacted the technology options for people with various disabilities. There are both positive and negative consequences for people with disabilities. Particular attention is paid to the international impact that these developments might have for people with disabilities in underresourced countries.


Chapter 3 discusses the activity, human, and context components of the HAAT model, including how they influence and interact with each other. Here we apply ideas of social and occupational justice to the access to and use of AT, understanding the ability to access affordable, appropriate AT to be a right for all individuals for whom the technology will support engagement in daily activities and participation in their communities. The social and cultural components of the context element of the HAAT model were enhanced to reflect issues of sustainability that affect AT provision and use. AT provision has to make sense for the context in which it will be used: technology that works well in an urban area may be quite useless in remote areas such as the outback of Australia, remote areas of South American or African countries, or the far north of Canada. We sought to bring issues of AT service provision in underresourced areas to the forefront in Chapter 3 and in other relevant sections of this book, recognizing that all we can do is scratch the surface of this topic in a book of this complexity.


As technologies become more and more pervasive and consequently have a greater and greater impact on the ways people with disabilities live and interact with the world around them, ethical considerations become important. Some of these are the direct result of the application of AT in particular ways, for example, monitoring or tracking of individuals with dementia. Other ethical concerns are related to secondary effects of AT application such as the dependence on technology for storage and retrieval of private information. Still other ethical issues arise as a result of particular disabilities such as cognitive limitations. We have added Chapter 4 to explore these ethical issues in some depth.

The application of the HAAT model is made explicit in each of the chapters discussing different types of AT. A consistent format is followed in these chapters to (1) discuss the activities supported by the technology that is the chapter focus; (2) describe the individuals who benefit from use of the technology, as well as impairments that affect the ability to engage in the activity supported by the technology; (3) discuss contextual factors that influence use and service provision; (4) discuss assessment to identify the need for and most appropriate AT; (5) discuss specific technologies; (6) describe outcome evaluation; and finally (7) summarize the research to support the use of the specific technology. In some chapters, the format is followed in the order in which it was just stated; however, in others, the order of these within chapter topics varies to fit the specific topic area.

In Chapter 6, we discuss the various ways in which individuals who have upper extremity motor limitations can access controls for electronic ATs. Chapter 7 describes the major approaches to the design of control interfaces that are used with ATs for computer access, power mobility, communication, and environmental control. In Chapter 8, we focus on the general principles underlying the utilization of mainstream technologies as ATs as well as computer access for individuals with motor disabilities.


Chapter 9 discusses seating and positioning technology, including both the different types of seating and positioning systems and hardware as well as the features of materials and construction techniques. Chapter 10 describes the structure of and means to control manual and powered wheelchairs. It identifies principles to guide recommendation of these technologies and introduces advances in these areas. Chapter 11 has two main components: (1) technology for safe transportation when traveling in a vehicle, either while seated in the vehicle seat or in a wheelchair, and (2) technology for driving.

In Chapter 12, we discuss the use of ATs to replace or augment manipulative ability. This area has seen a huge expansion of available technologies and applications since the previous edition. We include both low- and high-technology devices, but here greater attention is given to the devices that are used to manipulate the environment, such as smart technology as their availability and use become more prevalent. We also discuss advances in robotics that will be available to individuals in their homes, and study and work locations.


Chapter 13 provides an overview of technologies to support individuals with low vision or blindness. The increasing use of mainstream technologies has created a need for visually accessible design in tablets and smartphones for those with low vision and for alternatives to visual access for those who are blind. In Chapter 14, we discuss technologies that aid individuals who are hard of hearing or deaf. Developments in hearing technologies have expanded the options for treatment for both partial and total hearing loss. The area of deaf-blind communication has been significantly impacted by the utilization of mainstream technologies.


Chapter 15 addresses the area of AT applications for individuals who have cognitive disabilities. Again, the use of mainstream technologies with appropriate apps has dramatically expanded the options in this area. The use of monitoring technologies for individuals with dementia has also grown. The area of augmentative communication has perhaps had the greatest impact of mainstream technologies with many new communication applications appearing almost daily. However, in this area, the very practice of assessment and implementation of communication alternatives for those with speech and language difficulties has been impacted by the changing technology landscape. This topic is analyzed in Chapter 16.

It is our hope that individuals familiar with ATs will find something new in this text and that readers who are new to this subject will develop familiarity with ATs and appreciate their potential.
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Learning Objectives


On completing this chapter, you will be able to do the following:

1. Define assistive technology (AT).


2. Describe key principles of AT service delivery.


3. Describe contributions of existing ecological models of health to the conceptualization of the Human Activity Assistive Technology (HAAT) model.


4. Describe the purpose of the HAAT model.


5. Describe the activity, human, context, and AT components of the HAAT model.


6. Describe four applications of the HAAT model for AT research and clinical applications.
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Introduction

Contextual Background of the Book


Disability is seen as a socially constructed phenomenon that results from barriers that are present in the environment. This view of disability locates it within the environment rather than within the person. The World Health Organization’s (WHO’s) International Classification of Functioning, Disability and Impairment (ICF) views disability as the result of an interaction between the person and his environment. Viewed this way, disability is possible in everyone’s experience (Bickenbach et al., 1999).

The worldwide prevalence of disability is difficult to estimate because of challenges of definition of cohesive definitions of disability and technical aspects of data collection. However, the WHO Report on Disability (2011) estimates that approximately 720 million people worldwide experience some form of disability (WHO, 2011, p. 27). Furthermore, approximately 190 million (or 3.8% of the world’s population) experience “severe disability” that limits their ability to participate in daily activities.

People with disabilities are much more likely to live in countries that are considered to be of low or middle income. Estimates suggest that 89% of people with vision impairment, 76% with hearing impairment, and 92% of those with a disability resulting from an intentional or unintentional injury live in a low- or middle-income country (Samant, Matter, & Harris, 2012, p. 1). Similarly, women, older adults, and people living in poverty have a greater prevalence of disability (WHO, 2011).

Disability has significant consequences on an individual’s life. Persons with a disability have a greater likelihood of being under- or unemployed; they and their families are more likely to have a lower socioeconomic status; they experience poorer health; they are less likely to receive an education; and they experience more social isolation, less community participation, and less safety and security (they are more likely to experience physical, mental, or financial abuse).


Assistive technology (AT) is one of many opportunities that are necessary to reduce the disabling influence of many environments. Technology is a ubiquitous part of our everyday lives, which for the most part, makes our daily tasks simpler to do. This book focuses on the different aspects of using technology to meet the needs of individuals with a variety of disabilities. We will present a model that guides service delivery, outcome evaluation, and research and development of AT.


Constructs of Disability in Key Documents

The United Nations (UN) Convention on the Rights of Persons with Disabilities (CRPD) opens with a statement that recognizes the “inherent dignity and worth and the equal and inalienable rights of all members of the human family as the foundation of freedom, justice, and peace in the world” (UN, 2007, p. 1). It recognizes that disability occurs at the intersection of the person and the context in which they live and consequently, that the extent of disability is different for individuals living in different contexts. This document describes rights of persons with disabilities, with the explicit expectation that member states who are signatories to the document will enact legislation, regulations, and other measures to ensure these rights for their citizens.

The CRPD enshrines the rights of persons with disabilities to be treated as equals before the law and to be “entitled without any discrimination to the equal protection and equal benefit of the law.” Persons with disabilities have the right to be recognized as “persons before the law” (UN CRPD, p. 8). In other words, the presence of a disability does not nullify the state’s recognition that the individual is entitled to the full benefits and responsibilities of citizenship. This convention prevents a member state from declaring a person with a disability to be a nonperson, which means he or she is not entitled to vote, own property, participate in civic governance, or enter into a legal contract. If you recall the limitations on the rights of women before the suffragette movements of the early 1900s, you will better understand the intent of this particular article of the CRPD.

Women and children with disabilities are given particular attention given their vulnerability to discrimination and abuse because of gender or age.

Beyond rights and protections afforded to all global citizens, the CPRD identifies several that are specific to persons with disabilities (Table 1-1) and describes the articles that are relevant to AT use, service delivery, and research and development.

Assistive technology is mentioned specifically in many of the sections of this convention, calling for research and development of all types of AT, requiring many other forms of technology (information and communication technology in particular) to be accessible in terms of use, availability, and information; promotion of AT accessibility; and provision of information about AT in accessible formats. It further calls for education of professionals to support all aspects of AT service delivery (UN, 2007).

Definitions of Assistive Technology

Formal Definitions

Definitions allow us to frame the construct of interest and convey to others what we include and exclude in the use of a term. In a legislative or policy context, definitions delimit the scope of the law or policy, influencing how each is interpreted and applied. For example, in jurisdictions where AT funding is supported through government, a definition is used to determine what constitutes an assistive device that is eligible for funding versus one that is not. Definitions outside of this context can also help to conceptualize the term and understand the perspective of the individual or collective that conceived the definition.

Two formal definitions of AT, which are commonly used, come from the United States legislation The Assistive Technology Act of 1998, as amended (2004) and from the WHO. The US legislation defines AT as: “Any item, piece of equipment or product system whether acquired commercially off the shelf, modified, or customized that is used to increase, maintain or improve functional capabilities of individuals with disabilities.”

Similarly, the WHO (2001) defines AT as “any product, instrument, equipment, or technology adapted or specially designed for improving functioning of a disabled person.” These two definitions both focus exclusively on the technology and limit it to a tangible object that is usable by a person with a disability. The US definition is more inclusive of mainstream technologies than the WHO version.



TABLE 1-1

Articles of the United Nations Convention on the Rights of Persons with Disabilities Relevant to Assistive Technology



	Article Number
	Article Title
	Relevance to Assistive Technology




	4
	General Obligations
	Articulates agreement to undertake research and development of assistive technologies, with emphasis on affordable devices
Agreement to provide information about AT and related services and supports in an accessible format



	9
	Accessibility
	In support of full participation by all, member countries agree to provide equitable access to transportation, information (and information communication technology), public buildings, and services.



	19
	Living independently and being included in the community
	Persons with disabilities have the right to choose where they live in the community and to participate fully in necessary and chosen life activities.



	20
	Personal mobility
	Requires provision of personal mobility choices, including mode of mobility and time, with an affordable cost
Quality mobility aids will be accessible and affordable.
Persons with disabilities will receive training in the use of mobility aids.
Requires production of mobility aids to consider the full range of mobility requirements of persons with disabilities



	21
	Freedom of expression and opinion and access to information
	Persons with disabilities have the same rights to express their ideas and opinions as others, in a manner of their choice.
Information will be provided in accessible formats.
Use of alternate forms of communication (e.g., Braille, sign language, alternative and augmentative communication) is required for all official interactions.
Private enterprise will be encouraged to similarly use these alternate forms of communication; mass media, including the Internet, is encouraged to use and accept alternate access and forms of communication.
Sign language is used and promoted.



	24
	Education
	Persons with disabilities have equal access to an education.
Reasonable accommodation to educational needs of persons with disabilities is made, including individualized programs as required.



	25
	Health
	Persons with disabilities have the right to the “highest attainable standard of health” (p. 14).



	26
	Habilitation and rehabilitation
	Member states will support habilitation and rehabilitation with the desired outcome of achievement and maintenance of maximal functional independence.
Availability, knowledge, and use of AT will be supported.



	27
	Work and employment
	Persons with disabilities have the right to equal access to gainful employment of their own choice.
Reasonable accommodation of needs of the person with disability is required in the workplace.



	29
	Participation in political and public life
	Ensures accessibility of location and means to enable persons with disabilities to exercise their right to participate in political activities, including their right to vote
Active promotion of an environment that enables full participation in community activities of choice



	30
	Participation in cultural life, recreation, leisure, and sports
	Accessible formats, materials, and environments are required to support the participation of persons with disabilities in all aspects of cultural life, recreation, leisure, and sports.





AT, Assistive technology.

From United Nations: Convention on the rights of persons with disabilities (CRPD), Resolution 61/106, New York: United Nations, 2007. Available from: www.un.org/disabilities/convention/conventionfull.shtml.




Informal Definitions


Hersh and Johnson (2008a) argue that these formal definitions link AT too tightly to a medical model, which highlights the use of AT to overcome limitations and improve function for the individual. The definitions cited above, although useful in some contexts, also limit our concept of AT to simply the technology. Hersh and Johnson propose a definition of AT that is inclusive of products, environmental modifications, services, and processes that enable access to and use of these products, specifically by persons with disabilities and older adults (2008a). They further describe the use of AT to assist users to overcome infrastructure barriers to enable full societal participation and to accomplish activities safely and easily.

This broader understanding of AT is congruent with the position we take of AT. We understand AT as inclusive of mainstream technologies and those developed specifically for persons with some form of impairment. The importance of services and infrastructure is highlighted in this book; it is not simply the provision of a device; the opportunity to use it for desired occupations, across multiple environments, and without prejudice is critical. Throughout this book, we focus on activities broadly categorized as communication, cognitive, mobility, and manipulation and the technologies that enable them. However, we do so by incorporating mainstream and specialized technologies and by presenting the evidence that supports their effectiveness in enabling users to engage in the political, social, and economic occupations of their communities.

Differentiating Assistive Technology from Other Technologies

Discussions and writings about participation and function of individuals with disabilities include a vast array of terms that include constructs of technology. Some of these include rehabilitation technologies, educational technologies, accessible and universal design. The latter two will be discussed in more detail in Chapter 2 where we engage in a more detailed discussion of the AT component of the Human Activity Assistive Technology model (see later in this chapter for an overview of this model). Sanford (2012) adds a dimension to the conceptualization of AT that helps differentiate it within the concepts of accessible and universal designs. He describes AT as “individualized and usually follows the person” (Sanford, 2012, p. 55) in contrast to designs that make environments more accessible to individuals with a variety of abilities such as automatic door openers and ramps that stay fixed in a location and are used by many users who come to that particular location.

We do not include rehabilitation or educational technologies in this book, although some of the devices that we discuss do have application in a rehabilitation or educational setting. We understand rehabilitation technologies to be devices that have a primary use in a clinical setting, such as parallel bars, overhead slings, and tilt tables, and that are primarily used for habilitation or rehabilitation purposes. Educational technologies are those that make educational materials more accessible, such as software programs that provide educational curricula in some alternative, accessible format. Many of the devices that promote communication, positioning, and computer access; support cognitive activities; and augment hearing and vision assist the learner to engage with these educational technologies with the difference being the emphasis on enabling participation versus achieving specific education goals.

Summary

Formal definitions of AT are used by different groups to delimit what constitutes AT for the purposes of funding and regulation of requirements to make environments and services accessible to individuals with a broad range of disabilities. Their focus is on the promotion of function of an individual with a disability. Informal definitions add context to the formal definitions and are inclusive of social and other environmental dimensions that affect AT design, use, and implementation. Although both formal and informal definitions are inclusive of mainstream technology, it is more apparent in the informal definition presented. This book discusses both mainstream technology and that designed specifically for persons with disabilities, describing different types of technology, and a service delivery process, with a focus on how technology use enables full participation in desired activities.


Principles of Assistive Technology Service Delivery

Assistive technology is presented in this book primarily from the perspective of the application of a clinical process to identify the need for AT, determining the most appropriate device(s), obtaining the device and then providing follow-up and outcome evaluation to ensure the user is able to use the device. Service delivery is formally defined as “any service that directly assists an individual with a disability in the selection, acquisition, or use of an assistive technology (AT) device” (118 STAT. 1170).

We propose several principles that foreground AT service delivery: (1) the process is person centered, not AT centered, (2) the outcome is enablement of participation in desired activities, (3) an evidence-informed process is used for service delivery, (4) AT service delivery is provided in an ethical manner, and (5) AT services are provided in a sustainable manner. These principles are introduced here, explored in greater detail in chapters 4 and 5, and applied in subsequent chapters that discuss specific categories of AT. They should be interpreted from the context within which AT services are provided.

Person Centered, Not Assistive Technology Centered

The provision and development of AT are not about fitting the person to the technology. Rather, they are about using a process with the outcome of meeting the needs of the user when engaging in relevant activities across necessary contexts.

On the product development side, technology that is developed without the input of consumers throughout the design process or without knowledge of how the technology will be used is less likely to be adopted for its intended purpose. The resulting technology may be designed to meet a need that does not exist for the intended user.

On the service delivery side, AT that is recommended or prescribed without input from the user and relevant others ends up abandoned or not used to its full potential. One participant in a project that collected stories of individuals with spinal cord injuries and their use of AT illustrated this point well. He described his abandonment of complex technology that did not provide him with any perceived advantage over simpler devices. Furthermore, the necessary devices were not recommended before returning to live at home; some devices were not needed, and others that were useful had not been acquired (SCIPILOT, nd). More will be said about device discontinuance in a later chapter. There are many reasons stated for device discontinuance; a large proportion of them are the result of a process that does not adequately involve users of AT.

Focus Is on the Functional Outcome and Participation

Similar to the ideas expressed in the first principle, this second principle indicates that what a person does with a device is important rather than simply providing access to the device. Our conceptualization of AT includes the activities in which the user engages. It is important to understand what a person wants and needs and is expected to do throughout the AT service delivery process. More important, though, is the recognition that simply noting whether a person is able to use a device for a particular function is insufficient.

It is more important to understand how the person is using the device and whether it is used in a manner of her choosing. For example, an alternative and augmentative communication device can support the user’s ability to engage in a conversation (i.e., the function of conversation is supported by the device). However, it is equally important to understand whether the device supports the user’s vocabulary, inflection, and pace of speech. The idea here is that the device becomes an extension of the person for some users (i.e., it conveys part of their image). When its use contributes to an undesired self-image, it is not used to the full advantage. It is not sufficient for the device to enable function; it must do so in a manner that supports how the user wants to engage in that function. This concept is discussed in more detail in Chapter 3.

Evidence-Informed Process

Use of an evidence-informed process benefits the user of AT through ensuring that elements of AT service comprehensively include steps to identify technology that is most appropriate for the user; to provide necessary training and support for initial and ongoing use of the technology; and to evaluate adequately the outcome of the technology, not only for the individual user but for aggregate groups as well. Evidence may come from data collected systematically through the service delivery process and through research studies investigating a wide range of questions surrounding AT. The different types of evidence and research that support them are discussed in Chapter 5.

Amassing aggregate data concerning different aspects of the AT service delivery process is key to building the evidence base. Evidence is present to support the AT assessment and recommendation processes, training, ongoing evaluation, and functional outcomes. This evidence is presented throughout this book for different AT applications. As will be seen and as professionals experienced in AT are aware, more research is necessary to support this area. Funders frequently require evidence that supports specific outcomes of AT use before they will support the purchase of AT.

Ethical Process

An ethical process includes multiple perspectives: professional or clinical code of ethics along with embodying constructs of beneficience and nonmaleficence and broader philosophical and ethical worldviews that speak to means of creating an inclusive society that enables meaningful engagement in community participation for all. Key ideas that form the background for ethical AT service delivery are introduced briefly here. We expand on these ideas in Chapter 4.

