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xix

 

Introduction

 

Goal of this book

 

The goal of this book is to present universal and accessible design to the U.S.
design community. Universal design and accessible design are often used
interchangeably, and this can be confusing. While universal design and
accessible design share a common core of design principles and strategies,
they differ in that accessible design is legally mandated whereas universal
design is not. The legal mandates and design guidelines associated with
accessible design require that designs be compliant subject to legal penalties.
Universal design, on the other hand, is motivated more by global competi-
tion and the creation of more universally accessible and usable products and
services demanded by international markets.

After reading this book, designers will be able to apply universal and
accessible design principles to their specific projects, secure in the knowledge
of how their applications fit into a broader societal and competitive global
design environment.

 

Who should read this book and why

 

Professional designers, educators in engineering and the design professions,
and students of design should read this book. Growing pressures for the
mainstreaming of universal and accessible design, that is, the integration of
the ideas, concepts, strategies, and methods of universal and accessible
design into the general knowledge and practice of the design community
include laws, global markets and competition, an aging population, techno-
logical advances, and evolving conceptualizations of disability and societal
values. These pressures provide different, but complementary, reasons for
reading this book.

A growing collection of national and international laws is mandating
accessible design. Lack of compliance can result in fines, penalties, legal fees,
and the costs associated with redesign, retooling for manufacturing, or mod-
ifying existing structures. Professionals involved in design activities need to
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know what laws apply to their specific situations and then where to go to
get design guidelines, regulations, and compliance information. Educators
dealing with design programs need to understand accessible design and its
role within society so as to better prepare their students for professional
carriers in design. Graduates from these design programs need to be pre-
pared for today’s global job market, and knowledge of accessible design
principles is emerging as a core component of that professional preparation.

While compliance is important, it is critical for designers to move past
simple compliance and the reactive mind-set it can foster. Universal design
provides a broader, yet complementary, approach to design. Universal
design has evolved from ethical and market-driven pressures, particularly
the pressures of global competition. The Council of Europe has passed a
resolution seeking to have universal design principles and methods incor-
porated into all training and educational programs dealing with design.
Toyota has embraced the use of universal design principles throughout its
corporate activities. The benefits of universal design in today’s highly com-
petitive, global, and e-driven economy will be presented. It is critical for the
U.S. design community to understand what universal design has to offer
and why U.S. business competitors around the world are moving to adopt
and utilize universal design principles.

 

Organization of the book

 

This book is divided into four major sections. Section I provides the societal
and global context for accessible and universal design. It also provides def-
initions and examples of accessible and universal design. Section II focuses
on accessible design, the legal mandates, guidelines, and U.S. government
regulatory and resource agencies. Section III presents universal design prin-
ciples, strategies, examples, and applications. Section IV explores
the expanding conceptualizations of universal design and discusses future
directions.

Section I contains two chapters. Chapter 1 paints the “big picture” within
which universal and accessible design is growing and evolving. It provides
a broad-brush overview of the societal and global issues that have spawned
and continue to nurture the growth of accessible and universal design. These
issues include the laws mandating accessibility and global market pressures
on not only multinational corporations, but also small business. Chapter 2
defines universal and accessible design, and explores their relationship to
the broader concept of design. Chapter 2 also presents a variety of examples
that exemplify and clarify the definitions and relationships among the design
approaches.

The two chapters in Section II focus on legal issues and the conceptual-
ization of accessible design that derives from a legal base. Society’s concep-
tion of disability is reflected in a country’s laws, and a variety of laws
currently mandate accessible design. Chapter 3 looks at disability and the
relationships between various conceptual models of disability and how these
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conceptual models have evolved and influenced our laws and our percep-
tions of accessible and universal design. It is impossible to understand acces-
sible design without considering the societal reason for its existence.
Accessible design is driven by the laws mandating the accessibility of build-
ings, services, telecommunication, and electronic and information technolo-
gies for people with disabilities. Society’s understanding of disability lies at
the heart of these laws. The World Health Organization’s new International
Classification of Functioning, Disability, and Health (WHO ICF) will serve
as the conceptual model for disability for this book. The ICF framework
explicitly includes environmental factors, the societal elements so strongly
linked to design processes, and thereby the ICF serves as an integrating agent
for the concepts presented.

Chapter 4 covers accessible design, the accessibility laws, and resources
created to help designers comply with legal mandates. This is the “how-to”
part of the book with respect to accessible design. This includes a discussion
of the duties and responsibilities of the Access Board, which was created by
the laws that mandate accessibility. The legally prescribed mandates and
design guidelines developed and provided by the Access Board are an
explicit formulation of accessible design strategies and requirements.
Designers in the industries covered by the accessibility laws must apply
these accessible design strategies to create accessible products and services.
The Access Board is also charged with the task of educating designers about
the accessibility design guidelines and legal mandates. As such, the Access
Board provides a rich source of educational and training material. Chapter
4 contains information that is essential for designers working in areas cov-
ered by the accessibility laws.

Section III, “Universal Design Principles, Strategies, and Examples,”
contains 11 chapters and is the heart of the book with respect to the presen-
tation of universal design principles, strategies, and applications. This is the
“how-to” part of the book with respect to universal design. For each univer-
sal design principle, a collection of design strategies is presented. The design
strategies are followed by examples and applications. The term “design
strategy” means concrete, pragmatic ways to implement and build entities
so that they, in fact, possess the properties and characteristics espoused by
the universal design principles. The design strategies derive from a variety
of sources—none are new. The umbrella concept of universal design brings
these existing design strategies together in new ways, and that is the unique-
ness and strength of the universal design approach.

The examples and applications associated with the strategies have been
chosen to span as many engineering and design disciplines as possible. The
universal design strategies derive from a simple premise: design entities to
work with, support, and enhance human functioning. Design to human
strengths and not human weaknesses. Create products and processes
wherein people are allowed to do what they do best, and where the products
and processes are required to do what they do best.
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Chapter 5 provides an overview of the universal design principles. The
design principles fall into three broad categories: (1) those dealing with
human functions, (2) those dealing with processes, and (3) value-based
design, which in practice places constraints on the human function and
process principles. This hierarchical categorization of universal design prin-
ciples is new to this book and affords a pragmatically useful way to organize
the principles.

There are three chapters (Chapters 6 through 8) dealing with the human
function principles of ergonomics, perception, and cognition. These three
principles are those most often associated with universal design. The ergo-
nomic considerations follow from traditional safety and risk reduction strat-
egies as well as anthropometric factors. The perceptual issues start from
psychomotor laws such as Weber’s law, Fechner’s law, and Steven’s power
law, which describe fundamental human sensory information processing
and move to design strategies based on these laws. Dealing with cognitive
issues is traditionally a very difficult problem and, consequently, a great deal
of material is devoted to this very important topic. Chapter 8, which deals
with cognitive issues, contains a wealth of cognitive design strategies.

There are four chapters (Chapters 9 through 12) dealing with process
issues: flexibility, error-management, efficiency, and process variability and
variation. Unique to this book is the discussion of the hierarchical linkages
wherein the process-level design principles and strategies place constraints
on the lower-level human functioning principles and strategies.

Flexibility and error-management are typically mentioned as universal
design principles, but not from a process-oriented perspective. This book
also expands on the traditional concept of flexibility to include the use of
assistive technology and adaptive design strategies to achieve flexibility.
These topics are important because they are explicitly mentioned in many
of the laws on accessible design. This book uses the term “error-manage-
ment” as distinct from error-proofing because not all design applications call
for error-proofing, and hence error-management is a more accurate term.

The inclusion of efficiency and the reduction in process variability and
variation as universal design process principles is unique to this book. Effi-
ciency is characterized from the 

 

kaizen

 

 (Japanese continuous improvement
methodologies) point-of-view of reducing or eliminating non-value-added
activity. Non-value-added activities are defined and process-based universal
design strategies are presented. Deming’s ideas of common cause and special
cause process variability form the theoretical basis for design strategies that
seek to reduce the common cause variability of processes.

Chapter 13 covers value-based design, in particular, 

 

equitable design

 

 and
its role as an integrating principle. Equitability is the last universal design
principle considered in this discussion; its representation as the synergistic
integration of the other universal design principles argues for its prominence
in design requirements. This is why it is often the first cited universal design
principle in other discussions.
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Universal design traditionally focuses on creating nonstigmatizing, equi-
table designs. Nonstigmatizing and equitable imply being age and context
appropriate, being aesthetically pleasing, being affordable, and having a
broad market appeal. These design features and characteristics are true for
any product or service, but are especially true for designers seeking to follow
universal design principles.

What has not been recognized is the role of equitability as an integrating
principle. A role made evident by the hierarchical structure among the design
principles, equitability imposes constraints on the other design principles in
that they must be applied so that the designed entities are accepted by a
broad spectrum of users. The designs must be age and context appropriate
as well as aesthetically pleasing. In a most fundamental way, equitability
forces the integration of the other universal design principles.

Accessible design does not concern itself with being equitable. Accessible
design is concerned with removing or preventing environmental barriers as
prescribed by law, guidelines, and standards. This does not mean that an
accessible design requirement cannot be equitable.

Chapter 14 takes a close look at universal design in the workplace, not
so much specific strategies and methods in that these are presented in the
previous chapters, but rather what makes the workplace unique from a
broader social context. Examples are provided from large multinational cor-
porations, small businesses venturing into the global marketplace, and a
traditional non-profit service organization that is changing to meet the
demands of e-commerce and global markets.

The final chapter of Section III, Chapter 15, presents the World Wide
Web design community as a model and example of the mainstreaming of
accessible and universal design into a globally organized design community.

Section IV consists of two chapters. This section provides a transition
from the design of products and processes so as to enhance human func-
tioning to viewing how the environment can contribute to defining a per-
son’s value. This transition is part of an international process of evolution
and redefining of universal design. Chapter 16 explores the evolution of
universal design. The chapter starts by examining the ethics of disability
from both a personal and societal perspective. It then goes on to present
three different definitions of universal design that exemplify the evolution-
ary trends and the ethical implications of these definitions. Chapter 17
returns to the themes of Chapter 1—that is, the rich and complex social and
political context within which the practice of design takes place. It continues
to explore the evolution of accessible and universal design from these societal
and political perspectives. These perspectives enable us to step back and
take a more reflective approach to accessible and universal design, and
provide conclusions based on these reflections.
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Dr. Erlandson’s professional background ranging from Bell Laboratories,
to small business, to technology transfer and economic development, design,
research, community service and education provides him with a unique mix
of experience from which to draw when considering universal and accessible
design for products, services, and processes.
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1

 

section one

 

Introduction and definitions

 

Section goals:

 

• Present design as a societal process influencing and being influenced
by societal elements.

• Provide a definition of universal and accessible design within the
context of the general design process.