Professional and Clinical Code of Ethics

Many reading this book are engineering or health care professionals or students whose practice is guided by a formal code of ethics. A review of several different codes of ethics (e.g., from Rehabilitation Engineering and Assistive Technology Society of North America [RESNA], Canadian Association of Occupational Therapists, American Physical Therapy Association, World Confederation of Physical Therapy, and Swedish Association of Occupational Therapists) uncovered many commonalities across the various codes. Box 1-1 shows the RESNA Code of Ethics.

The principles of beneficence (do only good) and nonmaleficence (do no harm) are prominent in these professional codes. These principles are translated into practice through actions that embody professional integrity, accountability, and maintenance of continuing competence and professional standards.

They explicitly describe the client/patient–clinician/provider relationship. Simply stated, this relationship is guided by respect for the welfare, rights, and self-determination of the client. In practice, the clinician recognizes the client’s autonomy and right to be fully engaged in the clinical or service delivery process. The clinician or service provider acts in a trustworthy and truthful manner, maintaining client confidentiality. These codes assert the balance between client–service provider roles while concurrently declaring the responsibilities for providing competent, honest, and respectful service.




BOX 1-1 RESNA Code of Ethics

RESNA is an interdisciplinary association for the advancement of rehabilitation and assistive technology. It adheres to and promotes the highest standards of ethical conduct. Its members:

• Hold paramount the welfare of persons served professionally.


• Practice only in their area(s) of competence and maintain high standards.


• Maintain the confidentiality of privileged information.


• Engage in no conduct that constitutes as a conflict of interest or that adversely reflects on the profession.


• Seek deserved and reasonable remuneration for services.


• Inform and educate the public on rehabilitation and assistive technology and its applications.


• Issue public statements in an objective and truthful manner.


• Comply with the laws and policies that guide the profession.



RESNA, Rehabilitation Engineering and Assistive Technology Society of North America.

Modified from Summary of RESNA Code of Ethics. Available from: http://resna.org/certification/RESNA_Code_of_Ethics.pdf




Some codes suggest that practice be based on principles of social justice, which is described in more detail in the following sections. Social justice in this context refers to accessibility of AT services for all who require it. The code of ethics of the American Occupational Therapy Association (AOTA, 2010) specifically mentions that practice is guided by principles of distributive justice (see later discussion); the Philippine Physical Therapy Association states that physical therapy services will be accessible to all (PPTA, 2009).

Social Justice

John Rawls expressed foundational principles of social justice that inform our discussion. Social justice concepts were initially framed from an economic perspective, referring to equitable access to rights and resources (e.g., income and material goods) within society (Rawls, 1999). Capability theory advances Rawls’ ideas to further suggest that all individuals have equal access to basic rights and freedom of choice (Nussbaum, 2011; Sen, 2009).

Applying these ideas to persons with disabilities (i.e., persons who use AT in their daily lives) recognizes the economic disadvantage they experience through fewer opportunities to participate in income-generating activities and the concomitant reductions in their incomes because of the greater expenses incurred because of the disability. Lack of access to AT keeps some people with disabilities in poverty (Samant et al., 2012). Specifically, the lack of availability of or access to AT services and technology limits the ability of a person with a disability to engage in community occupations, in particular, it limits his or her ability to participate in economic activities that in turn afford sufficient resources to support themselves or their families (Samant et al., 2012; WHO, 2011). For example, a person who has difficulty communicating with unfamiliar others, but who could do so with the use of an augmentative and alternative communication (AAC) device is barred from employment and other civic activities (among other things) when access to such a device is not available. In this situation, societal elements are the limiting factor, restricting the individual’s full participation in his community and beyond.

A second source of inequity is seen in a situation in which two people with the same level of income, one with a disability (or who supports a family member with a disability) and one without, will have very different incomes when the costs associated with the disability are taken into account (Samant et al., 2012; WHO, 2011). Persons with disabilities have many expenses that those without disabilities do not encounter, such as personal assistant costs; higher transportation costs; home modification costs; and, of course, the cost of AT, which is significant. Globally, the purchase of these devices is inconsistently supported, with the result that a person or family that must obtain AT will have less disposable income than someone without a disability with the same level of income who does not need to purchase AT.

A formal approach to social justice is seen in legislation such as the Americans with Disabilities Act of 1990 that attempts to legislate formal mechanisms to remove barriers to full participation in society for individuals with disabilities (Danermark & Gellerstedt, 2004). Similarly, the UN CRPD identifies basic rights that all member countries must support for their citizens and explicitly states that AT must be accessible regardless of gender, age, or impairment. Throughout this book, we identify and apply formal social justice mechanisms as they relate to AT service delivery. In Chapter 3, we identify key pieces of legislation that aim to legislate accessibility for persons with disabilities and discuss the aspects of the legislation (e.g., the definition of disability and who is eligible for consideration under the legislation) that need to be identified and applied in clinical practice. When relevant, we discuss these issues as they relate to individual categories of AT.

Distributive Justice

Distributive justice is a second theory of social justice. This theory is premised on the idea that inequities occur at the intersection of the person with a disability and the context in which he or she lives. One way of reducing the influence of these inequities is more equitable distribution of resources, which include financial resources as well as opportunities for education, employment, and health and access to infrastructure that supports full social participation. Distributive justice advocates for a redistribution of resources to account for this inequity. It is based on principles “designed to guide the allocation of the benefits and burdens of economic activity” (Cook, 2009, p. 10).


Assistive Technology Services Are Provided in a Sustainable Manner

In general, sustainability means providing AT products and services in a manner that ensures that people who need them have access in a timely and continuing manner. This basic idea is enacted somewhat differently in well-resourced and underresourced economies. Many well-resourced countries face a population shift that is well known; their populations are aging, with the largest proportional increase seen in the “old-old” (i.e., persons older than age 75 years). These individuals experience a greater incidence of disability, including multiple disabilities, and account for the largest proportion of health care spending. The cost of health care is significant in developing countries to the point that current systems are not sustainable.

Some of the health care dollars in these countries are used to support the cost of selected AT products and services associated with assessment of and training in the use of AT. Clinicians contribute to sustainability by balancing the rights and needs of clients with the reality of limited health care dollars. This statement does not mean not advocating for the needs of clients; rather, it means use of an evidence-informed process to identify AT that will meet the client’s needs, including the client in this process, to ensure that devices obtained are used (i.e., do not end up in a closet, drawer, or the garage) and are used to their maximal potential.

In underresourced economies, sustainability often means development and establishment of AT services. Products and services that are readily available in developed countries may not be present in these emerging economies, generally because of cost, legislation, lack of infrastructure, and other resource limitations (Samant et al., 2012). Establishment of AT services and an AT industry means working with local manufacturers, using local materials, and designing products that are functional in the local context (Borg, Lindstrom, & Larson, 2011, Owen & Simonds, 2010; Samant et al., 2012). It also means providing technology that can be maintained and repaired using local knowledge, technology, and materials (Owen & Simonds, 2010). Furthermore, it means provision of products and services that are affordable by persons with disabilities (WHO, 2011).


The Human Activity Assistive Technology Model


Cook and Hussey (1995) introduced the Human Activity Assistive Technology (HAAT) model in the first edition of Assistive Technology: Principles and Practices (1995). The model describes someone (human) doing something (activity) in a context using AT. This simplistic explanation of the HAAT model is deliberately worded to demonstrate where AT fits in the model. The emphasis of the model is on the person engaged in an activity within chosen environments. Consequently, any application of the model starts with someone doing something in context and then introduces the AT.

This order prevents the AT from assuming prime importance with the result that the person adapts to the technology rather than the technology meeting the needs of the person. The model has been used to development of AT, research, and assessment involving the initial selection of AT and ongoing evaluation of the outcome of its use. Figure 1-1 illustrates this model.

The HAAT model is introduced briefly in this chapter. Chapter 2 provides foundational ideas related to AT. Chapter 3 discusses the activity, human, and context elements in greater detail as well as the interactions among all of these elements. The model is applied to specific categories of AT in the middle section of the book.

Foundational Concepts

The HAAT model shares many features of other models that integrate activity (occupation), the person, and the environment. It has evolved in parallel with influential models such as the WHO’s ICF (WHO, 2001), Canadian Model of Occupational Performance and Enablement (CMOP-E) (Townsend & Polatajko, 2002, 2013), and Person-Environment-Occupational Performance (PEOP) model (Baum & Christiansen, 2005). These related models inform the different elements that comprise the HAAT model, which differs from these other models through its explicit consideration of AT.

International Classification of Functioning, Disability, and Health

The WHO’s ICF (WHO, 2001) is a well-recognized and frequently applied model that classifies components of body structures and functions, activities and participation, and the environment in terms of their influence on health. Four aims are stated for the ICF, two of which have relevance to our discussion: to provide a basis for research on health and its determinants and to establish a common language that will foster effective communication across different users (WHO). Relevant components of the ICF are described in greater detail in subsequent chapters that discuss the components of the HAAT model.

The WHO definition of AT was described earlier in this chapter. AT is located in the environment component of the ICF, which can pose a challenge when thinking about and providing AT. Specifically, AT is primarily located in Chapter 1 of the ICF, “Products and Technology of the Environmental Factor.” AT for certain participation contexts, such as education, is also identified. The ICF describes environmental factors as external to the person. The challenging aspect of this concept when considering AT is that although AT is certainly external to the user, it is much more personal than other elements of the environment, such as an elevator that is adapted to meet the needs of individuals with mobility or vision impairments. AT is commonly recommended for a specific person who brings the technology with him or her to different situations. Similar to other environmental elements, AT is designed and modified to suit the needs of the person. However, the personal nature of most devices requires the consideration of the person using a certain device when thinking about activities and participation within and across environments.

Ecological Models in Occupational Therapy

Models that describe the relationships among the person, the environment, and occupation inform the practice of occupational therapy. Two particularly influential models are the CMOP-E (Townsend & Polatajko, 2002, 2013) and the Person-Environment-Occupation-Performance (PEOP) model (Baum & Christiansen, 2005). The CMOP-E does not explicitly identify AT; however, the PEOP, which is based on the ICF, locates AT within the environmental component.
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FIGURE 1-1 The Human Activity Assistive Technology model.



Similar to the HAAT model, the CMOP-E and PEOP are ecological models; specifically, they consider the influence of the interaction of a number of elements on occupational performance, participation, health, quality of life, and well-being. It is the transactional nature of the person, environment, and occupation that results in the occupational performance outcome. Figure 1-2 demonstrates a comparison of the main components and subcomponents of each of these models.

In addition to the central constructs of person, environment, and occupation, these models share other ideas. Both articulate notions of environmental enablers and barriers, which are features of the environment that facilitate occupation or limit it. Occupation, or activity, is seen as the bridge between the person and environment, the means by which the person is part of the world. They help guide clinical practice by articulating a practice process. The CMOP-E articulates different roles the clinician plays in the client–therapist relationship (Townsend & Polatajko, 2002, 2013). The PEOP articulates a top-down approach that guides the intervention process of enabling occupational performance and participation (Baum & Christiansen, 2005). Although both are linked to the ICF, the link is stronger for the PEOP.

Models such as the PEOP and the CMOP-E influence our recent articulations of the HAAT model by informing the notion of activity to move beyond the classification to incorporate the complexity of the phenomenon of occupation, which helps us understand the place of AT in the performance of occupation and the enablement of participation. They require us to think not just about how the AT supplements the performance of an activity (e.g., how a calendar application can supplement memory by reminding the user of upcoming events) but to also consider how the user views the occupation and the influence of the different aspects of the environment (or context using HAAT terminology). Similar to the ICF, these models move the emphasis away from the technology and back to the person doing something in a context, which is the essence of the HAAT model.
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FIGURE 1-2 Comparison of the Canadian Model of Occupational Performance and Enablement (CMOP-E), Person-Environment-Occupational Performance (PEOP), and Human Activity Assistive Technology (HAAT) models.



The HAAT model is built on four components: the activity, the human, the AT, and the context. The model is conceptualized as transactional in nature to capture the experience of the individual as he or she engages in activities. This transactional nature broadens our understanding of a person’s participation as enabled by AT through the recognition of the dynamic nature of the person’s experience in a situation as he or she interacts with other people and nonhuman aspects of the context. The current situation is influenced by past experiences and the individual’s understanding of the experience in the present, a concept labeled “situated knowledge” by Cutchin (2008).


Activity

Activities are described in the ICF as the execution of tasks, which along with the ICF notion of participation (involvement in a life situation) is congruent with the construct of occupation. The ICF and occupational therapy models such as the CMOP-E and the PEOP model are useful guides here to identify the activities in which a person who uses AT wants or needs to complete. Commonly, activities of daily living are separated into self-care, productivity (work, volunteer activities, or education), and leisure, although this categorization scheme has been recently challenged as being too limiting. It also suggests that activities are separate in time, space, and place. Many of us experience the need to perform multiple tasks concurrently (as I write this section, I am also providing assistance to my son as he prepares to leave for university), suggesting that this notion of separation is artificial, something that allows us to discuss activity conveniently. Although we will discuss different categories of activities to aid understanding of the concepts and the application to AT, it is understood that the person may engage in multiple activities concurrently; that engagement in activity is dynamic, with participation flowing among different activities.

It is important to understand the activity to be supported, the activity in which the person wants or needs to engage. The activity component of the HAAT model assists the understanding of the tasks in which the user of AT participates. It guides product research and development, selection of AT, identification of functional outcomes to evaluate AT use, and definition of the research question. It helps us think about what the user does with the AT, bearing in mind that sometimes the doing is not observable.

The activity component also includes temporal aspects of length and frequency of participation in activity (e.g., multiple times a day, weekly, monthly, seasonally). Consideration is given to whether engagement in this activity involves other people. Knowledge of where the activity occurs is necessary to determine the contextual influences on activity performance and the effect on use of AT across these contexts, as well as issues affecting transportation of the device as required.

Human

The human component includes the user’s abilities in motor, sensory, cognitive, and affective areas. Analysis of performance in sensory, motor, cognitive, and affective areas is part of initial and ongoing assessment and outcome evaluation. Chapter 3 describes these areas in more detail. Understanding of the human’s function in these foundational areas is necessary to guide the recommendation of effective AT and to develop training programs. Assessment here also includes acknowledgement of whether change in ability is expected to occur (i.e., improvement through developmental changes or recovery or decline through age-related changes or due to the nature of a progressive condition). Function of these basis elements is interpreted in terms of their ability to support performance of desired and necessary occupations, enabled through the use of AT.

Beyond knowledge of body function, an understanding of the person’s roles in life and her experience with technology, motivation, and use of a lifespan perspective are important aspects of the human component of the HAAT model. Roles involve the combination of many activities across different contexts and contribute to a person’s identity. Common roles include parent, worker, student, and consumer. Motivation is an important aspect of the human and is understood from two perspectives, motivation to return to performance of specific activities and motivation to use AT.

A lifespan perspective directs the clinician to consider the developmental aspects of the human. A young child’s skills and abilities are developing, necessitating his reliance on his parents to support activity performance and AT use. An older adult with age-related functional losses will have different needs for AT design and support. In addition, the use of AT may be perceived as a visible sign of loss related to aging.

The concepts of novice and expert technology user influence the balance between clinician and user input into the assessment and training processes. A novice user relies more on the clinician for information because of her lack of knowledge and experience. In contrast, an experienced user knows what she wants the technology to do and is more active in driving the AT acquisition process.

Context

The HAAT model uses the term context in contrast to many other models that use the term environment. When the model was first developed, the term environment was perceived to be too limiting, with the potential to be interpreted as meaning the physical environment. The notion of context was considered to be more inclusive, including social and cultural contexts, and dynamic, thus a better fit with a model used to guide AT applications.

Understanding of mechanisms of disability has shifted in the past decades, although not fully. The medical model of disability locates the “problem” in the individual, as some impairment that needs to be fixed. Intervention that focuses solely on making changes to the individual follows a medical model. Although these interventions are certainly useful and often necessary, use of the medical model exclusively limits recognition of other causes of impairment that lie outside of the individual’s body structures and function (Whalley Hammel 2006; McColl & Jongbloed, 2006).


A social model of disability moves the location of the disability out of the person and into social structures. It recognizes that social perceptions, attitudes, institutions, and policies all contribute to the creation of disability. Furthermore, disability creation results from a dynamic combination of personal characteristics, physical settings, and cultural norms that is “situational and interactive” (Fougeyrollas & Gray, 1998). These situations lead to exclusionary practices that limit the activity and community participation of individuals on the basis of their impairments. The context presents physical, attitudinal, cultural, infrastructure, and institutional barriers that exclude persons with disabilities from full participation in society.

The HAAT model reflects the social model of disability by making the contextual aspects of AT design, service delivery, and use explicit and prominent. Four contextual components are included: (1) physical context, including natural and built surroundings and physical parameters; (2) social context (with peers, with strangers); (3) cultural context; and (4) the institutional context, including formal legal, legislative acts, and regulations; policies, practice, and procedures at other institutional levels such as educational, work, organizational, and community settings; and sociocultural institutions such as religious institutions.

The physical context includes elements of the natural and built environments that support or hinder participation. These elements include inclusive design features such as Braille signage or ramped building entrances but also include physical aspects such as different natural terrains (e.g., snow, ice, sand) that affect mobility. Physical parameters of noise, light, and temperature also form the physical context.

The social context includes individuals in the environment who affect activity participation and AT use. Direct and indirect interactions are distinguished here, with recognition that interaction with others face to face, remotely, or indirectly all have an influence. Individuals who exert an influence indirectly are those responsible for the development and enactment of policies and procedures that affect the participation of persons with disabilities. The social context also includes consideration of the society in which the individual lives and the social values and attitudes that affect his full social inclusion.

The cultural context involves systems of shared meanings (Bruner, 1990; Jonsson & Josephsson, 2005) that include beliefs, rituals, and values that are broadly held and that do not change as quickly as socially held attitudes and practices. Although similarities exist among social and cultural contexts, cultural beliefs transcend social settings, formed as part of membership in a group, such as a religious or ethnic group, rather than living in a particular social context. Actions and attitudes are influenced by perception of time and space, rights and responsibilities of different members of a group, independence and autonomy, and beliefs about the causality of life situations such as disability (Jonsson & Josephsson, 2005).

The final element of the context is the institutional context, which involves two key areas, (1) legislation and related regulations and (2) policies and funding. Relevant legislation affects individuals with disabilities by requiring access to key rights such as education, health care, and employment. It also details requirements for inclusion of individuals with disabilities in most aspects of community and social life. On the funding side, legislation, regulation, and policy define who and what are eligible for funding and the process whereby funding is obtained.

Assistive Technology

Assistive technology in the HAAT model is viewed as an enabler for a human doing an activity in context. This component has four aspects: the human/technology interface (HTI), the processor, the environmental interface, and the activity output. Interaction with the human is by the HTI, which forms the boundary between the human and the AT. A two-way interaction occurs at this boundary (i.e., information and forces are directed from the human to the technology and vice versa).

The technology supports activity performance through an activity output, which is cognition, communication, manipulation, or mobility. The HTI and the activity output are linked by the processor, which translates information and forces received from the human into signals that are used to control the activity output. Some assistive technologies (e.g., sensory aids) must also be capable of detecting external environmental data. The environmental interface accomplishes this function. After the external data are detected, the processor interprets and formats them so they can be provided to the user through the HTI. Not all assistive technologies have all of these components. However, all of them have at least one of these components, and most have two or three.

Assistive technologies can also be considered on a continuum that identifies technology produced for the mass market, or mainstream technology, to technology that is created for a single individual. As will be seen in Chapter 2, increasingly, individuals with disabilities can use technology that is mass produced, intended for a wide consumer audience. In particular, information and communication technologies and computer technologies are useful for individuals with a wide range of abilities. These devices are typically easier to obtain and less expensive than devices that are produced specifically for individuals with disabilities. On the midrange of this continuum are products that are produced for individuals with disabilities that are usually used “off the shelf” with minimal or no modifications necessary. At the other end of this continuum are devices that are created for a single individual (or a very small number) that meet very specific needs of that person. These devices tend to be more expensive and more difficult to obtain because they are custom made and produced in very low numbers. Figure 1-3 illustrates this continuum.

The complexity of the technology is another consideration of this component of the HAAT model. A continuum of complexity ranges from simple to complex in terms of ease of use and the configuration of the AT hardware. Devices that are simple to use tend to be more acceptable to the user and less likely to be used incorrectly.
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FIGURE 1-3 Continuum illustrating the progression from mainstream to custom-made technology.



Another way of considering complexity is by describing technology as low tech or high tech. Low-tech devices are simple to operate and construct, often are manually driven, are easy to acquire, and are low cost. Examples of low-tech devices are mouthsticks, adapted utensils, and computer keyguards. In contrast, high-tech devices are more complex to use; frequently are electrically powered or feature electronics; have multiple functions, including functions that are defined by the user; are more difficult to acquire; and are more expensive. AAC devices, powered wheelchairs, electronic aids to daily living, and robotic devices are all examples of high-tech devices.

A final distinction is made between hard and soft technologies. Hard technology refers to the actual, tangible device, such as computer hardware, an AAC device, a hearing aid, or a mobility device. Most of the formal definitions of AT refer to these hard technologies. In contrast, soft technology refers to less tangible aspects that support the use of a device, including other people, written or auditory materials, and computer software. These technologies involve decision making, strategies, training, concept formation, and service delivery that are used in the research and development of new products, decision making when making a product recommendation or purchase, and then the activities involved when learning how to use the new device. Initially, a new user or clinician may depend heavily on external resources, such as this textbook, to learn about device use. With greater confidence and knowledge, additional strategies and flexibility are applied to device use and to the service delivery process.

Reassembling the Human Activity Assistive Technology Model

The HAAT model describes a complex and dynamic framework for understanding the place of AT in the lives of persons with disabilities, guiding both clinical applications and research. It includes several different elements that affect use of AT. The dynamic nature of the model reminds us that these elements interact and influence each other and that the degree of influence changes. For example, in the summer, the weather, which is part of the physical environment, may have little influence on the outdoor mobility of a person who uses a device that supports mobility for either vision or movement reasons. However, in the winter when snow, ice, and cold are present, the physical context has a much greater influence on outdoor mobility. The institutional context supports activity participation via AT use when public funding is provided for device acquisition but becomes a hindrance when devices are not funded at a sufficient level.

Collectively, the elements of the human, activity, and context affect the selection and success of the AT as an enabler of human activity. A consistent process for product design and recommendation is described that recognizes the importance of understanding the activity the person wants and needs to perform, the capabilities of the individual, and the influence of the different aspects of the context on device acquisition and use. Understanding the activity ensures that the device will support the performance of something useful. Understanding the person results in knowledge not only about her abilities, skills, and knowledge but also about her stage in life; experience with technology; the roles she enacts; and the meaning she holds for the activity, her disability, and use of AT. Understanding the context results in knowledge of how the physical, social, cultural, and institutional contexts individually and collectively support or limit activity participation of an individual with a disability as well as the acquisition and use of AT.

Client- or user-centered approaches are primary themes in the application of the HAAT model. It is important to understand the client’s goals and her perception of her own needs as a starting point in the service delivery and research process. Technology that does not meet the client’s needs or expectations will not be useful to support the client’s full potential. Most of us probably have devices that we thought would be useful when purchased but that did not meet our expectations and were put aside. In the case of AT, particularly for devices that are acquired with public funds, such device abandonment has greater implications if the user’s activity performance is compromised or scarce health care funds are wasted.

In the next two chapters, the different elements of the model are presented individually, and then their mutual interactions are described. Although we do separate the components in order to discuss the key ideas of each, it is important to understand that the model is intended to be considered as a unit, with each element contributing to the desired outcome of activity performance and community participation of the technology user.


Ecological Models of Assistive Technology

Two other models were developed specifically to address AT assessment and service delivery, the Matching Person and Technology (MPT) model (Scherer & Glueckauf, 2005) and the Comprehensive Assistive Technology (CAT) model (Hersh and Johnson, 2008a, 2008b). Both of these models incorporate elements of the person, the environment, and the technology. CAT also incorporates the activity component.

The MPT was developed to support an AT assessment process that is goal directed, client centered, and designed to facilitate the identification of AT that is most likely to be used by the individual. The model incorporates three key elements: person (preferences and needs), milieu (elements of the environment that affect AT use and function), and AT (features and function) (Scherer & Glueckauf, 2005).

Several assessments are available that are based on the model. Commonly, these assessments require input from both the potential user or client and the professional assisting with the identification of appropriate AT. The assessments include evaluation of current use of technology and a series of tools that evaluate the attitude and experience with general, educational, and workplace technologies. These assessments are discussed in greater detail in Chapter 5 on service delivery. Matching Technology and Child (MATCH) assessments are a recent development from this group.

The MPT approach is consistent with HAAT in that it considers a complex situation (use of technology), identifies critical elements that affect the situation, and understands that making changes in one element will effect change (positive and negative) in other elements. The MPT does not specifically discuss activities, which are explicit in the HAAT model; however, links to the WHO Activities and Participation categories have been made with different MPT measures (Scherer & Glueckauf, 2005).

The CAT model was developed by two electronics and electrical engineers. It is primarily designed to categorize and describe different features that influence the use of AT. Design specification, initial assessment, and outcome evaluation are identified as the prime applications of CAT (Hersh & Johnson, 2008a). CAT is modeled closely on the WHO ICF. It is organized in a tree and branch structure, with different options of display (e.g., chart, table, and engineering flow diagram), depending on the user’s needs and preferences. The model’s main categories are activities, human, context, and AT. There are three levels of categories—the main areas listed above and then sublevels under each.


Hersh and Johnson (2008b) demonstrate the different applications of the model, with benefits of identifying key elements to consider when designing, selecting, or evaluating AT. They show how the model can be used to describe relevant features for a specific purpose.

Conceptually, the CAT model is very similar to the HAAT model because it contains very similar main categories. Both models can be used for similar applications of device design and development, guidance of the service delivery process, and outcome evaluation. The main difference between these models is in the supporting description—whereas the HAAT model posits a more dynamic interaction among the different components, CAT seems to provide more description of the individual categories in a situation rather than describing an interaction among these categories.


Application of the Human Activity Assistive Technology Model

The HAAT model has four primary applications: (1) product research and development; (2) product usability studies; (3) client assessment; and (4) outcome evaluation, which can include individual and collective outcomes of AT use. The general process for each of these is similar—identification of the desired activity, consideration of the individual or collective user characteristics, and determination of the contextual factors that influence the device acquisition and use all precede consideration of the AT.

Product Research and Development

Products that are developed without consideration of the activity, human, or contextual needs, and influences are less likely to meet the needs of the user. For this reason, we advocate conducting preparatory studies that investigate these needs before a produce is designed. Two of the foundational principles of this book—AT design and service delivery processes that are person centered and function based—are influential here. The lived experiences of individuals with disabilities are critical parts of the AT research and development process to support identification of the need for a product and to evaluate the success of each design iteration to meet that need.

Although not explicitly based on the HAAT model, the process used to develop a toileting system for children with seating needs illustrates a user-centered and function-based approach (Lee et al., 2002). The process started with parents of young children providing their opinion on toileting needs, including how they needed to be able to use a toileting product (e.g., it needed to be easily removed from a toilet so others in the household could use the toilet). These opinions were then translated into design features that led to the development of an initial prototype and an evaluation instrument that could be used to critique the prototype. The prototype, along with other currently available products, was then evaluated by parents using the criteria that had been developed in the initial phase. Concurrently, the children who might benefit from the device were seated in it so that an experienced physiotherapist could evaluate the positioning and the children could indicate their opinion of the device. The final stage of the development of the product, before the technology was transferred, involved use of the device in the home over an extended timeframe so the parents and children could provide feedback on the utility and usability of the device (Lee et al., 2002). The extensive feedback obtained at each stage and the identification of key aspects of the activity, human user, and the contexts in which the device was used resulted in a product that ultimately met its intended outcome.


Usability


Fisk et al. (2009) distinguish between device utility and usability. Whereas utility describes how well the device meets its intended function, usability describes how well the user is able to access the device’s functionality (Fisk et al., 2009). They identify five key features of usability:

1. Learnabilty: All functions of the device are easily learned. We would add consideration of the effectiveness of soft technologies to support learning here.


2. Efficiency: The user meets the intended goals of device use in a reasonable amount of time with minimal frustration, effort, and frustration.


3. Memorability: How the device is used can be easily remembered, particularly when a function has not been used over a long period of time. An example of memorability involves programming a particular function on a smart phone. When the programming process is easily retained or retrieved from memory, this aspect of usability is satisfied.


4. Errors: This aspect refers to incorrect actions the user makes or actions that are omitted that limit or prevent a device from functioning as intended. It is important that errors can be recognized, that the effect of an error is minimal, that feedback is given to signal an error is made, and that the user can repair an error made.


5. Satisfaction: The user has a positive experience when using the device, which we interpret as satisfaction with how the device functions as well as the image that the device use conveys to the user (Miller Polgar, 2010).


6. Ease of use: In addition to the five criteria listed above, identified by Fisk et al. (2009), we add ease of use. This last criterion involves many of the ideas above, but it also makes explicit the idea that a device must be simple to use on a regular basis, which we interpret as minimizing the number of steps required to generate the desired output.


Two major perspectives of usability analysis are described. In the first instance, the goal is to identify and rectify problems that a person encounters when using the device. The second involves performing a number of tasks with the device and measuring the user’s performance. Although both will provide useful information on problems with device use, the second type of analysis provides details on steps necessary to use the device as well as cognitive, communicative, sensory, and physical demands of device use (Fisk et al., 2009).

Clinical Assessment

The assessment process is described in greater detail in Chapter 5. The basic process involves identification of the need to be addressed by AT use, assessment of key aspects, synthesis of the assessment results, and device recommendation. Assessment is user centered, which means that the user of AT—and others as appropriate such as a parent, child, or spouse—are equal partners on the assessment team and that their goals for device use are paramount in driving the assessment process.

Assessment can include both formal and informal instruments, with formal instruments interpreted as tests that have been developed using rigorous procedures with established measurement properties and that are administered and interpreted in a standardized manner. Informal assessment involves observation and interview to gather input and information.

The clinical team includes the AT users (and relevant others), audiologists, occupational and physical therapists, speech language pathologists, nurses, physicians, teachers, rehabilitation engineers, and rehabilitation and educational assistants. Institutional policies and practices determine who is present during an assessment and what their responsibilities are regarding different aspects of the assessment.

Assessment culminates in device recommendation and acquisition. When possible, the assessment process also results in procurement of funding. This component requires knowledge of who is responsible to request funding and what is required to make that request.

Outcome Evaluation

Outcome evaluation involves two aspects, evaluation of the outcome of device use by an individual client and outcome of device use for a group of individuals. In the latter case, this evaluation forms part of the evidence base that is increasingly necessary to justify requests for funding of AT.

Outcome evaluation of an individual client ideally occurs at several points after acquisition of the device: immediately after acquisition and short- and long-term follow-up. In reality, the possibility of conducting these evaluations depends on funding, institutional policies, and clinician workload. Unfortunately, often the only time a clinician is able to follow up with the client is at the time the device is delivered, which limits the ability to evaluate how well the device has been integrated into the client’s life.

Outcome evaluation is based on the goals identified by the client regarding the acquisition of the device. This evaluation determines how well these goals have been met. In addition, other outcomes, such as satisfaction with the device and the psychosocial impact of the device use, which are discussed in greater detail in Chapter 5, can also be incorporated into the individual client evaluation. Carpe et al. (2010) used the HAAT model to interpret their data in a study of children’s perceptions of their use of writing and communication aids. The HAAT model was useful to identify barriers and enablers to the use of these devices.

On a larger scale, evaluation of the outcomes of device use with a sample of clients provides information on device use, the ability of the device to meet the intended need, and feedback on device design for future development. Commonly, this type of evaluation is conducted as part of a formal research study with the purpose of building an evidence base related to the AT use. This evidence base supports clinical decisions, influences policy, and justifies new and continued public funding of assistive devices and services.


Lenker et al. (2012) reviewed the service delivery process associated with the HAAT model along with other models relevant to AT service delivery. They concluded that it provides useful information to support a client-focused approach. The model and associated process will benefit from continued development of more specific processes and methods to support outcome evaluation research (Lenker et al.).


Summary

Technology is ubiquitous in the performance of our daily activities. Very few activities are performed without the support of technology. AT is defined formally as technology designed specifically for individuals with disabilities to augment or replace function. This definition commonly is used to identify devices that are required by different pieces of legislation or regulations that support accessibility and inclusivity of individuals with disabilities. However, increasingly, devices that are developed for mainstream use (i.e., that are not developed specifically for individuals with disabilities) are useful by persons with a wide range of abilities. In particular, information communication and computing technologies have features included that make them accessible to individuals with varying abilities.

Several key principles guide the design, assessment, and evaluation of assistive technologies. These principles include (1) person-centered processes, (2) function as the outcome, (3) use of an evidence-informed process, (4) use of an ethical process, and (5) provision of AT in a sustainable manner. These key principles can be used by professionals involved in device design and development, clinical applications, and policy makers to ensure that devices meet their intended functional goals, are accepted by the intended users, and are congruent with the context in which they are used.

The HAAT model is the framework applied in this book. It describes a human doing an activity in a context using AT. It has four main components: (1) activity, (2) human, (3) context, and (4) AT. The model is based on ecological and transactional constructs, emphasizing the dynamic and integrative nature of its components. The model is applied in the research and development, device usability, clinical assessment, and outcome evaluation processes.

The next several chapters of this book describe the HAAT model in detail and discuss ethical and service delivery issues relevant to AT. These chapters make the application process of the HAAT model explicit. The remainder of the book focuses on specific categories of AT. Each chapter is organized to reflect the HAAT model, starting with the activities that are supported by the AT discussed, attributes of the human user of that particular category of technology, contextual considerations, and assessment and outcome evaluation. The bulk of each chapter is devoted to description of the technology that is currently available as well as emerging technology. This organization is deliberate to illustrate the process inherent in the HAAT model and to provide sufficient detail about the different technologies to support their clinical application.



Study Questions


1. Contrast the concept of disability as understood from a medical versus a social model. Describe how each influences AT use and service delivery.


2. Discuss how the presence of a disability influences the life circumstances of a person with a disability.


3. Identify the elements of formal definitions of AT. Contrast these with information definitions of AT.


4. Identify and describe the key components of the ICF, CMOP-E, and PEOP. Discuss their influence on the HAAT model.


5. Describe each of the four principles that guide AT service delivery. Give an example of each.


6. Describe each component of the HAAT model and give an example of each. Describe each of the four contextual components. Give an example of each.


7. Identify and describe each of the four applications of the HAAT model.
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Learning Objectives


On completing this chapter, you will be able to do the following:

1. Describe the various technology options that are available for meeting the needs of people with disabilities.


2. Define assistive technology (AT).


3. Understand the principles of universal design and their application to meeting the needs of people with disabilities.


4. Describe the changing demographics that affect the development of AT applications globally.


5. Distinguish between hard and soft AT and describe each.


6. Identify and describe the major functional parts of AT devices.


7. Describe the major categories of soft technologies.


8. Understand the technology options for meeting the needs of individuals with disabilities through technology.






Key Terms


Assistive technologies (ATs)

Activity output

Control interface

Environmental sensor

Function allocation

Human/technology interface (HTI)

Information and communication technologies (ICTs)

Mainstream technologies

Mainstream smart phones

Mechanisms

Mobile technologies

Processor

Smart wheelchairs

Soft technologies

Universal design

User display



In the 21st century, the world is moving from a machine-based or manufacturing economy to a knowledge-based economy (Ungson and Trudel, 1999). The focus of the development of the knowledge economy is to overcome traditional societal barriers, including spatial distribution of citizens, language or knowledge barriers, handicaps resulting from disabilities or environmental conditions, social status, and economic power (Weber, 2006).

There is also a trend from a regional or national scope to a global scope. This may mean that the “digital divide” between developed and emerging countries is narrowed. If the information age brings significant growth and improvement in living conditions in underresourced countries, will people with disabilities be included? The answer will only be “yes” if sufficient attention is paid to accessibility.


Information and communication technologies (ICTs), including computers (desktop and notebook), standard and smart cell phones, and tablets, are the gateway to the knowledge-based economy. Access to the Internet is more critical for people with disabilities than for the general population because they lack alternatives for information retrieval or participation in general (Weber, 2006). In Chapter 8, we discuss ways in which ICTs are being made accessible and are being used as assistive technologies (ATs).


Another important factor is that technologies are changing rapidly. These technologies are tools. Tools that dramatically affect the way we learn, work, and play. The ability to make tools is what distinguishes us as human, but our tools ultimately control us by making us dependent on them (Wright, 2004). If you do not believe it, give up your computer and mobile phone for 24 hours or more and see if you can survive without them. This dependence on technology may be optional for most of us, but it is much less so for people with disabilities because they often depend on technologies to access work, perform tasks of daily living, and participate fully in the community.

It is not only ICTs that are changing the technology options for people with disabilities. New materials are also making it possible to provide greater comfort and avoid skin breakdown in seating systems. Lighter materials are making wheelchairs and other mobility products easier to use and transport in vehicles. Changes in mainstream products for home use (e.g., food preparation and consumption, self-care) are being designed to accommodate for older individuals with arthritis or loss of visual or hearing ability. Most significantly, many more products from automobiles to home appliances are being designed with features that increase their accessibility and usability for individuals who have disabilities. The end result of these factors is that there are many more technology options available to meet the needs of individuals who have disabilities. Some of these are mainstream products, and some are specially designed for people with disabilities.