• Provide a rationale for the mainstreaming of accessible and universal
design.

• Demonstrate that a gap exists in the design curricula of U.S. higher
education with respect to accessible and universal design, current
legal mandates, and global market conditions.

 

Scope of the discussion

 

The section goals are ambitious but are important in providing the broader
societal context within which the notions of universal and accessible design
are evolving. Design in its most general sense is a process practiced by
virtually every profession. Two of the most commonly thought-of profes-
sions are engineering and architecture. However, universal design for learn-
ing is an example of the spread of universal design beyond its traditional
disciplines. Teachers are designers, designing activities and curriculum
material. Universal design for learning has emerged as the practice that
covers the application of universal design principles in educational settings.

As universal design and its close first cousin, accessible design, evolve
and their influence spreads, society changes its collective conceptions
about human functioning. This process is driven by a collection of dynamic
feedback loops among societal elements and design activities. A simple
example illustrates the feedback processes.

A person who is blind, working as a telemarketer required to take orders
via phone or computer and fill out electronic forms, can function as effec-
tively as a sighted person with the appropriate technology—for example, a
screen reader (providing text-to-voice output), a Braille printer. Without such
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technology, the blind worker would be disabled and unable to perform the
job.

As a society, we either directly experience the beneficial effects of such
technology, witness its impact first-hand, or hear stories about people who
work with such technology,  either from friends and colleagues or through
the media. The cumulative effect of such experiences is a redefining of what
it means to be disabled. Society’s definitions of normalcy change to reflect
the availability and utilization of such enabling and assistive technologies.
And as has happened throughout the world, the availability of such tech-
nology and its witnessed impact have created laws mandating increased
accessibility. While this is a very simple example, it illustrates the dynamic
linkages and evolution among societal elements and design.

Chapter 1 systematically presents and discusses the aforementioned top-
ics. The goal in crafting this chapter is to provide sufficient detail and exam-
ples so as to present a rational and reasonable argument for the mainstream-
ing of accessible and universal design into the various U.S. design
communities. Chapter 1 reveals that universal and accessible design are
driven by different yet complementary pressures, and that it is critical for
American businesses to understand the different drivers so that they can
appropriately and effectively respond to legally mandated accessibility ver-
sus market-driven forces to offer more accessible products and services.

Chapter 2 begins with a very general definition of the design process
and then goes on to define universal design, accessible design, and adaptable
design within that general design context. Following the definitions, a vari-
ety of examples are presented illustrating each definition and, more impor-
tantly, how the various design approaches can overlap one another.
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chapter one

 

The time has come

 

Chapter goals:

 

• Present the global market pressures for the mainstreaming of univer-
sal and accessible design into the broader design community.

• Introduce the legal mandates for the mainstreaming of accessible
design into the broader design community.

• Present the knowledge gaps that currently exist in U.S. higher edu-
cation design programs.

• Present the current state of affairs with respect the mainstreaming of
universal and accessible design into U.S. higher education design
programs and hence the U.S. design community.

 

Linkages

 

Laws, global markets and competition, an aging population, technological
advances, and evolving conceptualizations of disability and societal values
are combining to promote the mainstreaming of universal and accessible
design. Figure 1.1 diagrammatically illustrates the interactions of these
forces. The process of design takes place within and this milieu. Design does
not take place in isolation—it is a social process. It draws ideas, inspirations,
and constraints from the social environment and, in turn, the products of
design influence this environment. Design is placed at the center of Figure
1.1 because design is the focus of this book.

A variety of federal laws currently mandate the accessibility of buildings,
transportation, telecommunication products and services, and electronic and
information technology. These laws are major drivers behind the main-
streaming of accessible and universal design. The laws, derived from societal
attitudes that grew out of the civil rights movements of the disability com-
munity, are based on the premise that the environment can “level the playing
field” for people with disabilities.

Shortly after taking office, President George W. Bush created the

 

New Freedom Initiative

 

 [1]. When announcing the New Freedom Initiative,
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President Bush stated that “My Administration is committed to tearing down
the barriers to equality that face many of the 54 million Americans with
disabilities” [1]. This initiative is based on the premise that “[a]ssistive and
universally designed technology offers people with disabilities better access
than ever before to education, the workplace, and community life” [2]. 

Legal mandates, while initially the only major drivers for the main-
streaming of accessible and universal design, are being joined by an equally
powerful set of forces, global competition, and global markets. Global com-
petition and markets are now also driving the mainstreaming of universal
and accessible design, perhaps more forcefully than legislation. Toyota’s
Universal Design Showcase in Tokyo, Japan, exemplifies the global trend
toward universal design. This facility and associated website promotes and
explains Toyota’s corporate commitment to universal design in all of its
operations, from automobiles to homes [3, 4].

A London-based company, OXO International, Ltd., exemplifies the suc-
cess of mainstreaming the universal design into a company’s design culture.
OXO is a multinational company, with a global market for its products.
OXO’s product lines include cooking tools and utensils; serving and enter-
taining tools and equipment; cleaning, organizing, and gardening tools;
utensils; and equipment. OXO was founded in 1990 on the philosophy of
universal design, “which is the concept of designing products that are easy
to use for the largest possible spectrum of users” [5]. OXO’s 

 

Who We Are

 

website states that “living by Universal Design principles gives us an oppor-
tunity to see things from a different perspective. The goal of making products

 

Figure 1.1

 

Technology, global competition, laws, ethics, and our conceptual model
of disability all interact with one another and all influence the design process.
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more usable forces us to first identify problems and inefficiencies of existing
products (including our own), not only in terms of comfort, but performance
as well” [5].

OXO’s marketing success also demonstrates that universally design
products can be both functional and artful. Each year, OXO introduces more
than 50 products [5]. OXO’s designs have won about 100 design awards
since 1991. These awards range from Kitchenware Winner 1991 (National
Housewares Manufacturers Association, England) to the 1992 Industrial
Design Excellence Award, Gold (Industrial Designers Society of America),
to four Design Plus Awards in 2003 (Messe, Frankfurt, Germany). In addition
to such industry recognition, OXO products were selected for inclusion in
the permanent Design Collection of The Museum of Modern Art, New York,
in 1994. See [6] for a complete list of OXO awards. These awards and rec-
ognition clearly demonstrate that accessible, universal design approaches
not only address functionality, but can also be artistic and aesthetically
pleasing, reaching a mass consumer market.

 

Definitions: Universal design and accessible design

 

For now, universal design can be defined as the design of facilities, products,
and services that can be used by people of all abilities, to the greatest extent

 

Figure 1.2

 

The homepage website for Toyota’s Universal Design Showcase. This facility
showcases the benefits of universal design for everyone. (From TOYOTA Universal
Design Showcase, http://www.megaweb.gr.jp/Uds/English/guide.html, 2004.)

Welcome to
the TOYOTA Universal Design
Showcase.

Tall, short, male, female, plump, slim, young, mature,
elderly-we’re all so different in so many ways. This
showroom offers you an opportunity to notice for
yourself the importance of Universal Design, a design
approach that strives to accommodate the differences in
the ways individuals use a product. TOYOTA Universal
Design Showcase: a place where we can all share ideas
about Universal Design.

 

7493_C001.fm  Page 5  Monday, May 14, 2007  8:25 AM

© 2008 by Taylor & Francis Group, LLC

www.megaweb.gr.jp


 

6 Universal and Accessible Design for Products, Services, and Processes

 

possible, without adaptations. This definition is a slight modification of the
definition provided by the Center for Accessible Housing [7]. Accessible
design can be defined as the design of facilities, products, and services that
satisfy specific legal mandates, guidelines, or code requirements with the
intent of providing accessibility to the entities for individuals with disabili-
ties. This definition of accessible design focuses on the legal implications of
the term. The definition is an expansion of the 1991 Center for Accessible
Housing’s definition [8].

Whereas accessible design is legally driven in that specific legal require-
ments must be met to ensure the accessibility of facilities, products, and
services for individuals with disabilities, universal design is not legally
driven or mandated. Quoting again from the OXO website: “The concept of
Universal Design makes room for all users by taking as many needs as
possible into consideration in the design process. It is important to note that
Universal Design does not mean designing products fully usable by every-
body, since there is no product that can truly fulfill the needs of all users.
But when all users’ needs are taken into consideration in the initial design
process, the result is a product that can be used by the broadest spectrum
of users” [9].

 

Laws

 

In the United States, laws have traditionally been and continue to be the
dominant force for accessible design. The laws mandating accessible design
reflect a broad shift in societal values and the conceptualization of disability.
As people experience and witness the effect of technology and accessible/
universal design to improve lives, the notion of disability is changing. Pos-
itive feedback of this sort ensures that change begets change. Expectations
for one’s own life and the lives of fellow citizens rise and this places pressure
on the design process to further enhance products and services. Universal
design is a logical conclusion to this positive feedback process.

Current federal laws are mandating that the built environment, build-
ings and facilities, transit vehicles, telecommunication products and services,
and electronic information and technology be accessible for people with
disabilities. These laws also created the Access Board, which is responsible
for creating and publishing a collection of guidelines covering accessible
design requirements for the built environment, transit vehicles, telecommu-
nications equipment and services, and for electronic and information tech-
nology. All designers must be aware of the Access Board and the guidelines
it publishes because these guidelines place constraints on the emerging
design. 

Table 1.1 provides a summary of the major laws and the affected disci-
plines. These laws, rules, and regulations impact all engineering design
disciplines and cover the design spectrum from the assembly and manufac-
turing of products to consumer use of products and services. It is imperative
that engineers, business owners, information/telecommunication system
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designers, Web authors, and others be cognizant of the legal and social
concerns that surround the issues of accessible design—issues that will have
significant impact on the products, facilities, and services that such profes-
sionals provide.

 

Market and ethical imperatives for accessible and universal 
design

 

While laws drive accessible design, e-commerce and the global competition
for products, services, and jobs are the dominant forces for universal design.
Toyota and OXO exemplify the global pressures for mainstreaming universal
design. In the United States, there are other market pressures that are also
at work. A significant force arises from America’s aging population, in par-
ticular the baby boomers. The baby boomers have redefined markets for
products and services since their births and will continue to do so until they
die. The baby boomers are beginning to experience the effects of aging,
including increasing physical challenges, decreasing vision and hearing acu-
ity, health conditions that affect stamina, and increasing cognitive challenges.
In terms of their demand for more accessible products, services, and jobs,
markets are beginning to feel and respond to the impact of this group.

An example of the significance of the baby-boomer market is Ford Motor
Company’s use of the “Third Age Suit” [10, 11]. This is a suit that inhibits
movement, speed, and range of motion. It is used to allow young designers
to experience the effects of aging and thereby sensitize them to the need for
using accessible and/or universal design principles when designing cars
and trucks. Another example is the agreement between the AARP and Home
Depot for the employment of older individuals [12]. 