The constellation of functions in ICTs such as a smart phone is typical of those required for many ATs whether based on mainstream technology or specially designed devices. We already know how to make many devices accessible; we just need to make sure it happens with new technologies. In this chapter, we consider the broad scope of technological capability that is emerging and the specific implications that those technologies have for people with disabilities. Pullin (2009) observed that “despite a proliferation of technology and consumption that is so worrying in other ways, many people remain excluded and disabled by design that does not acknowledge their abilities” (p. 69). Addressing this challenge by accessing mainstream as well as specialized technologies can enable people who have disabilities to participate more fully in all aspects of society.

The Changing World of Assistive Technologies and Its Impact on Persons with Disabilities

An often used definition of assistive technology (AT) comes from US Public Law (PL) 100-407, the Technical Assistance to the States Act in the United States:

Any item, piece of equipment or product system whether acquired commercially off the shelf, modified or customized that is used to increase, maintain or improve functional capabilities of individuals with disabilities.


When this definition was developed in the 1990s there were few adaptations built into mainstream products, and most of the ATs were specially designed to meet the unique needs of people with disabilities (Cook & Hussey, 1995). Over time many of the special adaptations developed for people with disabilities have become standard features incorporated into mainstream products. A partial listing of these features and both their AT and mainstream uses are shown in Table 2-1. Table 2.2 lists some mainstream derivatives of accommodations originally made in public buildings for people with disabilities.

This bidirectional exchange of functionality is long-standing (Newell, 2011). Cassette tapes and long-playing records were developed to support talking books for the blind. The typewriter was developed for a blind Italian countess, the ballpoint pen for people who could not use a pen with a point because of poor manual skills, and a carpenter’s miter blocks for those who could not use two hands for sawing were all developed first for people with disabilities. The introduction of the telephone was originally intended to help individuals who were hard of hearing, but its impact was felt mainly in the mainstream population, actually marginalizing those who had difficulty hearing (Emiliani, 2006). However, the same technology that made the telephone possible was also useful in sensing sound and making it available for amplification in hearing aids. Furthermore, the problems of profoundly deaf people were ameliorated by the discovery that telephone lines could be used to transmit digital data via modems. This made the TTY (see Chapter 14) possible as a visual substitute for auditory information communicated over telephone lines. It also made possible the use of SMS (texting) on cell phones. The contribution to the mainstream of design concepts, materials, and approaches that were originally intended for people with disabilities includes material and manufacturing techniques as well. Pullin (2009) describes how plywood manufacturing techniques developed for splints during World War II led to the design and mass manufacture of unique furniture in the 1940s and 1950s. This “migration” of features from ATs to the mainstream technology world and back has contributed to a larger trend that is based on universal design.


Universal Design

Over the past 20 years, mainstream off-the-shelf technologies have become increasingly more accessible to people with disabilities. To lead full and productive lives, persons with disabilities need to have the same access to mainstream technologies as the rest of the population. Of particular importance are mobile devices (smart phones, tablets) and computer and information technologies because of the impact they are having on worldwide development and international commerce. We discuss the implications for this access in Chapter 8.

Commercial products may be designed according to the principles of universal design: “The design of products and environments to be usable by all people, to the greatest extent possible, without the need for adaptation or specialized design” (Sanford, 2012, p. 66).

In this approach, features that make a product more useful to persons who have disabilities (e.g., larger knobs; a variety of display options such as visual, tactile, or auditory; alternatives to reading text such as icons or pictures) are built into the product.

In some countries (e.g., those in Europe), universal design is known as “design for all.” The North Carolina State University Center for Universal Design, in conjunction with advocates of universal design, has compiled a set of principles of universal design, shown in Box 2-1. This center also maintains a website on universal design (http://www.design.ncsu.edu/cud).


TABLE 2-1

Mainstream Derivatives of Assistive Technology



	Technology Name
	Assistive Use
	Mainstream Use




	Closed captioning
	Textual translation of voice and sounds on TV for people who are deaf or hard of hearing
	Television screens in lounges and gyms (more used here than by people who are deaf)



	Voice recognition
	Text entry for those who are unable to use their hands to type on a keyboard
	Anyone wanting to enter text faster than they can type; widely used by lawyers; telephone prompt systems



	On-screen keyboards
	Text entry for those who are unable to use their hands to type on a keyboard
	Tablets and personal digital assistants (PDAs); many emerging computing platforms do not have a keyboard attached and require the use of an onscreen keyboard for text entry



	Speech synthesis
	Computer-generated speech used to communicate for those unable to speak using their own voices
	Voice prompt telephone systems; many software applications where verbal feedback is provided



	Digitized speech
	Computer-generated speech used to communicate for those unable to speak using their own voices
	Voice prompt telephone systems; many software applications in which verbal feedback is provided



	Computer keyboard equivalents
	Keyboard access and control of menu items for people who are unable to use a mouse or see the screen
	Shortcuts to save time by anyone (e.g., Control-S to save)



	Mouse keys
	Control of the cursor via the numeric keypad for people who are unable to use the mouse
	Graphic designers who wish to move the cursor a single pixel at a time and have difficulty doing so with a mouse



	Sticky keys
	Assist one-handed typists in accomplishing key combinations, such as Shift-A
	Anyone who is a two-finger typist can use this feature (and there are many)



	T9 disambiguation
	A quick way to enter text using scanning by someone who is unable to use a keyboard (fewer keys means less time scanning)
	The majority of cell phone companies in the world have now licensed this technology to speed text entry using the numbers on the telephone keypad.



	Word prediction
	Speed text entry for people who are unable to use their hands to type on a keyboard
	Used everywhere from spreadsheets to language learning software. Word completion and word prediction help speed text entry for everyone.



	Abbreviation expansion
	Speed text entry for people who are unable to use their hands to type on a keyboard
	Now a standard feature in most mainstream word processing applications; type common terms, such as your name and address, with a single abbreviation



	Single latches on laptops
	Allow people with only one arm to open the lid on a laptop
	Ever had one arm full of papers and tried to open your laptop lid? You will immediately appreciate this feature when you do.



	On/off push button toggle switches
	Ability for people with limited motor control to turn on/off computers (instead of the traditional rocker switches in the rear)
	Now almost every computer made uses this type of switch because it is simply easier for everyone



	Call-out control descriptions
	Allow people who are blind to have the description of a control icon read to them via speech synthesis
	Anyone wondering what a certain toolbar icon is supposed to mean can now dwell over it and get the text description



	Screen enlargement
	Allows people with low vision problems to more easily see the screen of the computer
	Often used during presentations or in kiosks to make certain parts of the computer screen more viewable by the public



	System color schemes
	Allow people who are color blind or have low vision to see the computer screen easier
	Who do you know who has not played with the system colors and customized them to their own tastes? High-contrast modes are often used in presentations to large audiences when the screen must be seen from large distances.



	Wearable computers
	Allow someone with a disability who is using a computer for communication to have it with them at all times (e.g., glasses-mounted displays)
	This is just emerging. There are specialized uses for it now, such as the military, but it will become more common for everyone in the future.



	Head tracking devices
	Allow someone without the use of their hands to control the cursor
	Gamers who are using their hands for other things such as firing buttons can still control the cursor. Also used by database entry clerks and other computer operators who must have their hands on the keyboard at all times. Used in hazardous environments where the computer is behind a window yet can still be controlled.


	Table Continued
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	Technology Name
	Assistive Use
	Mainstream Use




	Brainwave recognition units
	Allow someone without the use of their hands to control a computer through thought
	This is just emerging as well. One can only imagine the possibilities.



	Single-switch hardware interfaces
	Allow people with physical disabilities who are unable to use a pointing device or keyboard to control the computer using a single switch
	Used as a simple data acquisition solution for anyone needing to plug a switch into a computer. One known example: a TV weatherman who changes slides on the weather map he is standing in front of using a small switch in his hand.



	Swype text input for touch screens
	People who have difficulty using a standard keyboard (e.g., people with spinal cord injury, learning disabilities, amyotrophic lateral sclerosis) can enter text using head tracking or touch much faster than traditional uses of on-screen keyboards
	Smart phones and the proliferation of touch-screen devices (e.g., iPads) do not have keyboards. Swype is used for all people using these devices to enter text much faster than alternative methods.






[image: image]


Compiled by Randy Marsden, Edmonton, AB, Canada.





TABLE 2-2

Mainstream Derivatives of Public Building Accommodations



	Technology Name
	Assistive Use
	Mainstream Use




	Pay telephone volume adjustments
	Allow people who are hard of hearing to use the public telephone
	Most public phones are in noisy environments (e.g., traffic noise), so turning up the earpiece volume is used by anyone talking on the phone



	Sidewalk curb cuts
	Allow people in wheelchairs to cross the street
	Skateboarders, parents with baby strollers, people pushing shopping carts, bicyclers, and rollerbladders all thought they were put there for them



	Automatic doors
	Allow people in wheelchairs to enter a building
	A study showed that people without apparent physical disabilities preferred to use an automatic door over an adjacent revolving door 97% of the time



	Low buttons on elevators
	Allow people in wheelchairs to select floors on the elevator keypad
	Children who insist on pressing the desired floor in an elevator can now reach the buttons without a parent having to pick them up



	Music played in conjunction with crosswalk signals
	Allows people who are blind to know when it is okay to cross the street
	Anyone not paying attention now has an audible cue when the walk signal changes



	Elevators in two-story buildings
	Allow people in wheelchairs to access the second floor
	Even though most people can manage a flight of stairs (in 95% of homes), most still use the elevator in public buildings



	Enlarged bathroom stalls
	Allow people in wheelchairs to transfer from the chair to the toilet
	Ever been going through an airport with a bunch of carry-on luggage and tried to fit in a normal sized stall? Enough said.








Universal design can be less expensive than modifying a product after production to meet the needs of a person with a disability. However, the increased emphasis on economic sustainability and profit worldwide has caused a level of skepticism in industry regarding the cost–benefit ratio of universal design (Emiliani, Stephanidis, & Vanderheiden, 2011). Companies faced with limited profits and very competitive markets have adopted the concept that “people with limitations should be a duty of the welfare system in the different countries and should not be an obstacle to the main aim of industry, i.e., to the generation of profit” (Emiliani et al., 2011, p. 108). In some areas (e.g., telecommunications equipment), companies may be mandated by legislation to make products accessible to a wide range of users “without much difficulty or expense.” To accomplish this goal, companies must look at the costs and the resources available to address accessibility (Schaefer, 2006). Large companies with more resources will be expected to do more than small companies with limited budgets because large mainstream companies “being forced (e.g., by legislation) to take into account all users is considered by them an undue interference in their goal (serving the mainstream customer and maximizing profits)” (Emiliani et al., 2011, p. 107).



BOX 2-1 Principles of Universal Design

1. Equitable use: The design is useful and marketable to people with diverse abilities.


2. Flexibility in use: The design accommodates a wide range of individual preferences and abilities.


3. Simple and intuitive use: Use of the design is easy to understand regardless of the user’s experience, knowledge, language skills, or current concentration level.


4. Perceptible information: The design communicates necessary information effectively to the user regardless of ambient conditions or the user’s sensory abilities.


5. Tolerance for error: The design minimizes hazards and the adverse consequences of accidental or unintended actions.


6. Low physical effort: The design can be used efficiently and comfortably and with a minimum of fatigue.


7. Size and space for approach and use: Appropriate size and space is provided for approach, reach, manipulation, and use regardless of user’s body size, posture, or mobility.






According to Pullin (2009), universal design mixes two concepts: (1) different people have different skills and abilities, and some designs may exclude some individuals, and (2) different people have different needs and desires that may or may not be related to their abilities (i.e., they may just want different things from a product or service). These two concepts are addressed by different approaches. The first can be addressed by flexible interfaces that use different sensory, cognitive, and physical modalities. This type of personalization can be found on websites such as Amazon related to content (e.g., “You might also like these similar items”) (Emiliani et al., 2011). By expanding this concept, personalized interfaces may be developed for websites and for other downloadable applications for mainstream technologies “. . . provide alternative and personal user interfaces in an economically feasible fashion” (Emiliani et al., 2011, p. 106). This approach takes advantage of technology advances in mainstream products while also allowing users with a wide range of abilities to access the product through specialized interfaces. One example cited by Emilani et al. is the Universal Remote Console (URC) framework (see Chapter 12).

The second need cited by Pullin (2009) (i.e., different people have different needs and desires that may or may not be related to their abilities) is addressed through multimodal platforms that have many features and flexible configurations. Inexpensive AT devices will have to be based on mainstream devices such as smart phones equipped with a variety of sensors; a GPS antenna built in; and features such as voice recognition, word prediction, and speech output that make them ideal platforms (Emiliani et al., 2011). Customization of the platform to meet AT goals will be provided through software apps. Examples of applications to meet specific needs are discussed in later chapters.

Product development time and cost can also be affected by the inclusion of universal design principles. Björk (2009) evaluated the design of two supportive seating products. One used a universal design approach, and the other was developed as a modular solution that could be adjusted to fit a variety of users. The development of the universally designed system took four times as long as the design and development of the modular system.

When telecommunication product developers do not focus on the needs and preferences of users who have disabilities, design flaws occur (Lee, Jhangiani, Smith-Jackson, Nussbaum, & Tomioka, 2006). One example that could be resolved by simple changes in design is the inability to change font types on most mobile phones. From a universal design point of view, this feature would help individuals with low vision from a variety of causes (including not having their reading glasses handy when the phone rings).

A major distinguishing feature between ATs and universal design is the focus. ATs are developed and applied to maximize societal participation by individuals with disabilities in carrying out the functional tasks of daily living. Universal design has a focus on the functionality of design for as wide a segment of the population as possible without concern for individual needs (Sanford, 2012). Much of universal design addresses the built environment. That aspect is beyond the scope of this book.

Universal design also applies to products and services such as ICT. Because of the increasing universality of many mainstream products, largely because of the application of concepts originally developed for ATs, many needs of individuals who have disabilities can be addressed by mainstream commercially available products. In this book, we will deal with the continuum of technologies from mainstream to highly specialized with a focus on meeting the needs of individuals who have disabilities.


General Design Concepts and Usability of Everyday Things

The concept of design of everyday things was originated by Donald Norman in the 1990s (Norman, 2002). Concerned with the difficulty he and others experienced in using common objects that were poorly designed, he set out to improve the design of the things that we all encounter daily. Norman observed that the operation of many products was neither obvious nor easy to figure out. He used the concept of “affordances” to describe this mismatch between observed properties and functional operation. Affordances are “perceived and actual properties of the thing” (Norman, 2002, p. 9). If a designer follows Norman’s principles, then the operation of the device will be conveyed to the user by the design itself.

Norman used the term constraints to identify the limits on the possible number of uses for an object. Classes of constraints used by Norman include physical (rely on the properties of the physical world), semantic (based on meaning), cultural (rely on accepted conventions), and logical (Norman, 2002). The latter category describes the relationship between the spatial and functional layout of components and the functions that they control or affect. If these constraints are viewed in terms of the wide range of skills and abilities of persons with disabilities, then they can contribute to the universality of products. Norman also considered the role of design in system errors. He defined two types of errors, slips and mistakes. Slips result when the user has the correct goal but the wrong execution. Mistakes result from the wrong goal. He discusses these types of errors in terms of the device affordances, operator patterns of action, and user device features.

To improve design, Norman proposed that a mapping of the relationships between affordances and constraints be used to yield possible operations of any object. He also described the concept of perceptual models that allow us to predict the effect of our actions on an object. Associated with the perception of the object is the sensory feedback that the object provides to the user. This feedback can be tactile (e.g., the click of a switch or the force encountered in turning a knob), visual (e.g., movement when activated, lights or other indicators), or auditory (e.g., a click when a knob is turned, auditory alarms or signals). The principles of universal design in Box 2-1 are supported by the ideas of affordances, constraints, and the classification of errors developed by Norman. His concepts of design of everyday things and the principles of universal design in Box 2-1 have made a significant contribution to functionality in tasks of daily living for persons with disabilities.

Disability Demographics and Assistive Technologies

The characteristics of the population served by ATs are changing in several important ways. The demographics of the world population are changing with a significant shift to an older population. Because many individuals in this age range require some sort of assistance, this growth is presenting particular challenges for AT providers. With the possibility of mainstream technologies enabled by specialized applications taking the role of ATs, the opportunity to reach a larger percentage of the world’s disabled population is significantly increased. Over the past 5 to 10 years, the needs of individuals with cognitive disabilities have begun to be addressed. This segment of the AT market is also increasing, and there is potential for mainstream technologies to be used in meeting these needs. The impacts of these three demographic changes are discussed in this section.

Increasing Older Global Population

The emerging group of elderly individuals (i.e., “baby boomers”) is generally more experienced with computers and other technologies than earlier generations, and they will insist on greater performance and adaptability from both ATs and mainstream technologies such as mobile technologies (e.g., cell phones, smart phones, tablets, and embedded technologies). This age-driven increase in the size of the “disabled community” has been characterized as the “new old” (Cravit, 2008). These individuals will have greater technological competence and experience, higher expectations for technology performance, more active [lifestyles], and a longer life span than previous “older populations”. The latter will lead to more dependence on technologies related to aging. Older adults also have an increase in holistic judgment, a lifetime of experience, and a release of creative abilities and energies because of reduced work and family responsibilities (Newell, 2011). Meeting the needs of this population will require innovative approaches to both universal design and ATs. Mainstream technologies should not frighten seniors who need to use them (Newell, 2011). Future requirements depend on personality as well as disability of users, and they must be accommodated as the demographics change and more users are older than 65 years of age and eventually older than 80 years of age. The varying responses of seniors to technology advances are illustrated in Figure 2-1.

Despite the changing attitudes of tomorrow’s seniors, there are major needs that this group will have that might be addressed by technology, particularly ICTs (Newell, 2011). Remaining connected to family and community through communication networks can help reduce feelings of isolation. Access to shopping and services from home via Internet connectivity is an advantage for those with restricted mobility. The possibility of working from home can contribute to greater financial security. All of these advantages depend on ICTs that are available, accessible, and affordable for a senior population.


Vicente and López (2010) investigated the differences between Internet users with and without disabilities and elderly adults in Spain. In contrast to the “new old” concept of Cravit (2008), this study included elderly individuals with limited technology experience. Affordability is an issue because people with disabilities have lower incomes, and they may also lack training and support. People with disabilities and elderly individuals have attitudes toward the Internet that can limit its usefulness to them. In general, they have a lack of interest, low motivation, and anxiety about technology use. Specific problems in computer use include difficulties in reading text on the screen, selecting targets and perceiving icons and toolbars, hearing auditory prompts, clicking and dragging using a mouse, and finding relevant information in confusing and complex programs (Newell, 2011). All of these factors also depend on socioeconomic background because it influences computer experience. The functional limitations of this group are not the same as those of younger individuals who have disabilities. Disabilities associated with aging include visual (acuity, color sensitivity, and ocular motor control), visual search and identification of targets, manual dexterity, hearing (high frequencies blocking out noise), cognitive functioning, and requirements for mobility and stability (use of a walker, avoiding long periods of standing) (Newell, 2011).

Once online, factors of Internet use come into play. Digital skills decline with age and differ by gender. Vicente and López found that online patterns of use compared with users without disabilities showed no difference. Previous studies had indicated lower e-commerce, educational use, information retrieval, and email use for people with disabilities and elderly adults. This study indicates that the situation is changing, and more people with disabilities and older individuals are increasingly finding use of the Internet to be useful and accessible.

A 2004 study of use of cell phones by elders with disabilities revealed that 60% valued their cell phones, one third used their phones daily, and a large percentage (87%) used their phones for emergencies (Mann et al., 2004). Participants were also asked for suggestions for improving phone design. The size of the buttons was a concern for 50% of the participants. Fewer (20%–30%) suggested that the size of the display and overall size of the phone be increased and that the complexity be decreased.

Because some markets (e.g., mobile phones) are very volatile with competition driving almost constant innovation and change, devices with accessible futures built in tend to become obsolete quickly and disappear (Pedlow, Kasnitz, & Shuttleworth, 2010). Although many of the features required by seniors (including those with disabilities) are available in mainstream cell phones, they are not often all available in the same phone but rather are spread across several different manufacturers and may be difficult to access on mobile handset menus. It can also be difficult to find information about accessible features in descriptions of technical specifications.
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FIGURE 2-1 Seniors have varying responses to mainstream technology from total acceptance and success of use to confusion and distrust. A: Some seniors embrace mobile phones enthusiastically. B: Technologies like tablets can keep grandparents in touch with grandchildren. C: Technologies also differ by generation -a book for grandpa, a tablet for grandson. D: Even kitchen appliances are becoming smarter providing a challenge for some seniors to keep up, E: Entertainment is no longer just a clicker and a TV, with hundreds of channels streaming movies, new formats for music and video things are changing constantly and seniors long for the simpler times.



Meeting the Needs of Individuals with Intellectual Disabilities

With the proliferation of mainstream applications, there is increased interest in meeting the needs of people with intellectual or cognitive disabilities using these devices. Cognitive ATs, some based on mainstream applications, have become more widespread (see Chapter 15). However, for many individuals with intellectual disabilities, access to mainstream mobile technologies is limited because of deficits in literacy or numerical comprehension and inherent features of the technology such as shrinking size and escalating complexity in features (Stock, Davies, Wehmeyer, & Palmer, 2008).


Stock et al. (2008) developed a multimedia cell phone with accessibility and universal design features specifically for people with intellectual disabilities. A comparison of this specially designed phone with a standard cell phone was carried out by 22 individuals with intellectual disabilities. Participants required significantly less assistance and made significantly fewer errors using the specially designed multimedia phone compared with the mainstream cell phone. Stock et al. (2008) concluded that a usability focus and the potential to use universal design principles could increase the benefits of mobile technology use for individuals with intellectual disabilities.

Because some smart phone technology operating systems are more open to application developers (e.g., Android-based devices), it is possible to develop personalized ATs based on individualized user profiles (Lewis, Sullivan, & Hoehl, 2009). Personalized profiles, possibly with features downloaded from the cloud as needed and integrated with sensors such as cameras and GPS receivers and internal features such as phone and calendar, can support a range of activities for individuals with intellectual disabilities. These features could support reminders of activities on specific days or specific times or provide navigation assistance via GPS location and a second key feature, spoken presentation of information. Lewis et al. (2009) also describe the need for applications to be useable on different manufacturers’ phones, referred to as cross-platform software support. Specific benefits of cloud-based information include user preferences stored in the cloud and downloaded to any device being used, the availability of audio presentation of data across applications, and providing access to definitions of unfamiliar words (Lewis & Ward, 2011). Applications such as these are discussed further in Chapter 15.

Addressing a Global Need

“An estimated 80 per cent of all people with disabilities in the world live in rural areas of developing countries and have limited or no access to services they need” (International Labor Office, 2007, p. 1). ATs are available to meet the needs of people with disabilities, especially in the developed world. However, because these devices are very expensive, much of the world cannot acquire AT. Because it is less expensive, there is a need to use mainstream technology to meet the needs of people with disabilities through apps that function like AT devices.

Mainstream technology is globally pervasive, and its capability, especially for ICTs, is constantly increasing. (see Figure 2-2) However, much of this technology is not accessible to individuals with disabilities. Advances in technologies that are not accessible to those with disabilities can increase the gap in available resources for work, school, and community living between people who have disabilities and those who do not. As advances occur more quickly, the gap widens faster, and the people who are poor or disabled lose out even more completely and quickly. This is a characteristic of cultural and societal “progress” over centuries—technology drives change and creates both positive and negative outcomes in the process (Wright, 2004).

Primarily because of cost and the availability of suppliers, much of the world has not had access to ATs. There have been some efforts to produce products, primarily wheelchairs, using local materials and local craftspeople (Armstrong et al., 2008). Although these efforts have been locally successful in some regions, there are many types of ATs, primarily those based on computer technology, that have not been available to much of the world’s population. Computer-based AT includes computer access, environmental control, cognitive ATs, and augmentative communication.

Similar to smart phones and tablets, ICTs have the capability of running AT applications previously requiring laptop or desktop computers (International Telecommunication Union [ITU], 2011). Among the thousands of applications (“apps”) developed for these devices, many are directly related to addressing the needs of people with disabilities. Many more can be of benefit to people with disabilities even though they were developed for the general population. There is also recognition that ICTs can be a critical enabler to developing countries that are moving toward an information-based society. They can also provide access to society (work, family, leisure) for persons with disabilities.

Achieving widespread global availability of AT applications at an affordable local price will have to be based on mainstream devices (Emiliani et al., 2011). The largest area of growth internationally is mobile broadband Internet access, and some countries advanced between 2008 and 2010 (ITU, 2011). “Wireless-broadband access, including prepaid mobile broadband, is mushrooming in developing countries and Internet users are shifting more and more from fixed to wireless connections and devices” (p. 1). This is good news for the global application of ATs based on smart phones and tablets. However, the cost of these technologies is still too high in many developing countries, and there is a need to develop more affordable devices (ITU, 2011).

The ITU, the United Nations’ specialized agency for information and communication technologies, provides an annual overview of the world’s use of ICTs (ITU, 2012). The ITU has developed the ICT Development Index (IDI) that compiles 11 indicators of development in communication and technology within a country, divided into access (40%), use (40%; percentage of use of the Internet, broadband, and fixed or wired ICT), and skills (20%; based on literacy and enrollment in secondary and postsecondary education). The IDI allows a more detailed look at ICT development than measures based strictly on the number of cell phones or computers.

All of the subindices for developing countries increased between 2008 and 2011. The ITU (2012) report presents the IDI score and rank for 152 countries broken into four levels based on IDI levels. The two top levels of ICT use, penetration and skills based on the IDI, have 26% of the world’s population, and the lower two levels have 74%. There is still a long way to go before the “digital divide” is narrowed substantially.
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FIGURE 2-2 Use of mainstream technologies in underresourced countries has provided a platform for the development of ATs based on smart phone and tablet applications. A: Cell phone coverage now includes remote areas, B: A farmer’s market is connected via mobile phone, C: Multiple mobile technologies are seen on the streets of under resourced countries, D: It is as likely to see someone walking down the street with phone to their ear in under-resourced countries as it used to be only in the developed world.



Individuals with Complex Needs

Some individuals have multiple disabilities that make design and use of technology more challenging. Medical advances have made it possible to save the lives of infants with significant pre-, peri-, and neonatal problems and of people who sustain significant trauma or insult such as traumatic brain injury or stroke. These individual are often left with impairments in multiple systems—sensory, motor, and cognitive. These multiple impairments compound limitations of activity and participation and make identification and use of AT more complex. The increased complexity of AT may be structural, resulting in additional requirements for positioning, or functionally requiring accommodation for other components such as a ventilator. Increased AT complexity might also be seen in the electronic and control components if multiple AT devices are required such as a combination of power mobility, augmentative communication, and environmental control. For example, a person with a severe disability may use a powered wheelchair controlled by a hand-operated joystick, a communication device controlled by an optical head pointer, and a remote control for TV and other appliances activated by a switch located next to the head. This array of controls and procedures for accessing them can be difficult if there is cognitive limitation as part of the disability.

Because of the increased needs and challenges presented by individuals with complex needs, the cognitive demands of operating the AT might also need to be addressed. An example is a person with a cognitive or visual impairment who may not be able to use a wheelchair independently because of the challenge of accounting for the cognitive or visual impairment when making the recommendation and use of the chair. Likewise, the recommendation of an augmentative communication device for someone with a communication impairment will be complicated by the presence of a vision impairment.



A Functional Framework for Assistive Technologies

The range of technology options that provide functional assistance to individuals with disabilities is growing. Mainstream commercial devices are being used to provide functional assistance that traditionally required specially designed assistive devices. However, specialized ATs are still required in many situations. As we describe below, this combination of technologies is able to meet a continuum of needs. At one extreme are devices that provide some limited assistance or augment the individual’s ability to perform a task. For example, an individual with cerebral palsy may be able to speak, but occasionally his speech may be difficult to understand. In these instances, he may clarify his speech using a letter board to spell out words not understood. Or a person with respiratory problems may be able to ambulate inside her house but, because of low endurance, may require a powered wheelchair to be able to do her grocery shopping independently. Many grocery stores now provide powered carts for individuals who need this type of augmented mobility. At the other extreme are ATs that replace significant amounts of ability to generate functional outcomes. For example, some individuals have no verbal communication ability and may require a device to be able to communicate. Likewise, some individuals are totally dependent on a manual or powered wheelchair for their personal mobility.

Hard and Soft Technologies


Odor (1984) has distinguished between hard technologies and soft technologies. Hard technologies are readily available components that can be purchased and assembled into AT systems. This includes everything from simple mouth sticks to computers and software. The PL 100-407 definition of an AT device applies primarily to hard technologies as we have defined them. The main distinguishing feature of hard technologies is that they are tangible. On the other hand, soft technologies are the human areas of decision making, strategies, training, concept formation, and service delivery as described earlier in this chapter. Soft technologies are generally captured in one of three forms: (1) people, (2) written, and (3) computer (Bailey, 1996). AT services as defined in PL 100-407 are basically soft technologies. These aspects of technology, without which the hard technology cannot be successful, are much harder to obtain because they are highly dependent on human knowledge rather than tangible objects. This knowledge is obtained slowly through formal training, experience, and textbooks such as this one. The development of effective strategies of use also has a major effect on AT system success. Initially, the formulation of these strategies may rely heavily on the knowledge, experience, and ingenuity of the AT practitioner. With growing experience, the AT user originates strategies that facilitate successful device use. The roles of both hard and soft technologies as integral portions of AT systems are discussed in later chapters.

Allocation of Functions

In any human/device system, we can allocate some functions to the human, some to the device, and some to a personal assistant. Bailey (1996) defines several approaches to function allocation that are used in general human factors design. Several of these are applicable to the design of AT systems and are useful when determining how and what type of AT will be beneficial to an individual. The simplest approach is comparison allocation. Here each task to be carried out is assigned completely to the human or the device. The user’s skills define the task that can be assigned to her, and the characteristics of the technology determine which capabilities are assigned to it. For example, a telephone is designed with the assumption that the user can hold the phone, press the buttons to dial, hear the other person, and speak into the telephone. These are all functions assigned to the user. However, if the user cannot perform any of these tasks, the AT must provide an alternative set of tasks. For example, assume that a particular consumer is able to carry out all the functions except holding the phone and dialing. A Bluetooth speaker would avoid the need to hold the handset, and automatic speech recognition (see Chapter 8) could be used for entering numbers and controlling the menus. These constitute the AT component of this system. We often use comparison allocation when matching characteristics of technology to a consumer’s skills.

A second allocation approach is leftover allocation, in which as many functions as possible are assigned to the human, and the device carries out the remainder. In AT system design, this approach is often followed to give the consumer as much natural control over his activities as possible but to provide assistance when needed. For example, some manual wheelchairs are equipped with power assist wheels that amplify the user’s propulsion strokes. Thus, a person who has limited strength and endurance can propel the wheelchair manually, but the power assist wheels augment the person’s abilities.

A third approach is economic allocation, in which the basic consideration is whether it is cheaper to select, train, and pay a personal assistant to do the activity or to design an AT system for this purpose. Often the economic analysis initially favors the personal assistant because the purchase cost of the technology is relatively high. However, if the technology cost is amortized over its useful life, the technological approach may be significantly less expensive because the personal assistant cost (salary) rises over time.
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FIGURE 2-3 HAAT model with assistive technology components: identified.



The final approach is flexible allocation. In this approach, the user can vary his or her degree of participation in the activity based on skills and needs. Whenever possible, we use this approach in AT systems, and we couple the use of the AT system with personal assistant services (PAS). The human and technology components are not fixed in scope; rather, they change based on the specific activities and tasks to be carried out. Initially, the novice user of a cell phone may rely on intuitive skills and only use the most basic features such as dialing each number. As knowledge of the device operation increases and strategies are developed, more advanced features such as contact lists, texting, and others can be used. In this way, more tasks such as remembering numbers are assigned to the device, and the user is free to do other things.

Hard Assistive Technologies

In Chapter 1, we describe the basic structure of an AT system in terms of the four components of the HAAT model: someone (human) doing something (activity) in a specific context using technology as an enabler. Regardless of whether the technology is based on a mainstream device or is specially designed for people with disabilities and whether it is a tangible device (phone, computer, wheelchair) or a software program, we can conceptualize the AT functionality in a systematic way. Figure 2-3 illustrates the elements of the AT component.

The Human/Technology Interface

The boundary between the human user and the AT is called the human/technology interface (HTI). The HTI can play any of several roles in a specific AT system. It can include the means through which the user can control the AT system, the support provided to the user by the system, mounting of components for easy access by the user, and feedback provided to the user of the system regarding the environment (e.g., speech output of a scanned book for a user who is blind) or the operation of the device (e.g., a visual display of the current mode of operation in a power wheelchair, auditory feedback for alarms like low battery). When considering an assistive device for a specific individual, consideration must be made as to whether the user can see information displayed on an HTI, hear auditory output, exert sufficient force and control when manipulation is required, is properly positioned to be able to access the HTI, and has sufficient cognitive abilities to control and interpret information from the HTI.

For electronically controlled ATs (e.g., powered wheelchairs, communication devices), this element (e.g., joystick, keyboard) is the control interface (see Chapter 7). For electronic systems, the HTI may also include other elements. As discussed earlier in this chapter, the typical smart phone HTI has many features common to electronic ATs and requires skills consistent with those needed for those technologies.

As in a smart phone, an HTI provides input via a user display that portrays information to the user. For individuals with low vision (see Chapter 13) and those with hearing loss (see Chapter 14), a visual user display is usually adequate if the size is large enough. For those who are blind, the user display must be converted to either synthesized speech or a Braille display (see Chapter 13).

Reducing the complexity of the HTI can increase access for those with cognitive disabilities and for individuals who are learning to use the device. This suggestion goes against the trend to have more and more features on devices. “More thought should go into simplifying an interface, not always augmenting it” (Pullin, 2009, p. 80). To illustrate this point, Pullin uses the example of a single station radio with the physical appearance of a radio from the 1940s. This radio is usable by individuals who have dementia but intact longer term memory sufficient to remember how to turn it on and off. It is simple to use, just on/off with no tuning to find the station, and it can be used without thought. Unfortunately, “Pressure by consumer markets to compete on the basis of ‘so-called’ features” (Pullin, 2009, p. 69) in both ATs and mainstream products leads to more and more features that are used by fewer and fewer people.

With increasing complexity of mobile technologies, especially in the number of features and functions available, even the “average” user may become confused by the complexity (Hellman, 2007). Older individuals may have less experience with technology and have some limitations in cognitive functioning that make the use of mobile technologies even more challenging. Devices that are too complex are frequently abandoned or not used to their full potential. They take too long to learn, their use is difficult to remember if an individual hast not used them in a while, and many people do not bother to learn how to use all the functions in the first place (Hellman, 2007).


For a mechanical system such as a manual wheelchair, the HTI is the push rims used to drive the chair (see Chapter 10). Mechanical HTIs can also accommodate for differing needs. The diameter of the push rim and its location can change the mechanical advantage for the wheelchair rider. Wheelchair athletes make use of this concept in the design of their chairs. A wheelchair for sprinting will have a mechanism (hand rim diameter, wheel location and size, seat height) that differs from a wheelchair designed for marathons. A wheelchair for basketball will also differ because of the need for quick moves over shorter distances. The diameter of the hand rim tubing also affects use (Medola, Paschoarelli, Silva, Elui, & Fortulan, 2011). A larger diameter hand rim is ergonomically more effective because it distributes pressure across the hand more effectively. Experienced wheelchair users found the ergonomically designed hand rim made propulsion easier and more comfortable. For individuals with partial paralysis, a one-armed drive with a linkage between wheels can be used. Each of these mechanical mechanisms must be related to the needs of the individual user.

Another mechanical interface is hand controls for driving (see Chapter 11). These devices substitute hand function for foot function. Because the upper extremity is not as strong as the lower and the brake and accelerator of the car are designed for the lower extremity, the hand controls must provide a mechanical advantage. They are also designed to fit the hand and to allow use while also steering. This is another HTI but with a very different function than electronic controls.

Another function of the AT HTI is provision of structural support for the user (see Chapter 9). Two important factors are the amount of support required (depends on the individual) and the materials used—for longevity of the HTI and for the comfort and support to the individual. The HTI for seating also includes the interface between the person and the seat and the back of the sitting surface. The design of this interface can play a major role in minimizing acute pressure areas and redistributing overall seated pressure. The choice of materials to meet these criteria is discussed in Chapter 9.

The HTI also needs to position the control interface where it can be easily accessed (see Chapter 7). For mounting of technology (devices, controls, and displays), issues that impact access by the user are important such as flexibility, capability of moving the mounting for transfers in or out of a wheelchair, and stability for continued use (see Chapter 10).

Environmental Sensor

An environmental sensor is a device that can detect energy of various forms. The most common examples in mobile technologies are light sensors (cameras), sound sensors (microphones), motion sensors (accelerometers), and location sensors (GPS receivers). A major use of environmental sensing is in sensory aids for individuals with vision or hearing limitations (see Chapters 13 and 14). In the case of vision loss, the required sensor is a camera that provides an image of text on a page or objects in the environment. The environmental sensor for hearing loss is a microphone that can detect speech and other sounds.