 

Table 1.1
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Architectural Barriers Act X X X
Rehabilitation Act

 

a

 

X X X X X X X X X X
Americans with 
Disabilities Act

X X X X X X X X X X

Telecommunications Act, 
Section 255

X X X X X X

Rehabilitation Act 
Amendments, Section 
508

X X X X X X

 

a

 

The Rehabilitation Act created the Access Board—and hence impacts all areas.
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As already noted, global markets represent another force pushing for
more universally designed products, services, and workplaces. Global mar-
kets driven by e-commerce and a technology base that supports global
communication and transportation of products, services, and ideas make
small businesses in Michigan direct competitors with similar small busi-
nesses in Italy, Brazil, or Japan. With such global competition and corre-
sponding market base, businesses must be sensitive to and as responsive as
possible to a variety of market niches.

Robert Reich, former Secretary of Labor under President Clinton, speaks
to the “new economy” that the United States and the world now finds itself
in [13], a global economy driven by e-commerce. Reich states two character-
istics of the new economy. First, choices are widening for the consumer.
Consumers can easily switch brands or supplier in search of a better deal.
Second, the breadth of choices and relative ease of switching place suppliers
and sellers in a very vulnerable position with respect to competition. This
vulnerability drives innovation and the desire to create even more attractive
products and services so as to retain and expand market share. However, as
Reich points out, winning market share in the new economy is tempo-
rary—the race is never over [13].

Universal design is a natural design approach in such a volatile market
environment. It is a cost-effective approach. Design, build, and sell products
and services that as many people with as broad a spectrum of abilities can
use without accommodation. For OXO, “the principles of Universal Design
mean a salad spinner that can be used with one hand; liquid measuring cups
that can be read from above without bending over; a toilet brush that bends
to reach out-of-the-way places; a backlit oven thermometer that can be read
easily through the window of an oven door; kettles with whistle lids that
open automatically when tipped to pour; and tools with pressure-absorbing,
non-slip handles that make them more efficient” [9].

Another example of the use of universal design due to global marketing
is the use of a standardized icon collection for video and audio recorders
and players, the stop, pause, record, forward, and reverse icons. Standard-
ized icons in airports and other public places for toilets, exits, and food are
yet further examples of universal design.

Accessible and universal design principles are natural strategies for the
design of work and service processes to support a global distribution of work
and the associated incredibly diverse workforce. Manufacturing operations
must be responsive to the changing global market demands. These pressures
demand faster prototyping and product development cycles, as well as agile
assembly and manufacturing practices that support a mix of high- and
low-volume orders [14, 15]. Design, manufacturing, assembly, and customer
and service support functions can be distributed globally with a staggeringly
diverse workforce. Transportable workplace and job designs that enable
workers with different languages, different anthropometric features, and
different skill levels to step into the process and with little or no training
competently perform the required tasks are extremely desirable. Universal
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design in the workplace affords a design strategy aimed at creating trans-
portable workplace designs that can effectively and efficiently serve the very
diverse workforce found in a global economy.

As an example of universal design in the workplace, consider the ETL
talking scale system [16]. A customized control unit with voice output and
built-in recorder is interfaced to a digital scale. In addition to the scale’s
digital display (numeric) the controller has a three-light indicator (high, OK,
low), and voice prompting. The voice prompting can be easily recorded and
hence the prompts customized with respect to language and complexity. The
controller must be configured for the weighing or counting task. If the voice
prompt feature is turned on, the controller will inform the worker if the
weight (or count) is “too high,” or “too low,” or “OK.”

The talking scale system and controller were designed using universal
design principles [16, 17]. Workers with cognitive impairments as well as
non-impaired workers have used the device. For all workers, the controller/
scale system yielded improved quality by reducing weighing and counting
errors. The system’s features worked differently for different workers [17].
For the cognitively impaired, it provided the support and feedback necessary
to actually be able to do the job at the required performance levels. For the
non-disabled worker, it provided error-proofing and improved quality con-
trol to fight boredom and fatigue.

The substantial disability market is another force driving the use of
universal design. Accessible and universal design techniques provide a
design strategy that inherently expands the market potential of a product or
service by rendering it more accessible to a greater number of people. A
market study of the U.S. population performed by the Electronic Industry
Foundation states that “The National Center for Health Statistics (NCHS)
and the Census agree that roughly 15 percent of the total population have
some type of functional limitation. More than one-third of the total cannot
perform major life activities like working, going to school, playing or caring
for themselves” [18]. More significantly, research shows that “many people
with disabilities are avid purchasers and users of products that help them
communicate more effectively” [19]. It is an emerging realization that indi-
viduals with disabilities represent a potentially large market for a large
variety of products and services [18–20].

The application of accessible/universal design principles provides a
concrete and demonstrable ethical statement by business and industry. An
example of industry’s commitment is the June 3, 1998, SBC (Southwestern
Bell Communication) policy on universal design (accessible design): “SBC’s
commitment to universal design principles is a tangible demonstration of
the value SBC places on the worth and dignity of all individuals, including
people with disabilities. SBC is committed to universal design” [21]. This
statement is only one example of the ethical and compassionate efforts being
shown in the business community for individuals with disabilities.

Hence, in addition to the pressures of globalization, there is a growing
awareness that individuals with disabilities and the aging population
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represent significant market potentials for more accessible products and ser-
vices. More and more businesses are recognizing the potential dollar value
of what were once considered “niche markets.” While the changing percep-
tions may have started as a rationalization and a coming-to-terms with the
legal mandates, marketing to this particular consumer group is now recog-
nized as smart, ethical business. This is a powerful combination.

 

Accessible and universal design: Mainstreaming issues

 

The legal mandates for accessibility, the market pressures for more univer-
sally designed products and services, and ethical concerns for ensuring the
accessibility of products and services for people with disabilities, all speak
to the mainstreaming of accessible and universal design into engineering
and design. A study by the Enabling Technologies Laboratory (ETL) at
Wayne State University in Detroit, Michigan, identified a lack of understand-
ing of the legal and market issues as the biggest problem for greater main-
streaming [22].

Recent trends indicate that more people are becoming aware of the need
for more universally designed products, services, and workplaces. Not sur-
prisingly, the ETL study found that engineers working in areas most directly
impacted by current laws and regulations that mandate accessibility were
aware of the need for accessible and universal design, for example, those
working on buildings and transportation systems, telecommunication sys-
tems, and electronic and information technology. Many of these practicing
engineers have been involved with their company’s market studies and have
come to realize that there is a market potential for more accessible products.

The ETL study also confirmed that those individuals who are not work-
ing in areas directly affected by the laws mandating accessibility are less
likely to know about the laws and are more inclined to think of universal
design and accessible design as something nice to do for people with dis-
abilities if development time and costs allow. These designers do not typi-
cally understand the broader global marketing implications for universally
designed products and services. This situation will change. This book is but
one example of the increasing availability of information about universal
and accessible design.

The amount of publicly available information on accessibility laws, and
accessible and universal design is rapidly growing. The federal government
and those companies involved in complying with the laws and regulations
have developed a significant amount of information on accessible design
and its implementation, which is available online. The availability of such
information is a driving force for mainstreaming, in that the increased avail-
ability of such material increases the likelihood that more people will dis-
cover the resources and utilize them. Table 1.2 provides some examples. 

The European Union is aggressively pursuing the integration of univer-
sal design material in higher education as well as vocational and skilled
crafts training programs. The Council of Europe, Committee of Ministers,
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stated in a recent resolution the need to integrate people with disabilities
into the community using universal design or “design for all” principles
[23]. A key component of their approach is to require education, training,
and awareness for everyone dealing with the built environment [23]. With
respect to higher education, this includes engineers, architects, designers,
planners, and policy makers. The resolution then states that because a large
number of vocations and skilled craftsmen are involved with designing and
building in the physical environment, “… craftsmen, such as bricklayers,
carpenters, plumbers, and electricians, the initial vocational training of all
professions concerned should include universal design principles” [23].

In the United States, the Access Board is not only responsible for creating
and publishing detailed accessibility guidelines related to the federal laws
mandating accessibility, but is also responsible for technical assistance and
training to help disseminate and ensure the design of accessible entities. As
such, the Access Board has developed and made available technical assis-
tance material and conducts a comprehensive training program for practic-
ing engineers, designers, managers, and policy makers. The General Service
Agency (GSA), the procurement arm of the federal government, and over
500 organizations (including corporations, professional organizations such
as the IEEE, universities, and disability groups) have joined together and
formed the Accessibility Forum. The Accessibility Forum was created to help
both government and businesses more clearly define accessibility and eval-
uate whether electronic and information technology products and services
are in compliance with the mandated accessibility requirements.

In summary, there are a multitude of organizations, both businesses and
governmental, that are actively engaged in raising public awareness with
respect to the needs of the disabled and the legal mandates requiring acces-
sibility. As engineers and designers gain experience with universal and acces-
sible design, they are discovering unexpected spin-off benefits and are begin-
ning to rethink the marketing advantages of more universally designed
products and services.

 

Table 1.2

 

Examples of Web-Based Material on Accessible Design

Example URL

 

The U.S. Access Board http://www.access-board.gov
Center for Applied Special Technology 
(CAST)

http://www.cast.org

TRACE Center http://trace.wisc.edu
The Center for Universal Design http://www.design.ncsu.edu:8120/cud
The Enabling Technologies Laboratory http://www.ece.eng.wayne.edu/etl
Accessible Design Resource Center 
(ADRC)

http://www.etl-lab.eng.wayne.edu/
adrc/Default.htm

IBM Accessibility Center http://www-3.ibm.com/able
Microsoft Accessibility http://www.microsoft.com/enable
W3C Web Accessibility Initiative (WAI) http://www.w3.org/wai
Accessibility Forum http://www.accessibilityforum.org/
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chapter two

 

Design: Universal design/
accessible design/adaptable 
design

 

Chapter goals:

 

• Provide definitions of universal design, accessible design, and adapt-
able design.

• Specify their relationship to the broader notion of design in general.
• Provide examples of the different design approaches.

 

What is design?

 

The word “design” can be either a noun or a verb. When used as a noun,

 

design

 

 refers to an object or entity; and when used as a verb, 

 

design

 

 refers to
a process [1]. For this discussion, 

 

design

 

 will be used as a verb, that is, design
is a process. The Consummate Design Center [2], a virtual resource center
for all types of designers, puts forth the following definition of design:

Design is the thought process comprising the creation of an
entity [2].

Each element of this definition provides insight as to the nature of design.
Design starts with “thought,” that is, insight, intuition, and reason [2]. Each
of these elements will be considered. The designer must have insight, an
idea, or a thought as to the connections between a design concept and the
needs or problems addressed by the proposed entity. More simply, the
designer needs to see the connection between “problem and possibility” [2].