Assistive technology applications make use of individual sensors or combinations of several sensors. An example is the iWalk smart phone app that is a navigation system for low-vision users (Stent, Azenkot, & Stern, 2010). This application combines the built-in GPS capability of the phone with automatic speech recognition and voice output to provide assistance finding and navigating to a destination for users with low vision. The user speaks information about a business destination into the microphone on the phone and the device recognizes the speech and accesses a cloud-based database and determines the user’s current location via GPS. The top 10 possible business locations accessed from the cloud are presented to the user via speech output, and she can select the one to which she wishes to travel. The iWalk program then determines a routing and provides verbal directions to navigate to the desired destination.

Individuals who have cognitive disabilities also need navigation assistance that can be provided by a smart phone with GPS and speech output capability (Boulos, Anastasiou, Bekiaris, & Panou, 2011). The system also includes assistance with emergency calling for people with cognitive disabilities, including elderly adults. In some applications, environmental sensors are used to provide automatic or semiautomatic control of ATs.


Smart wheelchairs are another example of the use of environmental sensors. Defined as “either a standard power wheelchair to which a computer and a collection of [environmental sensors] have been added or a mobile robot base to which a seat has been attached” (Simpson, 2005, p. 424), these devices are useful for wheelchair users who have low vision or a severely restricted visual field, have motor impairments such as excessive tone or tremor, or who have cognitive impairments that limit their ability to navigate a wheelchair safely. Sensors on these wheelchairs are used to guide navigation in a known environment and to avoid collisions. For example, a problem often faced by individuals who have cognitive limitations (e.g., caused by dementia) and need to use a powered wheelchair is the avoidance of obstacles, including other residents. One approach to this problem is to use a “sensor skirt” added to a powered wheelchair to detect obstacles and avoid collisions (Wang, Gorski, Holliday, & Fernie, 2011).

Environmental sensing is also used in monitoring systems designed to aid a user in performing common tasks of daily living by assessing the person’s current physiological state and the state of various utilities throughout the home and providing the user with feedback if he becomes disoriented or confused on a given task (Haigh, Kiff, & Ho, 2006). Sensors can also be used to detect whether an individual has taken medication and inform the caregiver. There are also significant ethics concerns about this type of invasive monitoring that we discuss in Chapter 4.

The Processor or Mechanism

In many AT systems, the input from the HTI must be altered in some way to generate an activity output. For electronic AT applications, we refer to this component as the processor. The processor may be relatively straightforward such as the amplification of sound from a microphone in a hearing aid (see Chapter 14) or very complex such as the control required for the smart wheelchair (see Chapter 10). In all cases, the input signal is received from the user, it is modified in some way by the processor, and then an activity output is generated.


TABLE 2-3

Typical Processor Functions for Electronic AT



	Function Name
	Description
	Examples




	Transformation
	Conversion from one type of energy (e.g., electrical) to another (e.g., mechanical) or visual to auditory or tactile or vice versa
	Braille reader that converts visual information from a camera to tactile information on a Braille display (see Chapter 13)



	Amplification
	Increases the strength of the required mechanical or electrical energy
	Hearing aid (see Chapter 14), screen magnifier (see Chapter 13), power assist wheelchair rims (see Chapter 10)



	Managing information
	Storage and retrieval of data from internal or cloud-based sources
	Vocabulary for augmentative communication (see Chapter 16), configurations for individual users of smart phones (see Chapter 8), stored functions in controller for power wheelchair (see Chapter 10) or for electronic aids for daily living (see Chapter 12), maps or routing information for navigation (see Chapters 13 and 15)



	Configuration
	Loads user profiles that include ideal parameters for a particular user
	Setup for computer access or controller for power wheelchair



	Output
	Generates control signals for activity outputs
	Motor control signals sent to powered wheelchair motors based on an internal controller



	Manipulate data
	Software programs that perform functions necessary to process sensory information and generate appropriate outputs
	Optical character recognition software for screen readers, automatic speech recognition software, and digital processing of speech in a hearing aid to separate speech from noise; powered wheelchair motor speed control based on joystick input









TABLE 2-4

Typical Mechanism Functions for Mechanical Assistive Technologies



	Function Name
	Description
	Examples




	Transformation
	Converts one type of mechanical energy (e.g., translation) to another (rotation) to accommodate for motor abilities
	Lever arms used for manual wheelchair propulsion



	Augmentation
	Increases mechanical advantage
	Relative size of push rim diameter to wheel diameter determines “gearing” like a bicycle hub



	Linkage
	Connects the user action to the desired output
	The internal linkage in a mechanical reacher that converts user grip to reacher end effector grasp








With advances in electronics, much more sophisticated processing can be accomplished. For example, hearing aids can be designed to separate speech from background noise (see Chapter 14). Navigation systems such as iWalk (Stent et al., 2010) use sophisticated processing embedded in software programs. Typical processor functions are listed in Table 2-3. Various combinations of these functions may be found in computers, mobile technologies such as smart phones and tablets, and purpose-built ATs. Increasingly, processor functions receive input information from embedded intelligence (e.g., the cloud) as well as data stored in the device.

Some mechanical AT systems have no need for any processing (e.g., simple aids to daily living). For other mechanical AT systems, there are processor-like functions that we refer to as mechanisms. One definition of a mechanism is “the arrangement of connected parts in a machine” (http://www.thefreedictionary.com/mechanism). The linkages that connect the hand rims on a manual wheelchair to the wheels are an example of an AT mechanism. Another example is the linkage between the gripper and the claw end on a mechanical reacher. Just as for the processor, the mechanism has functions that can aid the user of the AT. Some typical mechanism functions are shown in Table 2-4.

Activity Outputs

As a result of the input by the user through the HTI and the internal processing of relevant information, the AT generates an output that is relevant to the chosen activity. We call this the activity output. Types of activity outputs from the user to the environment are communication (see Chapter 16), mobility (see Chapters 10 and 11), manipulation (see Chapter 12), and cognitive processing (see Chapter 15). The output may be in the form of mechanical energy causing movement (e.g., powered wheelchair motors, motor to lift a spoon in feeding device, motors for a robotic arm) or mechanical pins used to render text in Braille. Alternatively, the output may be in electronic form (e.g., synthetic speech for communication devices or screen readers for the blind, visual images on a screen) or printed (e.g., a map for orientation and mobility assistance in cognitive disability or prompting commands for cognitive assist in task completion). The purpose of these output components is to link human interactions (e.g., pressing a switch) to activity (e.g., moving or speaking) in an assistive or augmentative way.



Soft Assistive Technologies

Assistive technology services are defined in the United States AT law, PL 100-407 as “Any service that directly assists an individual with a disability in the selection, acquisition or use of an AT device.”

The law also includes several specific examples that further clarify this definition. These include (1) evaluating needs and skills for AT; (2) acquiring ATs; (3) selecting, designing, repairing, and fabricating AT systems; (4) coordinating services with other therapies; and (5) training both individuals with disabilities and those working with them to use the technologies effectively. The United Nations Convention on the Rights of Persons with Disabilities (UNCRPD) also specifies access to training in the use of AT as well as access to service delivery and training of professionals to prescribe and support the use of AT.

To account for these aspects of AT services, Odor (1984) called these areas of service delivery soft technologies. Hard technologies are those that we have discussed in the majority of this chapter; they are readily available components that can be purchased and assembled into AT systems. This includes everything from simple mouth sticks to computers and software. The definition of an AT device applies primarily to hard technologies as we have defined them. The main distinguishing feature of hard technologies is that they are tangible. On the other hand, soft technologies are the human areas of decision making, strategies, and concept formation applied to service delivery in proper assessment, system or device selection, and fitting or setup. Training, mentoring, and technical support are ongoing forms of soft technologies. Soft technologies can be provided in a number of forms such as (1) directly through people (e.g., professional providers, family, informal care providers); (2) written manuals, tip sheets, and other documents; or (3) electronic (e.g.. built-in help screens, online help, websites). By labeling these aspects as another technology, they become more tangible. Without these aspects of technology, the full potential benefit of the use of hard technology is limited. Many people do not receive education or training in the use of their devices, so they do not realize the full potential benefit of the AT.

Soft technologies are difficult to acquire because they are highly dependent on human knowledge rather than tangible objects. This knowledge is obtained slowly through formal training, experience, and textbooks such as this one. The development of effective strategies of use also has a major effect on AT system success. Initially, the formulation of these strategies may rely heavily on the knowledge, experience, and ingenuity of the AT practitioner. With growing experience, the AT user originates strategies that facilitate successful device use. For example, Norman (2002) found that people tend to blame themselves for errors in a system and fail to report a system failure because they think it is their fault. In AT applications, this is the direct result of inadequate soft technologies.

A major area of soft technology application is the fitting of assistive devices to meet the needs of individual users. For example, current wheelchairs (see Chapter 10) are often multifunctional, with a number of components on the wheelchair being adjustable. Some adjustments and settings are made in the factory before shipping, but typically the provider of the wheelchair will need to make modifications to fit the chair to the user after it arrives from the factory. Adjustments to the wheelchair that can make a difference in user comfort, safety, and performance include axle position, wheel chamber, and wheel alignment.

Another major form of soft technology is training of the user to successfully use the hard technology. Effective use of a wheelchair requires a systematic training program (see Chapter 10). In some cases, this soft technology is available as a program. One well-researched training program is the Wheelchair Skills Program (Kirby, 2005), which is available from http://www.wheelchairskillsprogram.ca. The program teaches wheelchair users basic use of a wheelchair, such as applying and releasing the brakes, removing footrests, and folding the chair. It teaches basic propulsion such as rolling forward and backward and turning and maneuvering through doorways. More advanced skills include propulsion on an incline, level changes, performance of a wheelie, and various wheelie skills.

To overcome the challenges of lack of access to mobile phones and use of features by individuals with disabilities and seniors, thoughtfully developed and implemented training programs are required. In one study of individuals age 14 to 80 years learning cell phone functions, the importance of soft technologies was underlined. The training began with a matching of the user’s motor, sensory, and cognitive skills to a cell phone type. The basic features were taught until they were understood. Advanced features (e.g., speed dialing, SMS texting, storage and retrieval of numbers) were taught in subsequent sessions. An ABA pre-post evaluation was conducted. “The successful outcomes obtained required knowledge of all of the features on the available phones, a careful assessment of the participant’s needs and comprehensive user training, both initially and when requested” (Nguyen, Garrett, Downing, Walker, & Hobbs, 2007, p. 90).


Pedlow et al. (2010) provided a cell phone, airtime, and individual support to seniors from 66 to 90 years of age who had a variety of impairments. The 1-month trial identified barriers that included a realization that this group is “deterred from cell phone use as much by the confusing structure of the industry as by the lack of certain handset features” (p. 147). Pedlow et al. concluded that availability of what we are calling soft technology supports can make a difference, but the specific kinds of support needed and how best to deliver it has not been determined.

One of the major types of soft technologies is assessment to determine the specific needs of an individual and to match ATs to those needs. We discuss general characteristics of this process in Chapter 5 and factors related to specific types of ATs in subsequent chapters. Ineffective or inappropriate assessment can have significant impacts for disabled consumers. For example, the choice of a seating system to ensure tissue integrity requires expertise in seated pressure management, biomechanical principles, and clinical insight (see Chapter 9). No matter how good the hard technology (e.g., a pressure redistribution cushion) is, errors in the soft technology areas of assessment, fitting, and training (e.g., pressure redistribution strategies) can result in skin breakdown with loss of work, possible hospitalization, and other significant impacts.

Assistive technologies for vision may serve either reading or mobility (see Chapter 13). Errors in assessment and training for a reading application may result in loss of information for the user. Although this is a significant factor, it is not the same as the possible impact of errors in mobility that could result in failure to detect a drop off or a street crossing resulting in injury or death. That is why there is an entire soft technology discipline devoted to orientation and mobility training for individuals with significant visual limitations.

Technology Options for Meeting the Needs of Individuals Who Have Disabilities

Technologies that assist individuals who have disabilities can come from two main sources, mainstream or products designed specifically for individuals with disabilities. Mainstream off-the-shelf products, including those with universal design principles incorporated, can often meet the needs of individuals who have a wide range of disabilities. The greater the diversity of the people who are to have access to technologies, the more complex the technology is likely to become. Figure 2-4 illustrates some of the design features that can impact usability of technologies by persons with disabilities. All of the technology options can be considered functionally within the AT framework presented in the previous section.

The Virtue of Simplicity

Sometimes clinicians focus on the AT and prescribe devices with the laudable aim of enabling function. What is often forgotten is that people have different tolerances for complexity of devices and varying beliefs regarding the utility of technology. These aspects need to be factored in when making AT recommendations. There is a term that originated in prosthetics called gadget tolerance. What this means is the degree to which an individual can tolerate complexity in technology. For AT, it also means the amount of “stuff” that can be in and around a person’s personal space and still be comfortable. For example, a person faced with multiple controls for several devices, including a powered wheelchair (hand-operated joystick), a communication device (optical head pointer), and an entertainment remote control (activated by a switch located next to the head) may be overwhelmed, but other individuals actually enjoy the complexity of control.

We value simplicity because of the complexity of the world in general. “Fitness for purpose not only implies that something does what it needs to do well, but also that it is not compromised by doing more than it has to” (Pullin, 2009, p. 67). For example, seniors often do not use phone features that would help them because they find them difficult to understand (Nguyen et al., 2007). One approach to decreasing complexity is to limit operation to only basic functions initially and then add additional features as needed (Leung, Findlater, McGranere, Graf, & Yang, 2010). Another option is to build “senior-friendly” phones that have larger buttons; fewer, more intuitive functions; and larger screens (Pedlow et al., 2010). A number of these are available in Europe, North America, and Japanese markets. The downside of these applications is that they can stigmatize seniors as being less functional because they require “special” technologies.

Complementary Approaches

Mainstream design is increasing the ways it can meet the needs of a range of people by broadening the concept of user-centered design from physical ergonomics to include cultural diversity and individual identity (Pullin, 2009). But ATs that are designed for narrow populations are generally more expensive and have fewer capabilities than mainstream technologies. The dilemma of a specialized design that meets the needs of a few versus a more general design that meets the needs of many but not all and often increases complexity in doing so has been approached from a different point of view by Pullin (2009, p. 92).

I would like to propose the term resonant design for a design intended to address the needs of some people with a particular disability and other people without that disability but perhaps finding themselves in particular circumstances. So this is neither design just for able-bodied people nor design for the whole population; nor even does it assume that everyone with a particular disability will have the same needs. It is something between these extremes, not as a compromise, but as a fundamental aspiration.


Pullin is saying that specialized features may be of interest to individuals who are not disabled as well as those who are. This approach recognizes that disability is not a constant state of being but is dynamic and changing under environmental, physiological, or social conditions for each of us. Within any context, our abilities change depending on our state of mind, the activity, and all of the other environmental and human characteristics. Pullin (2009) cites the example of an “urban mobility cape,” a garment that could be used by wheelchair riders, cyclists, and scooter riders to protect them from rain. The design of such an item would be driven by the need for protection from the weather, not by whether the person had a disability or not or for that matter whether the person used a wheelchair, bicycle, or scooter. “Ergonomically designed” food preparation utensils such as can openers, slicers, peelers, and large-button microwave oven panels make cooking easier for all of us, but they are of particular value to individuals with limited hand strength or fine motor control because of disability or aging. Resonant design addresses needs and functional abilities, not compensation for disability as in ATs or meeting everyone’s needs as in universal design.

For electronic ATs (e.g., augmentative communication, computer access, appliance control, sensory aids, cognitive ATs), inclusion of the principles of universal design together with the incorporation of accessibility features in mainstream products has opened new opportunities for people with disabilities. However, universal design does not completely eliminate the need for ATs because the variety and complexity of individual needs are too great for inclusion in a single product (Emiliani, 2006). For these AT application areas, two complementary approaches—universal design and specialized ATs—are required (Emiliani et al., 2011). Both approaches require the use of mainstream technologies because low-cost AT depends on the use of mainstream products that have useful AT application features. Mainstream products are likely to be more accessible to people with disabilities even if they are not specifically designed with those individuals in mind, that is, using universal design principles (Emiliani et al., 2011).
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FIGURE 2-4 The variety of design approaches that can help or hinder applications for individuals with disabilities include overall size (A and B) and the degree of complexity of controls (C and D).



The result of the combination of mainstream and specialized technologies is a much broader range of available options. Figure 2-5 illustrates this concept. Each row represents a level of adaptation in technology to more closely meet individual needs. Each column represents the degree to which the technology focuses specifically on disability applications. The first column, mainstream commercial products, has no specific focus on disability but may have universal design features. This column also includes mainstream application software (apps) for mobile technologies such as smart phones and tablet computers. The middle column describes software applications that are specifically developed to meet the needs of people with disabilities. These applications may be in the form of a computer program that runs on notebook computers, apps for tablet or smart phone technologies, or applications that are embedded in the environment (i.e., cloud applications) (Emiliani et al., 2011).

Commercially Available Mainstream Products

Using technologies to meet the needs of persons with disabilities can be seen from two different perspectives, the AT perspective and universal design. The first row of Figure 2-5 describes commercially available mainstream products that can be purchased for use directly by an individual with a disability without any additional modifications. Commercially available refers to devices that are mass produced and available off the shelf. These include commercial devices designed for the general population (standard commercially available devices) and commercially available AT devices that are mass produced for individuals with disabilities. The entries shown in Figure 2-5 illustrate the diversity of mainstream products that have features that make them usable by a range of people with disabilities.

Features That Make Off-the-Shelf Products Useful for Persons with Disabilities

The AT portion of the HAAT models that we described earlier in this chapter provides a framework for looking at useful features of mainstream products. The degree to which mainstream products meet the characteristics described for the ATs, the more likely they will be useful for people with disabilities. Figure 2-6 shows examples of mainstream technology advances that benefit people who have disabilities.

The operating systems of personal computers all include accessibility features that help with text entry by providing keyboard and mouse alternatives (see Chapter 8); aid visual access by magnification, voice output, and contrast options (see Chapter 13); and provide alternatives to auditory information (e.g., alerts) for individuals with hearing difficulties (see Chapter 14). Because these accessibility characteristics are included as premarket features, they do not increase the cost of the product for people with special needs.


Modern automobiles have standard features that make them more functional for people with disabilities (see Chapter 11). The principles of universal design can be applied to vehicle design (Polgar, Shaw, & Vrkljan, 2005). In particular, there are visual, cognitive, and physical considerations. Visually, the driver must be able to clearly see hazards in front, beside, and behind the vehicle. This means that windows and mirrors must be large enough and located properly to enable good sightlines and minimize blind spots. An example of an advanced feature in modern vehicles is a blind spot warning system to notify a driver that there is an object (vehicle) in the driver’s blind spot (Wu, Kao, Li, & Tsai, 2012). It is particularly useful for individuals with limited peripheral vision or those who have difficulty turning their head to check for hazards.


Devices for activities of daily living (ADLs) are items used in food preparation and consumption, self-care products (e.g., hair care, washing), and similar items. Swann (2007), an occupational therapist, points out that many daily living products such as suction nail brushes, nonslip matting, water temperature detectors, swivel-bladed vegetable peelers, and long-handled dustpans and brushes were once thought of as assistive devices but are now available in supermarkets and pharmacies. Often these items have enlarged handles for grasping, designs that require less force to operate, or nonslip grips. While making use easier for everyone, they are of particular benefit to individuals with limited fine motor control or hand strength or reach (e.g., a long-handled hair brush or shoe horn). Most people have items at home that began as assistive devices.


User-friendly websites are accessible to everyone, including those with motor, sensory, or cognitive disabilities. The World Wide Web Consortium Web Accessibility Initiative (W3C WAI; http://www.w3.org/WAI) develops guidelines that serve as the international standard for web accessibility. Their support materials include special considerations for specific disabilities and for aging individuals. The WAI also provides information for evaluating websites for accessibility, guidelines for developing accessible websites, and many documents aimed at making the web as accessible to everyone as possible.

The characteristics of mainstream smart phones equipped with a variety of sensors and a GPS antenna provide opportunities to create capabilities equivalent to special purpose AT (Doughty, 2011). Features of smart phones and capabilities of operating systems vary by manufacturer. Limitations of this approach include flexibility of the user interface (see Chapter 8), uniform mobile coverage across rural and urban regions and countries, and increasing power demands because apps use more phone resources and sensors and are used for longer periods of time in AT applications than standard shorter interactions typical of voice or text messaging (Doughty, 2011).
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FIGURE 2-5 The range of technology options available to meet the need of individuals who have disabilities. See text. Entries are examples in each of the major categories.



Modified or Adapted Mainstream Commercial Technology

The middle row of Figure 2-5 describes specific modifications to the items in the first row to allow them to meet the needs of people with disabilities whose abilities do not match the functional requirements of the basic commercial products in the first row. Sanford (2012) argues that whereas specialized design increases the function of design for individuals or groups of individuals by allowing the person to adapt to everyday design, universal design (embodied in the first row in Figure 2-5) aims to increase functionality of everyday design for everyone. The reason that specialized designs exists is that universal design is not completely universal. There will always be individuals who fall outside of the broad design parameters of universal design. Fortunately, the scope of universally designed products continues to broaden, and more and more individuals are able to take advantage of more usable products. For the foreseeable future, the middle row of Figure 2-5 will be required, and as we have pointed out, more and more advances in ATs will find their way into the mainstream, contributing to the achievement of the principles of universal design in mainstream products. The device modifications in the middle row of Figure 2-5 are sometimes called specialized design.

Some persons may be able to select individual keys directly, but they may occasionally miss the desired key and enter the wrong key. An example of an adaptation to a standard keyboard is for individuals who have difficulty in accurately targeting and activating keys is a key guard placed over the keyboard that helps by isolating each key and guiding the person’s movement. A key guard is also useful for individuals who produce a lot of extraneous movement each time they bring their hands off the keyboard in their attempt to target a new key. Key guards are commercially available for common computer keyboards (see Chapter 7).


Modified ADLs for food preparations include one-handed holders for can and jar opening, brushes with suction cups for one-handed scrubbing of vegetables, bowls with suction cup bottoms for stability while stirring with one hand, bowl and pan holders (some of which tilt for pouring), and cutting boards that stabilize food during cutting. Modified handles are available for knives and serving spoons, as well as for other utensils. Modifications to plates include suction cups for stability, enlarged rims that make it easier to scoop food onto a utensil, and removable rims that attach to any plate. Drinking aids include cups with caps and “snorkel” lids through which fluid can be sucked, nose cutouts that allow drinking to occur without tipping the head back, double-handled cups for two-handed use, and cups modified at the bottom with a quad grasp to allow lifting and tipping with limited hand function (see Chapter 12).
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FIGURE 2-6 Advances in mainstream technologies that make them more useable by individuals with disabilities of all ages include information and communication technologies, appliances, and automobiles. A: Automobile are adapted to accommodate wheelchairs, B: There are many more options for all types of mobile technologies like cell phones, C: Home appliances are “smarter” and require less physical ability to use, D: Mobile devices like tablets are becoming more and more user friendly to accommodative a range of cognitive abilities, E: Mainstream automobiles are also smarter with more options that help individuals with dishabilles.



Adaptations to the standard automobile may be necessary for individuals who have lower extremity weakness or paralysis. Hand controls for accelerators and brakes consist of a mechanical linkage connected to each pedal, a control handle, and associated connecting hardware (see Chapter 11). The driver activates the brakes by pushing on a lever in a direction directly away from him parallel to the steering column. Acceleration is accomplished by pulling back on the control, rotating it, or pulling downward at a right angle to the steering column. The weight of the user’s hand is sufficient to maintain a constant velocity.

Despite the continuing developments in mainstream computer and mobile technologies, there are still challenges for use by individuals who have motor disabilities. One approach, called Tecla (http://komodoopenlab.com/tecla),provides adapted mobility technology input by creating an alternative access interface for mobile technologies that also links to all the available apps. The Tecla shield allows an individual to use her standard AT interface (e.g., wheelchair joystick or single switches) to control either an iOS (iPhone, iPod Touch, or iPad) or Android device. This and similar devices are discussed further in Chapter 8.


Commercially Available Software Applications (“Apps”) That Assist People with Disabilities

Assistive Technology Software Applications for Standard Hardware

The middle column of Figure 2-5 describes software applications that enable AT applications for mainstream technologies. Included in this category are applications for desktop and laptop computers, smart phones, and tablets. This area is expanding quickly with tablets, smart phones, and other platforms in addition to laptop computers. Commercial versions of these programs have traditionally been available thorough specific manufacturers. Programs written to convert standard computers into augmentative communication systems have been in existence for more than 25 years. More recently, the availability of more sophisticated mobile technologies (smart phones and tablets) has resulted in an explosion of “apps,” which are application programs that perform some augmentative communication functions (see Chapter 16) (Gosnell, Costello, & Shane, 2011). For the past 10 years or so, there have been applications on personal digital assistants (PDAs) for individuals who have cognitive limitations. Many of these are now available as cognitive assist apps (Stock et al., 2008). Because most mobile technologies now include GPS capability, embedded systems can also support navigation assistance for individuals who are blind (Angin & Bhargava, 2011) or those with cognitive limitations such as dementia (Boulos et al., 2011). Smart phone apps can also provide easier access for elderly users (Olwal, Lachanas, & Zacharouli, 2011). Applications designed to meet the needs of specific populations are discussed in subsequent chapters.

The model for delivery of these programs has shifted from independent companies—as in the case of the augmentative communication applications-—to “app stores” that provide access to a large number of downloadable programs (iTunes for the iPhone, iPod, and iPad, http://store.apple.com/ca; https://play.google.com/store for Android-based smart phones). Many apps developed for the general population can be useful to individuals with disabilities. These include productivity, educational, and recreational apps. Some AT manufacturers also supply apps for specific applications. These are described in subsequent chapters. A note of caution to readers: it can be difficult to determine easily if an app will work or not until it is bought and downloaded.

The primary motor and sensory access challenges in this area are those described earlier in relation to access to mainstream technologies by individuals with various disabilities. The cognitive demands of various apps are extremely variable and must be considered before recommending a specific app for an individual with a cognitive disability (see Chapter 16).

The major attraction of these apps and the associated mainstream technology is that they are typically much less expensive than purpose-built ATs, and they can easily be purchased by individuals. This can lead to families buying an app hoping that it will meet their child’s need and then taking it to a clinician to implement it. This process bypasses the typical assessment process based on needs and skills (see Chapter 5). The clinician is faced with the dilemma of either conducting a proper assessment, the outcome of which might a recommendation of the mobile technology and app that the parents have purchased, but assessment might also lead to another choice of AT judged to more appropriately meet the needs of the child. It is not simply a matter of making an app work for a child; rather, it is a case of choosing an app that will most appropriately meet the needs of the child. “Some service providers for people with disabilities have also been reluctant in exploiting the full potential of [mobile technology apps], as their role and incentives is based on having clients come to them for evaluation and fitting of special assistive technologies” (Emiliani et al., 2011, p. 108).

The proliferation of apps also has resulted in a widely variable level of quality. Apps vary in how robust they are, how reliable they are, and how much support is available. Training in the use of an application is not available if the app is downloaded by a family directly. For complex applications such as augmentative communication, training and ongoing support are essential for success (see Chapter 16). Often the need for training and ongoing support is not recognized. Public funding sources (e.g., Medicare in the United States) will often support the purchase of commercially available AT products. The same sources of funding will often refuse to purchase mainstream technologies with equivalent functionality despite a significantly lower cost. They also do not routinely cover the cost of training in the use of the technology. Despite these limitations, there is value in many of the apps if they are truly matched to the needs of the person with a disability. A number of clinicians have worked to develop databases about apps with user information and evaluations. Many of these are discussed in subsequent chapters.

Modified or Adapted Software Application Programs

The vast majority of apps for mobile phones and tablets do not require any additional hardware or adaptation. There are some cases, however, in which the built-in mobile technology capabilities do not meet the individual’s need. One of those is remote controls for audiovisual equipment. These controls are essential elements in electronic aids to daily living (EADLs) (see Chapter 12) because they can be used by individuals with limited mobility or fine motor skills to control appliances. Many home entertainment centers (DVD players, Blu-ray disc players, CD players) use infrared control signals, a feature not found in mobile technologies. There are apps that replace the standard remote, but they all require an additional infrared transmitter to allow sending infrared commands (Kumin, 2010).

Individuals who are blind often make use of electromechanical devices that present Braille characters based on text output for computers (see Chapter 13). These devices are not portable in general and can be very expensive. An alternative is to develop tactile output methods for use with mobile technologies (Rantala et al., 2009). Various approaches to this problem are discussed in Chapter 13.

Individuals who are deaf often use text messaging, but there is also a special format for texting used by these individuals called TTY (see Chapter 14). TTY phones can be cumbersome and not very portable. They also lack many of the features of current smart phones. Zafrulla, Etherton, and Starner (2008) developed an app that emulates TTY on a smart phone. An important feature of this app is that it links to TTY technology installed in all emergency call centers in the United States and elsewhere.

Apps can also reduce the complexity of the smart phone interface for people with cognitive disabilities (Verstockt, Decoo, Van Nieuwenhuyse, De Pauw, & Van De Wall, 2009). The physical interface is made more usable and additional features, such as photo-based GPS and other content management features useful to people with cognitive disabilities and seniors, are added.

Custom- or Specially Designed Software for One or a Few Individuals

In some works settings, it may be necessary to develop a specialized software application to allow a user’s device to interface to the company computer. This is most likely in computer-controlled manufacture ring operations.


Technology Specifically Designed for Persons with Disabilities

When an individual’s needs for technology assistance cannot be met with a mainstream commercial device, we attempt to meet their needs with special devices that are mass produced and specifically designed for persons with disabilities. Examples are shown in the right column of Figure 2-5. Small AT device manufacturers must often develop technically sophisticated products for small disability markets of individuals with complex needs (Bauer & Lane, 2006). They are very familiar with the segment of the disabled population they serve, including reimbursement and distribution issues. However, they often lack the financial and technical resources of mainstream manufacturers. The changing demographics related to aging and disability are making AT markets more attractive to mainstream manufacturers. Collaborative relationships combining the resources of large corporations with the specialized expertise of niche-focused AT companies are developing. This will create the opportunity for new AT products to be developed in shorter timeframes, with broader distribution (Bauer & Lane, 2006).

Commercially Available Assistive Technology Products

When an off-the-shelf mainstream product, including an assistive application program is not available, there are many devices specifically designed to meet the needs of individuals who have disabilities. Examples of these devices are shown in the first row of the right-hand column of Figure 2-5. The major categories of ATs covered in this text are seating and positioning systems (see Chapter 9); adapted human user interface for computer and mobile mainstream technologies (see Chapters 6 to 8); devices that assist upper extremity function for manipulative tasks, including EADLs (see Chapter 11), assisted mobility (personal using walkers, manual and powered wheelchairs) (see Chapter 10) and adaptations for vehicle transportation (see Chapter 11); sensory aids for vision (see Chapter 13) and hearing (see Chapter 14); cognitive ATs (see Chapter 15); and alternative and augmentative communication (see Chapter 16).

Modified or Adapted Assistive Technology

Although ATs meet the needs of a wide range of individuals, some require additional adaptations to make the AT effective for them. Several examples are listed in Figure 2-5.

Individuals who use a manual wheelchair can develop shoulder pain. One option for individuals with shoulder pain that limits their ability to propel a manual wheelchair but for whom an electrically powered wheelchair is not desirable is push rim-activated power-assist wheels (see Chapter 10). These wheels are interchanged with those of a manual wheelchair. A motor is located in the hub of the rear wheels that is linked to the hand rims (Algood, Cooper, Fitzgerald, Cooper, & Boninger, 2005). The power-assist wheels supply power to the manual wheelchair as needed by the user. When the user applies force above a preset level to the hand rims, such as when going up an incline, the motors engage and help to propel the wheelchair.

In some cases, a simple lap belt or other similar accessory does not provide sufficient stability in a seating system. A rigid pelvic positioning device, also called a sub-ASIS bar, is typically a close-fitting, padded metal bar that is attached to the wheelchair frame or seat insert to position the pelvis below the individual’s ASIS (see Chapter 9). It is designed to be used in conjunction with a complete seat and back system for individuals who require greater control to maintain the neutral position of the pelvis and to prevent pelvic rotation.

Some individuals require an individualized setup for computer access. This may be a typing stick or splint or mouth stick for typing (de Jonge, Sheerer, & Rodger, 2007) (see Chapter 7). Other possible adaptations are adjustment of the height of the workstation to accommodate a wheelchair, positioning of the keyboard or mouse for access, and use of alternatives to the mouse or keyboard. These are discussed in Chapters 7 and 8.

Another important difference between modified or custom devices and commercial devices is the level of technical support that is available with each. A commercially produced device generally has written documentation and online operating manuals and help screens available. Although the quality of these written materials varies widely, some documentation is better than none, and modified or custom devices often have none. The manufacturer or supplier of commercial equipment provides technical support and repair. Because modified or custom devices are one of a kind, technical support may be hard to obtain, especially if the original designer and builder is no longer available (e.g., if the user moves to a new area).


Custom- or Specially Designed Devices for One or a Few Individuals

There are also cases in which neither commercial mainstream or AT products nor specialized designs will meet the needs of an individual person with a disability. This approach results in a custom device. The bottom row of Figure 2-5 lists examples of custom AT software or hardware devices that might be developed for one individual.

When an individual has significant seating needs (e.g., fixed deformities, contractures, or other musculoskeletal problems), it may not be possible to position him using a standard contoured seating system (see Chapter 9). In these cases, a custom contoured seating system may be used. This system provides the greatest amount of body contact and therefore the most support because it is custom contoured to the individual’s body. These cushions are much more costly to make, and they take longer to obtain. The need for these cushions is diminishing with the development of back components of seating systems that can be adjusted to meet the posture needs of the user.

The use of ATs for job accommodation is typically individualized because it is dependent on the functional level of the individual’s impairment and the specific nature of the job task(s) (Zolna, Sanford, Sabata, & Goldthwaite, 2007). For mild to moderate impairments, common mainstream technologies (e.g., letter-folding machines, electric staplers, adaptive keyboards, telephone, headsets, material lifts, ergonomically designed tools and chairs, and anti-fatigue mats) are readily available. For workers who have cognitive disabilities, weighing and counting tasks in manufacturing and assembly can be difficult. One approach is to use a talking scale connected to a controller that provides prompting and feedback as necessary (Erlandson & Stant, 1998). For counting tasks, a bin that holds just the right number of items is weighed. If the bin is properly filled, the weight is correct, and the user is prompted to proceed with the next step. If the weight is too low, the user is told to add to the bin, and if it is too high, the user is prompted to be sure it is not overfilled. Erlandson and Stant (1998) describe the successful use of this system in a nail counting task for a construction supply company by a woman with a mild intellectual disability.




Summary

The technology options available to clinicians to use in meeting the needs of persons with disabilities have dramatically expanded in recent years. The increase in functionality of mainstream mobile technologies (e.g., smart phones, tablets) has opened up possibilities for meeting the needs of a greater portion of the global disability community through the development of application software. The continued development of universal design is resulting in more and more mainstream products usable by persons with disabilities. Together with the continued availability and improvement in specialized ATs, the opportunities for meeting the needs of persons with disabilities through technology are greater than ever before.



Study Questions


1. As we describe, technologies are changing rapidly. Explain both the advantages and the risks this has for people with disabilities.


2. Look at Table 2-1. Pick three of these AT applications to mainstream technologies that you use every day and tell someone that they came from assistive technologies. What reaction did you get?


3. Universal design (design for all) has many advantages, especially for the built environment. However, there are also costs of universal design that limit its effectiveness in some situations. Describe both the advantages and limitations of universal design.


4. What is the most fundamental difference between universal design and the design of specialized assistive technologies?


5. What do we mean by the terms “affordances” and “constraints” when describing the use of everyday objects?


6. List three reasons that older people might require assistive technologies.


7. How do the needs of older individuals affect the design, delivery, and support of assistive technologies?


8. What is meant by the term “the digital divide?”


9. What factors are important in reducing the “digital divide” between developed and underresourced countries? How can people who have disabilities be included as this divide is narrowed?


10. Distinguish between hard and soft technologies.


11. What is meant by the term “function allocation,” and how is it applied to AT systems?


12. What are the major approaches to function allocation? What are the strengths and weaknesses of each approach when used in AT system design?


13. What are the four components of the AT portion of the HAAT model?



14. Describe the key elements of the human technology interface for:


a. Electronic assistive technologies


b. Assistive technologies that provide support


c. Mechanical assistive technologies






15. List three types of environmental sensors used for different AT applications.


16. What is the function of the processor or mechanical mechanism in an assistive device?


17. List three types of soft technologies.




18. What is meant by resonant design, and how does it differ from universal design?


19. Refer to Figure 2-5. Distinguish between specific purpose and general purpose technologies.


20. What are the two main sources of technologies that can assist individuals with disabilities?


21. What is meant by the term “the virtue of simplicity?”


22. Refer to Figure 2-5. Why does the cost of technology increase from left to right in the figure when the actual number of functions is often less going from left to right in the figure?


23. Can you think of technologies that you use regularly that have features that might make them useful to people with disabilities? What are the features, and who might they help?


24. Pick a particular disability and a need that a person with that disability might have and find two or three phone or tablet apps that would be useful.