Both Apple and Microsoft provide accessibility features in their respec-
tive operating systems. Designers at both corporations saw the link between
the accessibility problems of people with disabilities and possible solutions,
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such as enlarged font and sound prompting for people with poor vision.
These features demonstrate the integral link between problem and possibil-
ity that is crucial to the thought phase of effective design.

Intuition deals with deeper levels of knowing and derives from
first-hand experience. Designers from both Apple and Microsoft worked
with representatives from the disabled community to create designs that
truly addressed real needs within that community. To be effective, the
designer either has intuition based on personal experience or must work
with others to “gain” the required intuition. For example, Ford Motor Com-
pany’s Third Age Suit simulates many effects of aging [3]. Young designers
are required to wear the suit in order to experience, to a limited degree,
movement and perceptual limitations related to aging. As a result, designers
have more insight as to the needs of elderly drivers and passengers.

Reason refers to the analytical methods of analysis: modeling, simula-
tions, mathematics, and other systematic approaches to stating and compar-
ing alternatives and differing design hypotheses. Computer operating sys-
tems go through a strict regime of simulation and testing. Automobile
dynamics are thoroughly evaluated and tested on sophisticated computer
simulation systems. Analytical methods are most often associated with engi-
neering design processes.

Together, insight, intuition, and reason form the first crucial phase, the
“thought” phase, of the design process.

The next component is 

 

process

 

, that is, a collection of activities or steps.
From a design perspective, the focus is on 

 

thought processes

 

 such as speaking,
writing, drawing, building and testing models, simulations, etc. [2]. The
process can be iterative or linear, simple or complex—there is no fixed
process. For example, designing and building a simple wooden box can be
a linear process: sketch or draw the box, collect the required materials, cut
the wood, and assemble the parts. Designing a car is much more complex,
so it is an iterative process: develop a proposed design, simulate the concepts
identifying problem areas, then go back and modify the design. Designers
will run through this cycle many times before finalizing the design.

Design is a thought process consisting of a variety of elements. “The
whole of design comprises all the individual parts of that thought process
leading up to, involved with, and even following the creation of the entity
being designed” [2]. Depending on the entity being designed, these individ-
ual parts can include needs identification, alternative designs, modeling
and/or simulations, prototyping, construction, quality control, sales, deliv-
ery, after-service, and customer feedback [2]. The design of an automobile
comprises all of the elements just mentioned, from needs identification,
through sales, delivery, and customer feedback.

Design leads to the creation of an 

 

entity

 

. “That is, it leads to the tangible
realization of a mature completion of the ‘image of possibility’ that originally
served to initiate the process” [2]. The entity is the product of the design
process. Where an entity might be a physical object (a car, computer), a
temporal event or sequence of steps as with a play or a customer service
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process (taking an order), a conceptual formulation such as information
theory or the theory of fuzzy sets, a relational formulation such as the
operating procedures for a computer [2] or an environment (classroom,
building, park, home, etc.).

As Miller notes, 

 

“Design is the thought process comprising the creation of an
entity”

 

 [2]. As part of the “thought process,” the designer needs to explicitly
consider whether or not to use universal, accessible, or adaptable design prin-
ciples. Such consideration derives from the perceived needs and specifications
of the product or service and the designer’s knowledge of universal, accessible,
and adaptable design principles. The insight between problem and possibility
needs to include universal, accessible, and adaptable design alternatives.

The definition of design put forth above covers not just engineering
design, but design in its broadest sense. Within this broad conceptual cate-
gory called 

 

design

 

, more narrowly defined subcategories exist. Three such
subcategories—universal design, accessible design, and adaptable design—
will be considered in more detail. 

 

Universal design 

 

Universal design can be defined as the design of entities that can
be used and experienced by people of all abilities, to the greatest
extent possible, without adaptations.

The above definition is a slight modification of the definition provided by
the Center for Accessible Housing [4]. The modified definition uses the term
“entity” instead of “products and environments” so as to convey a broader
sense of application. Buildings [5], workplaces [6–8], products [9, 10], ser-
vices [9], and both educational activities and materials [11] can all be uni-
versally designed. Curb cuts are the prototypical example of universal
design. People in wheelchairs use curb cuts, but so do bike riders, skate
boarders, and people pushing baby strollers. If universal design is properly
conceived and implemented, it is not noticeable because it simply works.

The definition of universal design includes the notions of usability and
accessibility. Usability and accessibility are not the same. Usability is multi-
faceted [12]. Typically, usability is expressed by five attributes [12]. First, the
system should be easy to learn with users being able to quickly get started.
Second, the system should be efficient in that once learned, the user can be
productive. Third, the system should be easy to remember so that the casual
user can return to the system after a short absence and use it without
relearning. Fourth, the system should have a low error rate; that is, users
should make few errors during use and easily recover from any errors that
are made. Also, catastrophic errors must not occur. Finally, the system should
be pleasant to use so that users are subjectively satisfied when they use it;
that is, they like it. Implied in this expression of usability is that the system
is accessible; that is, the user can physically access the system.
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Usability and accessibility are related but different attributes of an entity
(product or service). Usability implies accessibility in that if the user cannot
physically access the system, then the system is, by default, not usable. Yet
accessibility does not imply usability. For example, a person may be able to
physically access a computer program, but it may be too difficult to learn
and thereby be unusable. 

 

Accessible design

 

Accessible design is the design of entities that satisfy specific legal
mandates, guidelines, or code requirements with the intent
of providing accessibility to the entities for individuals with dis-
abilities.

The above definition of accessible design focuses on the legal implications
of the term. The definition is an expansion of the 1991 Center for Accessible
Housing’s definition [13], which referred only to “code requirements.” As
the legal environment has evolved, it is necessary to reflect the legal changes
in the definition.

Accessible design derives its legal meaning from laws such as the Amer-
icans with Disabilities Act (ADA) [14], Section 255 of the Telecommunica-
tion’s Act of 1996 [15], and Section 508 amendments to the Workforce Invest-
ment Act of 1998 [16]. The Access Board has published accessibility
guidelines that provide specific design guidelines as related to each of the
three laws mentioned [17]. These laws also mention that products should be
compatible with assistive technology devices used by people with disabilities
or able to be modified so as to be rendered accessible.

A design feature may be technically in compliance with the law but still
be problematic. A blind mathematician reported that he has had to get down
on his knees in some public elevators in order to read the Braille writing on
the elevator controls. Because the controls were placed so low he could only
read the Braille upside down while standing upright or even bending over.
While being an ergonomically bad design, this also leads to a potentially
embarrassing and stigmatizing situation.

Note that systems may be designed so that they are not accessible, but
with specific modifications they can be made accessible to individuals with
specific disabilities. Such modifications are termed “accommodations” and
characterize the process of adaptable design.

 

Adaptable design

 

Adaptable design features are modifications made to standard
design for the purpose of making the design usable for an indi-
vidual, as needed [13].
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The above definition of adaptable design focuses on modifications made to
existing entities that make the entity accessible to people with disabilities.
Perhaps the most common example of adaptable design is van conversion
that provides wheelchair accessibility for drivers and/or passengers. The
vans are a standard design that is not wheelchair accessible; but after mod-
ifications are rendered, the vans are wheelchair accessible. The van accom-
modation is not required or mandated by any law, code, or guidelines; hence,
it is not considered accessible design.

Therefore, adaptable design differs from accessible design in that laws
do not mandate it, and it focuses on modifying an existing standard design.
Adaptable design is not universal design because universal design creates
products and services that are accessible and usable without adaptations.

 

The relationship of general design, universal design, and 
accessible design

 

The Venn diagram in Figure 2.1 illustrates the relationships among general
design, universal design, accessible design, and adaptable design. This dia-
gram is based on a similar diagram from Story [18], but differs from Story’s
diagram [18] in that universal design is not a subcategory of accessible
design. This difference derives from the legal requirements associated with
the definition of accessible design.

The rectangle labeled “Entities that are accessible” is explicitly used to
emphasize the fact that accessibility can be achieved by design strategies
from all design categories. If accessibility is achieved because it is mandated,
then it results from accessible design strategies. If accessibility is achieved

 

Figure 2.1

 

Venn diagram illustrating the relationship among general design, univer-
sal design, accessible design, and adaptable design.

Entities that are accessibleGeneral design

Universal design
Accessible design

Adaptable

design
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as a result of an accommodation, it is an adaptable design strategy. Acces-
sibility can also result from applying universal design principles.

 

Examples of entities from each design category

 

Universal design

 

1.

 

Adjustable seats, steering wheel, and floor pedals on cars and trucks

 

. The
collection of adjustable features enable people with very different
body sizes to use the car or truck. These adjustability features are not
required or mandated by laws or regulations.

2.

 

Automatic door openers

 

. The automatic door openers at malls, shop-
ping centers, and other public places are examples of universal design
if laws or codes do not mandate them.

 

Accessible design and universal design

 

1.

 

Curb cuts

 

. Curb cuts were designed to allow wheelchair users to
navigate and thereby have access to city streets and sidewalks, and
the amenities they afford such as access to public places, buildings,
shops, and restaurants. Curb cuts are mandated by ADA [14] and,
as such, are an example of accessible design. However, curb cuts are
used by people on roller blades, skateboards, bicycles, tricycles, peo-
ple pulling shopping carts, and people pushing strollers, and there-
fore provide an example of universal design. 

 

Accessible design

 

1.

 

The ADA Accessibility Guidelines for Buildings and Facilities

 

 (ADAAG;
http://www.access-board.gov/adaag/html/adaag.htm). The ADAAG
covers the construction and alteration of facilities in the private sector
(places of public accommodation and commercial facilities) and the
public sector (state and local government facilities). For example, Sec-
tion 4.9 deals with stairs. Section 4.9.2 deals specifically with treads and
risers. It says that “[o]n any given flight of stairs, all steps shall have
uniform riser heights and uniform tread widths. Stair treads shall be
no less than 11 in. (280 mm) wide, measured from riser to riser (see
Figure 18(a)). Open risers are not permitted.”

 

Adaptable design and accessible design

 

1.

 

Volume controls for attaching to telephones

 

. A volume control that at-
taches to a telephone is an example of an adaptable design that is
also accessible design. It is a modification made to a standard design
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for the purpose of making it accessible to persons who are
hard-of-hearing [18]. This design is accessible in that the Telecom-
munications Act of 1996, Section 255, requires telephones that do not
contain volume controls to be compatible with technologies like the
attachable volume control unit so as to be accessible for individuals
with hearing difficulties [15].

 

Adaptable, accessible, and universal design

 

1.

 

Ramps to an existing public building when renovated

 

: When an existing
public building undergoes major renovation, it may come under
ADA accessibility requirements. One such adaptation is the addition
of a wheelchair ramp. Ramps not only improve accessibility for peo-
ple in wheelchairs, but also improve accessibility for people pushing
strollers or pulling suitcases, or people with walkers. The ramps are
like curb cuts in that they improve accessibility for all users and hence
exemplify universal design. Ramps provided under the conditions
described above are accessible designs because they are mandated.
They are adaptable designs because they are added to a standard
design.

 

Adaptable design

 

1.

 

Dampers for vibration reduction on tennis racquets

 

. One can purchase a
variety of devices that fit around the strings of a tennis racquet near
the frame. These devices change the vibration patterns of the racquet.
If the undamped racquet produces a vibration pattern that causes
undue stress on a player’s elbow, it can result in “tennis elbow,”
which is a painful condition. The string damping device changes the
racquet’s vibration pattern so that it no longer places undue stress
on the player’s elbow and thereby avoids injury. The device is an
adaptation in that it is a modification to a standard product that
makes the racquet usable to an individual. For any given racquet,
the adaptation only works for people with certain arm characteristics
and not others; hence, it is not universal design. The device is neither
mandated nor does it provide accessibility to individuals with dis-
abilities; hence, it is not accessible design.

2.

 

Van conversions for wheelchair accessibility

 

. There is an active after-mar-
ket business that centers on modifying vans to be wheelchair acces-
sible for both the driver and passengers. This is adaptable design
because a standard product is being modified so that it is accessible
to individuals using a wheelchair. This is not an example of an entity
in the intersection of adaptable and accessible design because no law,
regulation, or code mandates van conversions.
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Universal design in a global market

 

A 2002 report by the European Commission’s Directorate—General Educa-
tion and Culture, entitled 

 

Teaching Universal Design: Global Examples of Projects
and Models for Teaching in Universal Design at Schools of Design and Architecture

 

,
summarizes universal design teaching activities in nine countries from
Europe and Asia, and Australia and the United States [19]. It is clear that
universal design takes on different meanings, depending on the economic
development of a country. In the United States, Europe, and other econom-
ically developed countries, universal design is being driven by the desire to
be more inclusive in particular with respect to people with disabilities. In
underdeveloped countries, a major driver is the need is to use local materials
and resources to develop products, services, and jobs that will sustain and
help the local population to develop economically and educationally.

An example of the application of universal design in an underdeveloped
country is the Freeplay radio [20], which was invented by Trevor Bayliss so
that people living in southern Africa, who had little or no access to indepen-
dent news and could not afford expensive radio equipment, could have
access to independent news and public information. Bayliss invented an
inexpensive wind-up radio that did not require batteries or a main power
outlet. President Nelson Mandela invited him to set up a manufacturing
plant in South Africa where the units are still being made. Figure 2.2 shows
three different Freeplay radio models.

As evidenced by the three Freeplay models, the product not only serves
the local target population, but also has evolved into a line of products that
have become very popular with campers, hikers, and people who find them-
selves in isolated places without power or batteries. 

 

(a) Eyemax

 

Figure 2.2

 

Three models of the Freeplay radio. The original Freeplay targeted people
who could not afford a radio or did not have access to electrical power. Now, Freeplay
has radios for a much broader market, including hikers and campers.
Figure 2.2 (a) Eyemax Figure 2.2 (b) Devo Figure 2.2 (c) Black.
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Conclusion

 

Design is the thought process comprising the creation of an entity. When
conceptualizing the “problem and possibilities” from a universal design
perspective, the possibilities include an entity that can be used and experi-
enced by people of all abilities, to the greatest extent possible without adap-
tations. When approaching the same problem from an accessible design
perspective, the possibilities will focus on how to satisfy legal mandates,
guidelines, or codes to ensure accessibility. From an adaptable design per-
spective, the possibilities involve modifying or accommodating a standard
design for the purpose of making it usable for an individual with a disability.

Highly competitive global markets and evolving accessibility legislation
require corporations to maximize the market potential of their products and
services while addressing the needs of individuals with disabilities. These
dual forces require that designers understand and utilize different design

 

(b) Devo

 

Figure 2.2

 

(Continued)

 

(c) Black

 

Figure 2.2

 

(Continued)
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perspectives. During the design thought process, designers should include
a deliberate discussion and analysis of which design approach will be used
to address the specified problem. Forgoing such deliberations could be
very costly to a corporation in terms of lost market share, and possible
litigation associated with a failure to comply with mandated accessibility
requirements.

The European Concept for Accessibility Network makes the case for
equating universal design with good design. In discussing diversity in the
years 2000 and beyond, they urge Europeans to “no longer talk about the
specific needs of certain categories of people, but talk about human func-
tioning. We should look at every aspect of human functioning, without
categorizing. … Accessibility will lose its stigma and become a mainstream
issue. We won’t need terms like Design for All or Universal Design anymore.
We will only refer to good design and bad design” [21].
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section two

 

Disability, laws, and accessible 
design

 

Section goals:

 

• Define disability within the context of three different conceptual
models of disability: the medical model, the social model, and the
systems model.

• Show how each conceptual model of disability has led to different
design strategies and laws governing and mandating disability.

• Present the relationships between environmental factors and disabil-
ity.

• Present the World Health Organization’s new International Classifi-
cation of Functioning, Disability, and Health as the basis for the
book’s conceptual model of disability.

• Present the major laws that have and continue to define accessible
design in the United States.

• Introduce the Access Board and the collection of accessible design
guidelines and training materials that, in essence, define accessible
design in the United States.

• Introduce the Accessibility Forum and the resources and services it
provides to businesses with respect to the compliance of accessible
design requirements.

 

Scope of the discussion

 

Society’s conceptualization of disability is perhaps the major motivating
factor for society’s laws governing accessibility and the treatment of people
with disabilities. Society’s conceptualization of disability influences the lan-
guage used, and the balance between ethical and economic considerations
found in its accessibility and disability laws. Section I began with an example
of a person who is blind working as a telemarketer and served to demon-
strate the connections between environmental factors (technology) and a
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person’s ability to function in that environment. Figure 1.1 illustrated this
dynamic linkage between technology and disability, but expands the picture
by including global competition, and laws, ethics, and values. Chapter 3
explores in more detail the cumulative effect of such linkages in redefining
what it means to be disabled. Society’s definitions of normalcy change to
reflect the availability and utilization of enabling and assistive technologies.
The success of the enabling and assistive technologies to reduce disabling
conditions, the new expectations of normalcy, and new laws mandating
accessibility combine to influence the design process, challenging designers
to design new technologies that outperform existing technologies.

Chapter 4 presents accessible design as a legally mandated activity. The
chapter starts with a description of the Access Board. The Access Board is
charged with developing and maintaining accessibility requirements as
derived from federal laws, providing technical assistance and training on
the guidelines and standards, and enforcing accessibility standards as pre-
scribed by the law. To fully understand and appreciate accessible design, it
is necessary to know about the Access Board and its functions.

Chapter 4 then provides a summary of the major U.S. laws dealing with
accessibility and accessible design. Examples are provided showing the
breadth and depth of these laws. These examples are also used to illustrate
specific accessible design requirements and strategies.

Chapter 4 discusses and presents examples of the technical support and
training provided by the Access Board. These are, in essence, very detailed
and specific training and support materials for accessible design. Through
its technical training and support functions, the Access Board is providing
some of the best educational materials on accessible design. It behooves
engineers and designers to take advantage of these excellent materials.

Chapter 4 concludes with a review of some of the international efforts
on accessibility and accessible design. The United States is not alone in
passing laws and developing accessibility standards. In a very pragmatic
way, what the Access Board is presenting on accessible design is consistent
with and required in much of the developed world.
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chapter three

 

Disability and design

 

Chapter goals: 

 

• Present a definition of disability.
• Present a conceptual model of disability that will be used throughout

this book.
• Demonstrate how a conceptual model and definition can influence

the design process.
• Discuss the implications for accessible and universal design.

 

Conceptual models

 

As society’s conceptual model of disability has changed, corresponding
changes in the laws regarding the disabled, their rights, and definitions of
accessibility have occurred. Federal laws now mandate the accessibility of
various products, facilities, and services. As these societal changes occur, the
role of universal design becomes more prominent.

Conceptual models are formulations about system elements and the
relationship between these elements that help people think about complex
systems. For example, students can develop a conceptual model of how
water can damage bridges during cold winters. Freezing rain or water
formed from melting ice and snow may collect in cracks in concrete bridges.
When the temperature drops below freezing and the collected water starts
to freeze, the freezing water expands, increasing in volume. The freezing
and expanding water exert a force on the concrete and expand the size of
the crack. During the next thaw, more water can get into the crack; and when
this water freezes, it expands the crack even further. This process eventually
causes structural damage to the bridge.

This conceptual model contains the following specified system elements:
water, concrete, cracks, temperature, and some interactions among these
system elements. While this representation is incomplete based on partial
knowledge, it allows students to think about the system elements and
how they interact to cause structural damage. The results of this conceptual
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analysis are not quantitative, but rather qualitative. It has been said that the
results of an analysis using conceptual models“ are like an out-of-focus
picture that partially reveals relationships” [1]. Engineers often use concep-
tual models for building hypotheses that can then be tested experimentally.
As new knowledge and understanding are acquired, old conceptual models
give way to newer versions.

Many conceptual models have been developed about disability, people,
environments, social policy, and a host of related system elements. While
such knowledge may be incomplete, designers can still use such conceptual
models to think about interactions among the system elements and gain
valuable insights.

 

Definition of disability

 

This book uses the definition of disability as found in the World Health
Organization’s new International Classification of Functioning and Disabil-
ity (WHO-ICF) [2].

Disability is characterized as the outcome or result of a complex
relationship between an individual’s health condition and per-
sonal factors, and of the external factors that represent the cir-
cumstances in which the individual lives [3, p. 17].

Disability is seen as an outcome of a relationship between the person
and the environment. For example, if a person requires a wheelchair for
mobility and entry into a building requires ascending steps, and no elevator
or ramp exists, then the person in the wheelchair is disabled. If the building
has a ramp and elevators, then the environment presents no barriers and
the person is not disabled in that context. Likewise, if an office worker, who
is blind, has technology at work such as a text-to-Braille printing system,
text-to-voice software on her computer, a screen reader such as Jaws

 

©

 

 or
IBM’s Home Page Reader

 

©

 

, and such technology allows her to perform her
job as effectively and efficiently as a non-blind co-worker, then she is not
disabled with respect to her work environment. 

Figure 3.1 illustrates the major dimensions of the ICF classification and
how they interact. For any person, his or her overall health condition and
personal factors such as age, gender, education, religion, etc., will influence
how he or she is able to function in any given context or environment. A
person’s body function and body structure are also essential elements. Body
functions include memory; sensory functions (vision, hearing, taste, smell,
touch); and cardiovascular, immunological, and respiratory functioning.
Body structures include structures of the nervous system, eyes, ears, arms,
hands, legs, toes, skin, digestive, and endocrine systems. It should be noted
that while poor health (for example, cancer or diabetes) might imply a
functional and/or structural problem, the converse is not generally true. For
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example, a person can be in good health and yet not be able to hear (function)
because of an accident that damaged the eardrum (structure).