25. What is a “jig,” and how is it useful to people who have intellectual disabilities?
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Learning Objectives


On completing this chapter, you will be able to do the following:

1. Identify and describe the components of the HAAT model.


2. Discuss how each individual component of the HAAT model affects assistive technology (AT) design, use, and service delivery.


3. Discuss how the individual components interact to affect AT design, use, and service delivery.


4. Identify major performance areas for which AT is used.


5. Describe the contexts in which AT is used.
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Introduction

This chapter describes the activity, human, and context elements of the Human Activity Assistive Technology (HAAT) model. The previous chapter introduced key concepts related to assistive technology (AT). As stated in Chapter 1, the HAAT model describes a human doing something in a context using AT. In this chapter, we deconstruct the elements of the human, the activity, and the context to understand their individual influence on the design, assessment and evaluation, and use of AT. However, as you can see from Figure 3-1, the HAAT model is depicted as an integration of the human, activity, and AT, nested in the context. Consequently, the chapter concludes with a reconstruction of the model elements to describe and understand the transactional nature of their mutual influence on doing and their collective influence on AT. Although it is possible to discuss each element in isolation, it is only in uncovering their connections that the complexity of the place of AT in a person’s life is revealed.

The order in which the HAAT elements are presented is deliberate. Whether applying the HAAT to device design, assessment resulting in AT recommendation, or outcome evaluation, the order of consideration and integration of the HAAT elements is consistent. The activity or need is identified first followed by the aspects of the human that affect the ability to perform and engage in the activity. The contextual influences that affect the human’s performance of that activity are then considered. The AT design and recommendation come last, signifying technology’s place to enable activity participation and engagement.

Activity

Classifications of Activity

International Classification of Functioning, Disability and Impairment

The International Classification of Functioning, Disability and Impairment (ICF) (World Health Organization [WHO], 2001) is a well-known system for coding and classifying elements of the person, activity, and environment that influence health. The activities and participation components are useful for identification and organization of activities that a person needs or wants to do. Furthermore, the ICF provides a common language for communication around these activities.

[image: image]
FIGURE 3-1 The Human Activity Assistive Technology (HAAT) model.



The ICF defines activities as: “the execution of a task or action by an individual” (WHO, 2001, p. 10) and participation as “involvement in a life situation” (WHO, 2001, p. 10). In addition to the identification of different domains of activities and participation, the ICF includes two types of qualifiers that assist the characterization of the person’s involvement in the activity and participation domains: performance describes what the person actual does, and capacity describes the person’s potential optimal performance given favorable and supportive circumstances.

The major ICF activity and performance domains include:

• Learning and applying knowledge


• General tasks and demands


• Communication


• Mobility


• Self-care


• Domestic life


• Interpersonal interactions and relationships


• Major life areas


• Community, social, and civic life


Each of the domains and subdomains is defined to provide a consistent understanding, which is intended to make the ICF transferable across professions, organizations, and cultures. Table 3-1 provides examples of subdomains in each of these areas.

Occupational Therapy Classifications

Occupational therapists also classify activity or occupation into areas of self-care, productivity, and leisure. Other professional groups have also adapted the use of these categories. Typically, self-care occupations include activities of daily living (ADLs) and instrumental ADLs; productivity includes occupations at work, school, or in nonpaid activities that contribute to society; and leisure are activities done for recreation (American Occupational Therapy Association [AOTA], 2002; Townsend & Polatajko, 2002, 2013).

The HAAT model includes four activity output areas to organize our discussion of AT in this book: communication, cognitive abilities, manipulation, and mobility. Table 3-2 compares the HAAT classification of activities with selected domains and subdomains of the ICF. Figure 3-2 shows the HAAT model with the elements of the activity component identified.


Activity Analysis


Activity analysis has been a foundational skill of occupational therapists for decades. It is complementary to methods used by human factors engineers in analysis of tasks, hierarchical task analysis being one example (Fisk et al., 2009; Stanton, 2006). These methods of analysis begin with a deconstruction of the activity to understand the different steps necessary to complete it. A hierarchical task analysis may produce a flow chart that depicts the process of doing an activity, showing different paths resulting from different choices made. An occupational therapy activity analysis provides a narrative of these steps.

Additional background information includes listing the materials and equipment that are used to do the activity, describing the context in which it is completed and who is doing the activity. The occupational therapy analysis proceeds into describing the different performance components (e.g., cognitive, physical, sensory, perceptual, communicative, and affective) that are used to perform each step of the activity. These analyses are useful for two main purposes: (1) understanding the performance of an activity generally (i.e., detailing the performance process) and (2) understanding how a specific individual or group of individuals completes an activity.

An analysis is useful in the process of determining appropriate AT as it assists the clinician to determine the skills and abilities possessed by the client to complete the task and those that require supplementation or replacement by AT for successful performance. This process is time consuming, so it is recognized that activity analysis as presented here is rarely completed for a single activity in practice. However, possessing a framework for such an analysis of a single activity supports the clinician during the assessment and evaluation processes to understand the activities in which the client needs and wishes to engage and the skills and abilities that are required for successful performance of those activities. Several schemes for conducting an occupational or activity analysis are found in the literature (e.g., Hersch, Lamport, & Coffey, 2005).


TABLE 3-1

International Classification of Functioning, Disability and Impairment (ICF) Activities and Participation Domains with Examples



	ICF Domain
	Examples Relevant to Assistive Technology




	Learning and applying knowledge
	
• Basic learning skills, such as learning how to read, write, and do arithmetic operations; skill acquisition

• Applying knowledge, such as reading, attending to a learning situation, thinking, writing, problem solving, doing arithmetic operations, and decision making





	General tasks and demands
	
• Performing a single task, which involves steps required to do one thing; including acquisition and organization of materials; initiating, maintaining, and completing task; sequencing the task; and the place, space, and pacing

• Performing multiple tasks, including skills and knowledge required to perform many tasks either concurrently or consecutively

• Performing a daily routine, involving performance of all the activities that make up one’s day

• Handling stress or other psychological demands; involves the ability to deal effectively with stress, demands, and distractions of daily tasks





	Communication
	
• Reception of communicative messages, including spoken, written, signed language, or other means

• Expression of communicative messages, including oral, written, signed, or other means

• Conversation and use of communication devices and techniques; classification includes use of telephones and writing implements but not devices that would necessarily be considered assistive technology





	Mobility
	
• Ability to move from one position to another (e.g., sit to stand) or maintain one position

• Transfers from one surface to another

• Lift, hold, handle, and carry objects, including use of both upper and lower extremities for this purpose; upper extremity classification includes manipulation

• Activities of the hands and arms, including motions such as reaching, grasping, pinching, and rotating

• Walking and moving, including walking or moving by other means such as crawling or running in different environments and using equipment such as skates as well as a wheelchair or walker

• Use of transportation for mobility, including transportation use as a passenger or driver as well as use of an animal for transport





	Self-care
	
• Includes basic activities of daily living, such as bathing, eating, dressing, toileting, and personal health promotion activities





	Domestic life
	
• Acquiring necessities, including securing a place to live; necessary goods to support daily life; and home management activities as well as providing assistance to others, such as child care





	Major life areas
	
• Education, including formal and informal educational opportunities

• Work and employment, including work training, job acquisition, and remunerative and nonremunerative work

• Management of personal finances





	Community, social, and civic life
	
• Community life, including participation in formal and informal organizations such as service clubs

• Recreation and leisure, including participation in organized or informal play, leisure, or recreational activities

• Religion and spirituality, including both formal and informal activities

• Human rights, including participation in rights as identified in declarations such as the United Nations Convention on the Rights of Persons with Disabilities; excludes rights related to political life and citizenship

• Political life and citizenship, includes participation in all forms of political activity and rights accorded to persons with citizenship status in a particular country








[image: image]


United Nations Declaration on the RIghts of Persons with Disabilities, 2006.

From: International Classification of Functioning, Disability and Health, WHO, 2001. More information on the ICF is available on the World Health Organization’s website at www.who.int/classifications/icf.




Understanding Activity Beyond Its Classification

Use of the ICF or other systems that classify activity or occupation helps name and organize what a person does. However, a simple classification does not provide the full picture. When the consideration of activity stops at classification, other factors that influence doing activity are lost. The personal meaning attributed to doing activity, its complexity and flow, and the situated nature of doing within a context are not evident within a classification system. A number of questions help further define the activity. These questions guide the gathering of information about performance of the activity as well as how its performance relates to engagement in other activities.

[image: image]
FIGURE 3-2 The Human Activity Assistive Technology (HAAT) model with elements of the activity component identified.




TABLE 3-2

Comparison of International Classification of Functioning, Disability and Impairment (ICF) and the Human Activity Assistive Technology (HAAT) Model



	ICF
	HAAT Model




	Learning and applying knowledge
	Cognition
Communication



	General tasks and demands
	Cognition



	Communication
	Communication



	Mobility
	Manipulation
Mobility



	Self-care
	Cognition
Communication
Manipulation



	Domestic life
	Cognition
Communication
Manipulation
Mobility



	Interpersonal interactions and relationships
	Cognition
Communication
Manipulation
Mobility



	Major life areas
	Cognition
Communication
Manipulation
Mobility



	Community, social, and civic life
	Cognition
Communication
Manipulation
Mobility









Why is this activity performed? Here a distinction is made between a person wanting to do an activity versus needing to do an activity. Because the individual herself has some influence on required versus chosen activities, we will return to this idea when we discuss the meaning of the activity. The individual has more choice in whether to perform certain activities than others. Getting up and going to work is a required activity for many adults.

At work, specific activities are expected as part of the requirements of the job. Engaging in training to complete a marathon is an activity that some individuals choose (Figure 3-3). Even within activities, there is an element of choice. For example, for most children younger than a certain age, as defined by local legislation, attending school is a required occupation. There is no choice. However, choice is exerted (at least by older children) around how much or to what extent required school activities are completed.


How is the activity performed? Is it important for the client to perform the activity independently, or will he accept assistance from others or technology? When he does accept assistance from others, it is important to determine whether this assistance is provided by family, friends, or a personal care attendant. If the activity is a sensitive one, such as toileting, the person may be very particular about the person from whom he will accept this assistance. Another aspect of this question is whether the activity is performed alone or with others. For example, reading is something that can be done alone, but having a conversation requires a minimum of two people. The concept of a co-occupation (Pierce, 2009) is a relatively new idea from occupational science that explores performance of an occupation by two or more people.


Temporal aspects. Timing issues related to activity performance give guidance about how frequently the person engages in that activity. Frequency is one indicator of the importance of an activity to the individual. One that is completed regularly and frequently is usually of higher priority than something that is only done infrequently. It is also useful to ask how long it takes the person to complete the task and whether she is willing to invest that amount of time required to do it without assistance. Similarly, does the time to complete the task take away from time available for other activities? For example, a client may be able to dress herself by adapting to the activity but only with much effort over an extended period of time. This amount of time can be problematic when she is getting ready for school or work—if dressing takes a long time, doing it herself either means getting up very early to dress or risk being late for some commitment. Similarly, this length of time means she is not able to do other activities.


[image: image]
FIGURE 3-3 Doing an activity involves different levels of choice. A, Less choice in the work environment. B, Greater choice in leisure pursuits.



A final consideration relates to the preference the client has to how frequently an activity is performed. Individual preference often determines how frequently an activity, such as exercising or bathing, is performed. A change in abilities that affects cognitive, communicative, manipulative, or mobility skills can alter the ability of a person to exercise choice regarding the frequency with which certain activities are performed. For example, when a person lives in a skilled nursing facility, the institutional routines dictate the frequency of many activities, including personal care activities. The resident has limited opportunity to exercise choice over this temporal component.


Where does the occupation take place? We will explore the implications of place on activity when we discuss context. Here we identify the considerations required when considering place. An activity may be performed differently in a public versus a private place.

The presence of others in the place where the activity occurs can mean that there are individuals available to provide assistance. The opinion and knowledge of others about AT may hinder or enable its use. Place may also limit the choice of AT because some technologies that use voice input or activation may be obtrusive in a quiet place, and their use may restrict the privacy of the user. The physical aspects of place may also enable or hinder the performance of the activity.


What other activities are supported by the performance of a given activity? The performance of complex activities depends on the ability to perform more basic ones. For example, the ability to sit supports many other activities a person does to look after herself, socialize with others, volunteer, or engage in work or educational activities. Similarly, the ability to speak and manipulate materials are basic skills used in more complex activities.

Seeking the answers to these questions moves beyond simply knowing what activities a person needs or wants to do. They also assist the clinician to understand other elements of the performance of an activity and how they will enable or hinder the use of any AT.

[image: image]
FIGURE 3-4 The Human Activity Assistive Technology (HAAT) model with elements of the human component identified.
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« Performing multiple tasks including skills and knowledge required to perform many tasks either concurrently or consecutively

« Performing a daily routine, involving performance of all the activities that make up one’s day

« Handling stress or other psychological demands involves the ability to deal effectively with stress, demands, and distractions of daily tasks

dto do one thing; including acquisition and organization of materials; initiating, maintaining, and completing task; sequencing the task; and the place, space, and

« Reception of comnunicative messages,including spoken, written, signed language, o other means
« Expression of communicative messages inchding oral, written, signed, or other means
« Conversation and use of communication devices and techniques classification includes use of telephones and writing implements but not devices that would necessarily be considered assistive technology

« Ability to move from one position to another (e.2.,Sit to stand) or maintain one position
« Transfers from one surface to another
+ Lift, hold, handle, and carry objects, including use of both upper and lower extremities for this purpose; upper extren
« Activities of the hands and ams, including motions such as reaching, grasping, pinching, and rotating

« Walking and moving, including walking or moving by other means such as crawling or running in different environments and u
« Use of transportation for mobiliy; including transportation use as a passenger or driver as well as use of an animal for transport

classification includes manipulation

ing equipment such as skates as well as a wheelchair or walker

« Includes basic activities of daily living, such as bathing, eating, dressing, toileting, and personal health promotion activities

« Acquiring necessities, inchuding securing a place to live; necessary goods to support daily life; and home management activities as well as providing assistance to others, such as child care

« Education, including formal and informal educational opportunities
« Work and employment, including work training, job acquisition, and remunerative and nonremunerative work
« Management of personal finances

« Community life,including participation in formal and informal organizations such as service clubs
« Recreation and leisure, including participation in organized o informal play, leisure, or recreational acti
« Religion and spirituality, including both formal and informal activities

« Human rights, including participation in rights as identified in declarations such as the United Nations Convention on the Rights of Persons with Disabilities; excludes rights related to political life and citizenship
« Political life and citizenship, includes participation in all forms of political activity and rights accorded to persons with citizenship status in a particular country
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Technology

Assistive Use Mainstream Use
Name
Brainwave | Allow someone without the use of their hands to control a computer through thought This is just emerging as well. One can only imagine the possibilities.
recognition
units

Single-switch | Allow people with physical disabilities who are unable to use a pointing device or keyboard to control the | Used as a simple data acquisition solution for anyone needing to plug a switch into a computer. One

hardware computer using a single switch known example: a TV weatherman who changes slides on the weather map he is standing in front of |
interfaces using a small switch in his hand.

Swype text | People who have difficulty using a standard keyboard (e.g., people with spinal cord injury, leaming Smart phones and the proliferation of touch-screen devices (c.g., iPads) do not have keyboards. Swype
input for disabilities, amyotrophic lateral sclerosis) can enter text using head tracking or touch much faster than is used for all people using these devices to enter text much faster than alternative methods.
touch traditional uses of on-screen keyboards

screens
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Technology Name Assistive Use

Mainstream Use

Closed captioning | Textual translation of voice and sounds on TV for people who
are deaf or hard of hearing

Voice recognition | Text entry for those who are unable to use their hands to type
on a keyboard

On-sereen
keyboards

Text entry for those who are unable to use their hands to type
on a keyboard

Speech synthesis

Computer-generated speech used to communicate for those
unable to speak using their own voices

Television screens in lounges and gyms (more used here than by people who are deaf)
Anyone wanting to enter text faster than they can type; widely used by lawyers; telephone prompt systems
Tablets and personal digital assistants (PDAs); many emerging computing platforms do not have a keyboard attached and require the use of an

onscreen keyboard for text entry

Voice prompt telephone systems; many software applications where verbal feedback is provided

Digitized speech | Computer-generated speech used to communicate for those | Voice prompt telephone systems; many software applications in which verbal feedback is provided
unable to speak using their own voices
Computer Keyboard access and control of menu items for people who | Shortcuts to save time by anyone (c.g., Control-S to save)
keyboard are unable to use a mouse or see the screen
equivalents
Mouse keys Control of the cursor via the numeric keypad for people who | Graphic designers who wish to move the cursor a single pixel at a time and have difficulty doing so with a mouse
are unable to use the mouse
Sticky keys Assist one-handed typists in accomplishing key combinations, | Anyone who is a two-finger typist can use this feature (and there are many)
such as Shift-A
TY disambiguation | A quick way to enter text using scanning by someone whois | The majority of cell phone companies in the world have now licensed this technology to speed text entry using the numbers on the telephone
unable to use a keyboard (fewer keys means less time keypad.
scanning)
Word prediction | Speed text entry for people who arc unable to use their hands | Used everywhere from spreadsheets to language learning software. Word completion and word prediction help speed text entry for everyone.
to type on a keyboard
Abbreviation Speed text entry for people who arc unable to use their hands | Now a standard feature in most mainstream word processing applications; type common terms, such as your name and address, with a single
expansion to type on a keyboard abbreviation

Single latches on
laptops

On/off push button | Ability for people with limited motor control to tum on/off
toggle switches | computers (instead of the traditional rocker switches in the

Allow people with only one am to open the lid on a laptop

Ever had one arm full of papers and tried to open your laptop lid? You will immediately appreciate this feature when you do.

Now almost every computer made uses this type of switch because it is simply casier for everyone

rear)

Call-out contral | Allow people who are blind to have the description of a Anyone wondering what a certain toolbar icon is supposed to mean can now dwell over it and get the text description
descriptions contral icon read to them via specch synthesis

Screen Allows people with low vision problems to more easily see the| Often used during presentations or in kiosks to make certain parts of the computer screen more viewable by the public
enlargement screen of the computer

System color

Allow people who are color blind or have low vision to see the

schemes computer screen easier
Wearable Allow someone with a disability who is using a computer for
computers communication to have it with them at all times (c.g.,
glasses-mounted displays)
Head tracking Allow someone without the use of their hands to control the
devices cursor

Who do you know who has not played with the system colors and customized them to their own tastes? High-contrast modes are often used in
presentations to large audiences when the screen must be seen from large distances.

This is just emerging. There are specialized uses for it now, such as the military, but it will become more common for everyone in the future.

Gamers who are using their hands for other things such as firing buttons can still control the cursor. Also used by database entry clerks and
other computer operators who must have their hands on the keyboard at all times. Used in hazardous environments where the computer is
behind a window yet can still be controlled.

Table Continued
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