Activities and participation are essential elements of the ICF conceptual
model. The two examples provided above describe two types of activities:
getting into a building and office work. A person’s level of participation
depends on the environment. For the person in a wheelchair, no ramp or
elevator (environmental factors) denies participation in activities that take
place within the building. If the person’s wheelchair (environmental factor)
broke and was being repaired and he had no way to get another wheelchair,
then his choice of activities and ability to participate would be severely
limited.

For the office worker, the assistive technology in the work environment
allows participation in a variety of work activities. If there were no assistive
technology devices in the workplace, a person who is blind might be so
disabled that participation in work activities is prohibited.

Focusing on the relationship between disability and environmental fac-
tors the ICF makes the following statement:

Environmental factors interact with the components of Body
Functions and Structures and Activities and Participation. …
Disability is characterized as the outcome or result of a complex
relationship between an individual’s health condition and
personal factors, and of the external factors that represent the

 

Figure 3.1

 

Diagrammatic representation of the WHO-ICF. A person functions (activ-
ities and participation) within an environment. The Person is characterized by his or
her body function and body structure. The items designated by the dashed boxes
are not explicitly covered within the WHO-ICF.

Environmental factors:

Person:

Health condition

(disorder or disease)

Body function

and body structure

Activities

and participation
Personal

factors
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circumstances in which the individual lives. Because of this rela-
tionship, different environments may have a very different impact
on the same individual with a given health condition. An envi-
ronment with barriers, or without facilitators, will restrict the
individual’s performance; other environments that are more fa-
cilitating may increase that performance. Society may hinder an
individual’s performance because either it creates barriers (e.g.,
inaccessible buildings) or does not provide facilitators (e.g., un-
availability of assistive devices) [3, p. 17].

Environmental factors are very important from a design perspective; they
are the things engineers design and, as demonstrated in the previous examples,
environmental factors can be enabling or disabling. How engineers view
human functioning and disability is critical to how they approach the design
process. The WHO-ICF conceptual model and associated definition was chosen
for this book because it explicitly includes environmental factors.

 

Enabling and disabling environmental factors

 

If an activity places excessively high functional demands on a person, then
the person is disabled relative to those demands. For example, if a typical
person is asked to drive a large truck that has no power steering, no power
brakes, and a manual gear shift, that person probably could not do the job.
Supplying the truck with power steering, power brakes, and an automatic
gear shift allows most people to drive the truck. The power steering, power
brakes, and automatic gear shift are environmental enablers because they
enable a person’s functional capability (ability to participate) for driving a
truck (activity).

A replacement hip joint, eyeglasses, hearing aids, artificial hearts, pros-
thetic limbs, or orthotic devices such as knee or wrist braces, are also envi-
ronmental enablers. These enablers work to restore a person’s functional
capabilities, that is, functional restoration. Functional restoration can also
come about through exercise, training, and physical or occupational therapy.

From a design point-of-view, one does not want to design devices, prod-
ucts, or services that are disabling because the design prevents people from
participating in an activity.

 

Design implications associated with the WHO-ICF 
conceptual model

 

The WHO-ICF model is an integration of two earlier conceptual models of
disability: (1) the medical model and (2) the social model. Each of these
models influenced laws and social policy, thereby influencing how engineers
and designers approached designing products and services for people with
disabilities.
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Medical model

 

In the medical model, disability is viewed as a problem of the person caused
by injury, disease, or some other health condition; the disability is treated
by fixing the person, correcting the deficit. Physicians, physical and occupa-
tional therapists, or other rehabilitation service providers provide treatment.
Management of disability is targeted at curing the person or at therapy that
helps the person adjust to his or her disability. At the political level, the
objective is to modify or reform health care policy so as to be more responsive
to individual needs [1, 3, 4]. The 1980 International Classification of Impair-
ments, Disabilities, and Handicaps (ICIDH), by the World Health Organiza-
tion [5] exemplifies the medical model. Table 3.1 shows the major elements
of the 1980 model. 

 

Social model

 

The social model sees disability as a socially created problem with its central
focus being the full integration of individuals into society. The social model
has grown out of the disabilities rights movement. In 1976, the Union of the
Physically Impaired against Segregation (UPIAS) published the

 

 Fundamental
Principles of Disability

 

. This is one of the earliest and clearest articulations of
the fundamental principles of what has come to be known as the social
model:

…disability is a situation, caused by social conditions, which re-
quires for its elimination, (a) that no one aspect such as incomes,
mobility or institutions is treated in isolation, (b) that disabled
people should, with the advice and help of others, assume control
over their own lives, and (c) that professionals, experts and others
who seek to help must be committed to promoting such control
by disabled people [6]. 

 

Table 3.1

 

The 1980 International Classification of Impairments, Disabilities, and 

 

Handicaps by the World Health Organization

 

1980 ICIDH
Disease

 

: Something abnormal within the individual; etiology gives rise to change 
in structure and functioning of the body.

 

Impairment

 

: Any loss or abnormality of psychological, physiological, or 
anatomical structure or function at the organ level.

 

Disability

 

: Any restriction or lack (resulting from an impairment) of ability to 
perform an activity in the manner or range considered normal for a human being.

 

Handicap

 

: A disadvantage resulting from an impairment or disability that limits 
or prevents fulfillment of a normal role, depending on age, sex, and sociocultural 
factors.

 

Source:

 

 From WHO, International Classification of Impairments, Disabilities, and Handicaps,
World Health Organization, Geneva, Switzerland, 1980.
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Systems model

 

The WHO-ICF model embodies elements of what can be called a systems
model of disability. The systems model sees disability as a broadly based
distributed phenomenon with its central focus that of maximizing an indi-
vidual’s functional capabilities within a spectrum of environmental condi-
tions. The systems model integrates elements from both the medical and
social models.

For the systems model, as with the medical model, there is a focus on
the person; but drawing from the social model, the person is an active agent
rather than a passive agent for whom and to whom things are done. In the
systems model, people must assume responsibility for those elements over
which they can exercise some control (for example, lifestyle, diet, exercise,
and utilization of the resources available to them in their respective envi-
ronmental conditions). These environmental resources include schools, clin-
ics, businesses, transportation, social services, and insurance. Cultural and
societal actions are concurrently required to ensure the availability and acces-
sibility of the resources and opportunities necessary for an individual to
maximize his or her functional capabilities within a given environment.

In the systems model, as with the social model, disability is not seen as
an attribute just of the person, but rather brought about by a complex set of
interactions with the environment. Environment is characterized by every-
thing outside the person. This includes the physical environment and its
components the natural and built environments, and also the cultural and
social environments with all their associated components. From this perspec-
tive, the management of disability requires harmonious actions from both
the person and the environment. Political actions therefore focus on ensuring
the accessibility of resources and the removal of barriers, but also on pro-
moting a variety of alternatives for personal actions and personal choices.

 

Accessible design, universal design, and conceptual models 
of disability

 

The medical model, social model, and systems model of disability suggest
different roles and emphasis on design and the design process. The medical
model views disability as a problem of the person and, as such, the notions
of accessible and universal design are not relevant because these design
approaches cannot restore the person’s functional ability. The medical
model’s engineer would emphasize designing and developing prosthetics
and orthotics that can directly restore a person’s limited or lost functionality.
Advances in bioengineering, materials, and nano-technologies are bringing
about a resurgence in prosthetic and orthotic research, design, and develop-
ment. However, these new engineering efforts in functional restoration will
be part of a broader-based philosophy that emphasizes a spectrum of
enabling activities.
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Social models recognize the importance of the environment in defining
disability. The various social models advocate using universal design to
reduce or remove accessibility barriers. Laws that emerged under the influ-
ence of social models mandate the accessibility of facilities [7], products, and
services [8, 9]. In many cases, the laws mandate the use of accessible design
principles by providing specific design guidelines in the body of the law
and/or require the development of accessibility guidelines for designers
[8–10].

The systems model is similar to the social model in its advocacy of
accessible design. However, the systems model places a stronger emphasis
on using universal design. Universal design is seen as a way to increase
accessibility for everyone. The systems model emphasizes the delivery of
more accessible products from all segments of the economy, even those not
driven by the legal requirements for accessibility. For example, the aging
baby boomers are and will be demanding more accessible products and
services. Also, the demands of global markets and an incredibly diverse
consumer base require an increased use of universal design.

The evolution toward the systems model has elevated the importance
of accessible and universal design as tools to reduce disability induced by
the physical environment. Elements of the social environment, laws, public
policy, public opinion, values, and market forces are combining to require
or encourage utilizing accessible and universal design strategies. This is
evidenced by the language used to describe the basic premise of the 

 

New
Freedom Initiative

 

: “Assistive and universally designed technology offers peo-
ple with disabilities better access than ever before to education, the work-
place, and community life” [11].

 

Conceptual model for this book

 

The World Health Organization’s ICF will be used as the conceptual model
of disability for this book [3]. Disability will be seen “as the outcome or result
of a complex relationship between an individual’s health condition and
personal factors, and of the external factors that represent the circumstances
in which the individual lives” [3, p. 17].

This conceptualization and definition have significant implications with
respect to the design of entities because they force designers to constantly
inquire as to the enabling or disabling pressures inherent in the emerging
entity.
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chapter four

 

Accessible design

 

Chapter goals:

 

• Inform the reader of the Access Board and its responsibilities.
• Present the major laws mandating the accessibility of buildings, fa-

cilities, transportation systems, telecommunication products and ser-
vices, and electronic and information technology.

• Relate the laws and Access Board functioning to accessible design.
• Inform the reader of the training and educational resources distrib-

uted by the Access Board.
• Inform the reader of the Accessibility Forum and its resources and

activities.

 

Access Board

 

The Access Board creates and publishes accessibility guidelines and stan-
dards mandated in various laws. These guidelines and legally mandated
standards are, in practice, a statement of accessible design strategies and
methods. Because of this, the Access Board is the focal point for information,
training, and enforcement of accessibility-related issues. Knowledge of the
Access Board, its duties and responsibilities, but more importantly its
resources, is critical for engineers, designers, managers, and policy makers.

Section 502 of the Rehabilitation Act of 1973 created the Architectural
and Transportation Barriers Compliance Board, which has come to be called,
more simply, the Access Board or Board. At its creation, the Access Board
was charged with ensuring federal agency compliance with the Architectural
Barriers Act (ABA) of 1968

 

 

 

and proposing solutions to the environmental
barriers and problems addressed in the ABA. Recent legislation such as the
Americans with Disabilities Act (ADA), the Telecommunications Act of 1996,
and Section 508 of the Rehabilitation Act have all required the Access Board
to provide accessibility guidelines and training to help government and
businesses comply with the mandated accessibility requirements.
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The Access Board is an independent federal agency dealing with acces-
sibility for people with disabilities. Key responsibilities of the Board include
[1]:

• Developing and maintaining accessibility requirements for the built
environment, transit vehicles, telecommunications equipment, and
for electronic and information technology

• Providing technical assistance and training on these guidelines and
standards

• Enforcing accessibility standards for federally funded facilities

The Access Board has a staff of about 30 people and a governing board
of representatives from 12 federal departments. These are:

1. Department of Health and Human Services
2. Department of Transportation
3. Department of Housing and Urban Development
4. Department of Labor
5. Department of the Interior
6. Department of Defense
7. Department of Justice
8. General Services Administration
9. Department of Veterans Affairs

10. United States Postal Service
11. Department of Education
12. Department of Commerce

The governing board also has 13 public members appointed by the president
of the United States, the majority of which are individuals with disabilities
[2].

The Access Board is charged with training designers about accessibility
laws and guidelines and providing technical assistance in applying these
guidelines [3]. The Access Board conducts training sessions at sites across
the country. The training sessions are typically customized to the needs of
the audience. In a typical year, the Board conducts about 75 training sessions,
reaching about 9000 people, in about half the states [4]. The Board posts its
training schedule on its training website; see http://www.access-board.gov/
research&training/Training.htm for the current schedule.

The first priority of the Access Board is to develop and maintain acces-
sibility guidelines pursuant to federal laws mandating accessibility. Table 4.1
summarizes some of the currently available Access Board published guide-
lines. The major laws mandating accessibility and the creation of these guide-
lines are discussed next. 
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Table 4.1

 

Access Board Published Guidelines and Standards 

Guideline or standard Description of material covered

 

1. Uniform Federal 
Accessibility Standards 
(UFAS)

This document sets standards for facility accessibility by physically handicapped persons for federal and 
federally-funded facilities. These standards are to be applied during the design, construction, and 
alteration of buildings and facilities to the extent required by the Architectural Barriers Act of 1968, as 
amended.

2. ADA Accessibility 
Guidelines (ADAAG)

This document contains scoping and technical requirements for accessibility to buildings and facilities 
by individuals with disabilities under the Americans with Disabilities Act (ADA) of 1990. These scoping 
and technical requirements are to be applied during the design, construction, and alteration of buildings 
and facilities covered by Titles II and III of the ADA to the extent required by regulations issued by 
federal agencies, including the Department of Justice and the Department of Transportation, under the 
ADA.

3. State and Local 
Government Facilities: 
ADAAG Amendments

The Architectural and Transportation Barriers Compliance Board (Access Board) is issuing final guidelines 
to provide additional guidance to the Department of Justice and the Department of Transportation in 
establishing accessibility standards for new construction and alterations of state and local government 
facilities covered by Title II of the Americans with Disabilities Act (ADA) of 1990. The guidelines will 
ensure that newly constructed and altered state and local government facilities are readily accessible to 
and usable by individuals with disabilities in terms of architecture, design, and communication. The 
standards established by the Department of Justice and the Department of Transportation must be 
consistent with the guidelines.

4. Building Elements for 
Children: ADAAG 
Amendments

The Architectural and Transportation Barriers Compliance Board (Access Board) is issuing final guidelines 
to provide additional guidance to the Department of Justice and the Department of Transportation in 
establishing alternate specifications for building elements designed for use by children. These 
specifications are based on children’s dimensions and anthropometrics and apply to building elements 
designed specifically for use by children ages 12 and younger. This rule ensures that newly constructed 
and altered facilities covered by Titles II and III of the Americans with Disabilities Act of 1990 are readily 
accessible to and usable by children with disabilities. The standards established by the Department of 
Justice and the Department of Transportation must be consistent with these guidelines.
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Table 4.1

 

Access Board Published Guidelines and Standards (Continued)

Guideline or standard Description of material covered

 

5. Play Areas: ADAAG 
Amendments

The Architectural and Transportation Barriers Compliance Board (Access Board) is issuing final 
accessibility guidelines to serve as the basis for standards to be adopted by the Department of Justice 
for new construction and alterations of play areas covered by the Americans with Disabilities Act (ADA). 
The guidelines include scoping and technical provisions for ground level and elevated play components, 
accessible routes, ramps and transfer systems, ground surfaces, and soft contained play structures. The 
guidelines will ensure that newly constructed and altered play areas meet the requirements of the ADA 
and are readily accessible to and usable by individuals with disabilities. The Department of Justice must 
adopt the guidelines as standards for them to be enforceable under the ADA.

6. Recreation Facilities: 
ADAAG Amendments

The Architectural and Transportation Barriers Compliance Board (Access Board) is issuing final 
accessibility guidelines to serve as the basis for standards to be adopted by the Department of Justice 
for new construction and alterations of recreation facilities covered by the Americans with Disabilities 
Act (ADA). The guidelines include scoping and technical provisions for amusement rides, boating 
facilities, fishing piers and platforms, golf courses, miniature golf, sports facilities, and swimming pools 
and spas. The guidelines will ensure that newly constructed and altered recreation facilities meet the 
requirements of the ADA and are readily accessible to and usable by individuals with disabilities.

7. ADA Accessibility 
Guidelines for 
Transportation Vehicles

This part provides minimum guidelines and requirements for accessibility standards to be issued by the 
Department of Transportation in 49 CFR part 37 for transportation vehicles required to be accessible by 
the Americans with Disabilities Act (ADA) of 1990, 42 U.S.C. 12101 

 

et seq.

 

8. Over-the-Road Buses: 
ADA Accessibility 
Guideline 
Amendments

The Architectural and Transportation Barriers Compliance Board and the Department of Transportation 
amend the accessibility guidelines and standards under the Americans with Disabilities Act for 
over-the-road buses (OTRBs) to include scoping and technical provisions for lifts, ramps, wheelchair 
securement devices, and moveable aisle armrests. Revisions to the specifications for doors and lighting 
are also adopted. The specifications describe the design features that an OTRB must have to be readily 
accessible to and usable by persons who use wheelchairs or other mobility aids. The Department of 
Transportation has published a separate rule elsewhere in today’s 

 

Federal Register

 

 which addresses when 
OTRB operators are required to comply with the specifications.
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9. Telecommunications 
Act Accessibility 
Guidelines

The Architectural and Transportation Barriers Compliance Board (Access Board or Board) is issuing final 
guidelines for accessibility, usability, and compatibility of telecommunications equipment and customer 
premises equipment covered by Section 255 of the Telecommunications Act of 1996. The Act requires 
manufacturers of telecommunications equipment and customer premises equipment to ensure that the 
equipment is designed, developed, and fabricated to be accessible to and usable by individuals with 
disabilities, if readily achievable. When it is not readily achievable to make the equipment accessible, 
the Act requires manufacturers to ensure that the equipment is compatible with existing peripheral 
devices or specialized customer premises equipment commonly used by individuals with disabilities 
to achieve access, if readily achievable.

10. Final Standards for 
Electronic & 
Information 
Technology

The Architectural and Transportation Barriers Compliance Board (Access Board) is issuing final 
accessibility standards for electronic and information technology covered by Section 508 of the 
Rehabilitation Act Amendments of 1998. Section 508 requires the Access Board to publish standards 
setting forth a definition of electronic and information technology and the technical and functional 
performance criteria necessary for such technology to comply with Section 508. Section 508 requires 
that when federal agencies develop, procure, maintain, or use electronic and information technology, 
they shall ensure that the electronic and information technology allows federal employees with 
disabilities to have access to and use of information and data that is comparable to the access to and 
use of information and data by federal employees who are not individuals with disabilities, unless an 
undue burden would be imposed on the agency. Section 508 also requires that individuals with 
disabilities, who are members of the public seeking information or services from a federal agency, have 
access to and use of information and data that is comparable to that provided to the public who are 
not individuals with disabilities, unless an undue burden would be imposed on the agency.

 

Source:

 

 See http://www.access-board.gov/indexes/pubsindex.htm.
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Laws and accessibility

 

The laws are presented in chronological order and as such will reveal the
evolution, in terms of public thoughts and values, of society’s conception of
disability. Reference is made to the various conceptual models of disability
discussed in Chapter 3 and the relationship to universal and accessible
design also is presented.

 

Architectural Barriers Act (ABA) of 1968 as amended 42 U.S.C.
§ 4151 et seq.

 

The ABA requires that facilities built, altered, or leased with federal funds
are accessible to individuals with disabilities; this is one of the first efforts
by Congress to ensure access to the built environment. The ABA is a mile-
stone in that it recognizes the disabling features of the environment and
seeks to ensure that future federal facilities remove accessibility barriers.

The 1978 amendments to Section 502 of the Rehabilitation Act of 1973
(29 U.S.C. § 792) authorized the Board to establish minimum accessibility
guidelines under the ABA and to ensure compliance with the requirements.
The Board was directed to provide technical assistance and provide help on
the removal of barriers including, for the first time, communication barriers
in federally funded buildings and facilities. For the first time the Board was
also directed to provide technical assistance to private entities to the extent
practicable.

In compliance with this law, the Board has prepared and published the
Uniform Federal Accessibility Standards (UFAS) (see item 1, Table 4.1). The
UFAS sets standards for facility accessibility by physically handicapped
persons for federal and federally funded facilities [5]. These standards should
be applied during the design, construction, and alteration of buildings and
facilities to the extent required by the ABA. These standards specify what
accessible design means relative to the ABA.

 

1990 Americans with Disabilities Act (ADA)

 

The ADA deals with accessibility in very broad terms, prohibiting discrim-
ination on the basis of disability in employment (Title I), state and local
government services and transportation (Title II), public accommodations
and commercial facilities (Title III), and telecommunications (Title IV) [6].
The ADA covers a wide range of disabilities, from physical conditions affect-
ing mobility, stamina, sight, hearing, and speech, to conditions such as emo-
tional illness and learning disorders.

 

Title I

 

Title I of the ADA covers a number of accessibility issues related to employ-
ment. The ADA prohibits employment discrimination against qualified indi-
viduals who have a disability. The ADA defines “a qualified individual with
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a disability” as one able to meet legitimate skill, experience, education, or
other requirements of employment and who can perform the “essential
functions” of the job with or without a “reasonable accommodation” [6]. The
law goes on to define “a reasonable accommodation” as any modification
or adjustment to a job or the work environment that will enable a qualified
applicant or employee with a disability to perform the essential functions of
the job [6].

A reasonable accommodation might be assistive technology and the
associated assistive technology service. An 

 

assistive technology device

 

 is
defined as “any item, piece of equipment, or product system that is used to
increase, maintain, or improve functional capabilities of individuals with
disabilities” [6]. An 

 

assistive technology service

 

 is defined as “any service that
directly assists an individual with a disability in the selection, acquisition,
or use of an assistive technology device” [6].

Title I views disability from a social model perspective in that the intent
is to assist the person either with a reasonable accommodation or assistive
technology. Both are environmental interventions aimed at helping the per-
son with the disability. A systems model perspective would encourage using
universal design strategies in the workplace; that is, use design principles
that reduce both the physical and cognitive demands of the job, thereby
making it safer for everybody, while improving quality and productivity for
all workers. Such an approach fundamentally changes the “essential func-
tions” of a job and thereby redefines a “reasonable accommodation” as well
as the capabilities required by a qualified applicant.

Erlandson has shown that using such universal design strategies in the
workplace does indeed address businesses’ need for improved quality and
productivity, while concurrently creating job opportunities for people with
disabilities [7–9]. One very dramatic example deals with the assembly of a
fuel filter clamp. The job consisted of placing adhesive back pads onto fuel
filter clamps with very little margin for error [7]. Non-disabled workers at
the company who manufactured the clamps could not produce assembled
clamps at the required productivity level. These workers were frustrated,
and management sought to outsource the assembly job.

A special education training workshop bid on and was awarded the fuel
filter clamp assembly job. The assembly fixture, used by workers at the
manufacturing company, was supplied to the workshop as an assembly aid.
This fixture allowed for placing the metal clamp on the supporting structure
in several orientations. Improper placement of the clamp increased the like-
lihood of improper placement of the rubber pad. Also, the metal clamps as
supplied by the manufacturer exhibited considerable variation. Hence, even
with the clamp placed in the proper orientation, movement of the clamp
hindered accurate placement of the sticky-backed pad. A visual inspection
was the only checking used to determine if the rubber pad was properly
placed. If the pad was not properly placed, it had to be removed and reap-
plied. This was a time-consuming task that severely limited daily production
rates. Staff and special education workers tried working with the supplied
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fixture and no one, non-impaired or cognitively impaired, could produce at
the required level. The original fixture design made it difficult for everyone
to perform this assembly without errors.

From a universal design point of view, the fixture promoted errors rather
than hindered them. The fixture introduced considerable variation into the
assembly process. While this inherent variation made it difficult for all work-
ers to perform the assembly task, it made it virtually impossible for the
workers having cognitive impairments. The high degree of variability and
error promotion features made any kind of standardized work procedure
impossible. The workers tried to avoid this task. They were not pleased with
their own work. They tried very hard to perform the task but the job process
itself was too much to overcome.

The fixture was redesigned using universal design principles to accom-
modate the variability of supplied blank clamps and yet still allow for
accurate placement of the pad. Data comparing production rates and error
rates for individuals with cognitive impairments between use of the old
fixture and the new showed that the production rate increased by about 80%
and the error rate dropped from above 50% to about 1%. These are dramatic
results. More significantly, a large number of individuals who could not
perform the assembly task with the old fixture were able to competently
perform the task with the new fixture [7]. The special education training
workshop retained the assembly contract as long as the fuel filter clamp was
produced. By applying universal design, the special education workers
exceeded specified quality and productivity requirements.

The redesigned clamp assembly fixture could not be considered a rea-
sonable accommodation or assistive technology under Title I of the ADA
because the fixture improved the job performance of all workers and was
not targeted solely at the cognitively impaired. Not being considered a
reasonable accommodation or assistive technology means that an employer
cannot receive tax credits or other tax-related inducements for hiring indi-
viduals with disabilities if universal design strategies were utilized as the
basis for creating jobs and hiring people with disabilities. The language of
the ADA, Title I, does not support a systems model conceptualization of
disability.

 

Titles II and III

 

Under Titles II and III, the ADA requires the Board to “issue guidelines to
ensure that buildings, facilities, and vehicles covered by the law are acces-
sible, in terms of architecture and design, transportation, and communica-
tion, to individuals with disabilities” [10]. These guidelines are called the
Americans with Disabilities Act Accessibility Guidelines (ADAAG). The
guidelines cover buildings, transportation (rail, air, buses, boats), building
elements for children, play areas, and recreational facilities. The guidelines
are very specific and detailed.

All the ADA-related guidelines (items 2 through 8 in Table 4.1) provide
both breadth and depth with respect to the range of factors considered and
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the detail with which the accessibility requirements are presented. Adher-
ence to these respective guidelines constitutes accessible design. Titles II and
III follow from a social model perspective. The intent is to remove existing
environmental barriers and not introduce new barriers with new designs
and construction.

The following examples are taken from 

 

ADA Accessibility Guidelines for
Buildings and Facilities (ADAAG). 

 

This document contains technical require-
ments for accessibility to buildings and facilities by individuals with disabil-
ities under the ADA. These technical requirements are to be applied during
the design, construction, and alteration of buildings and facilities covered
by Titles II and III of the ADA [11].

Section 4.1.3, “Accessible Buildings: New Construction,” deals with all
aspects of accessibility including such topics as doors, ramps, entrances,
parking spaces, water closets, toilets, alarms, signage, telephones, assembly
areas, automated teller machines, dressing and fitting rooms, saunas and
steam rooms, and benches.

Section 4.13 deals with doors. For example, 4.13.5 Clear Width: doorways
shall have a minimum clear opening of 32 in. (815 mm) with the door open
90

 

°

 

, measured between the face of the door and the opposite stop. Addition-
ally, 4.13.7 Two Doors in Series:

 

 

 

the minimum space between two hinged or
pivoted doors in series shall be 48 in. (1220 mm) plus the width of any door
swinging into the space. Doors in series shall swing either in the same
direction or away from the space between the doors. Section 4.13.11 specifies
the “Door Opening Force” for a variety of door types.

Section 4.15 deals with “Drinking Fountains and Water Coolers” and
covers such topics as the minimum number, spout height, spout location,
controls, and clearances. Section 4.17 deals with “Toilet Stalls,” the size and
arrangement, water closets (height, placement, location of toilet paper dis-
pensers, flush controls), toe clearance, doors, and grab bars.

Other facilities explicitly mentioned (by section number) in the ADAAG
[11] include:

5. Restaurants and cafeterias
6. Medical care facilities
7. Business, mercantile and civic
8. Libraries
9. Accessible transient lodging

10. Transportation facilities (rail, air, boats, buses)
11. Judicial, legislative, and regulatory facilities
12. Detention and correctional facilities
13. Residential housing
14. Public rights-of-way
15. Recreation facilities
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ADA and Web accessibility

 

The ADA also mandates that Americans of all capabilities can access gov-
ernment programs and services [12]. Services include information sources.
In the past, the need for accessible information was met with Braille texts,
large print, captioning, and other types of aids. With the introduction of the
World Wide Web and other telecommunications-related information sources,
however, many businesses and communities are falling short of meeting
their ADA obligations for accessibility [13].

Under the ADA, there are no Access Board guidelines for Web accessi-
bility. However, the World Wide Web Consortium (W3C [14]) has established
the Web Accessibility Initiative (W3C/WAI [15]), which has in turn created
and published Web accessibility guidelines [16]. The extent to which Web
accessibility is covered under Titles II and III of the ADA is still being worked
out in the courts [17]. Organizations such as colleges and universities that
are requiring students to use the Internet to register, turn in homework
assignments, etc., are subject not only to ADA requirements for accessibility,
but also other federal laws beyond the scope of this document [18].

The 1992 revision and reinstatement of the Rehabilitation Act supports
the ADA regarding information accessibility; it ensures that “individuals
with disabilities [are able to] produce information and data, and have access
to information and data, comparable to the information and data, and access,
respectively, of individuals who are not individuals with disabilities” [19].

 

Title IV

 

Title IV of the ADA covers telecommunications access for people with hear-
ing and speech disabilities [20]. Title IV requires telephone companies to
establish interstate and intrastate telecommunications relay services (TRS)
24 hours a day, 7 days a week. TRS enables callers with hearing and speech
disabilities who use text telephone (teletypewriter [TTY] or Telecommuni-
cations Device for the Deaf [TDDs]), and callers who use voice telephones,
to communicate with each other through a third-party communications
assistant. Title IV also requires closed captioning of federally funded public
service announcements.

The design implications for Title IV compliance fall onto the common
carriers (telephone companies) to ensure that their equipment (hardware
and software) and operating procedures support TRS and the TTY/TDD
signal protocols. Section 255 of the Telecommunications Act of 1996 man-
dates much more than Title IV in terms of accessibility requirements and
designing telecommunication products and services.

 

Telecommunication: Section 255, Telecommunications Act of 1996

 

Section 255 of the Telecommunications Act reinforced the right of a person
to information access with its focus on telephony. Section 255 stipulates that
a manufacturer of telecommunications equipment or customer premises
equipment “shall ensure that the equipment is designed, developed, and
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fabricated to be accessible to and usable by individuals with disabilities, if
readily achievable.” Telecommunications services (customer services such
as billing, trouble reports, information) shall also be accessible to and usable
by individuals with disabilities, if readily achievable [19]. The law goes on
to state that if rendering the equipment or service accessible is not readily
achievable, “a manufacturer or provider shall ensure that the equipment or
service is compatible with existing peripheral devices or specialized cus-
tomer premises equipment commonly used by individuals with disabilities
to achieve access, if readily achievable” [19].

Telecommunication products and services have become an essential ele-
ment of America’s infrastructure. Designing telecommunication products
and services are core areas in modern engineering educational programs.
Note that Section 255 explicitly mentions accessibility and usability. Acces-
sibility issues are not typically covered in any telecommunications or com-
munications courses. Usability concerns are generally covered in courses on
human factors, man-machine interfaces, and industrial design, but usability
is again typically from the non-disabled point of view.

Section 255 also mandates that accessibility and usability design con-
cepts and principles be applied throughout product design and fabrication.
This is a key element from industry’s perspective. The law and guidelines are
specifying a design approach that mandates applying both accessibility and
usability principles. Engineers, designers, and business administrators
need to be aware of these guidelines and their implementation. The follow-
ing section is unique because it covers product design, development, and
evaluation.

 

§ 1193.23 Product design, development and
evaluation

 

This section requires manufacturers to evaluate the accessibility,
usability, and compatibility of telecommunications equipment
and customer premises equipment and incorporate such evalua-
tion throughout product design, development, and fabrication, as
early and consistently as possible. Manufacturers must develop
a process to ensure that products are designed, developed and
fabricated to be accessible whenever it is readily achievable. Since
what is readily achievable will vary according to the stage of
development (i.e., some things will be readily achievable in the
design phase which may not be in later phases), barriers to ac-
cessibility and usability must be identified throughout product
design and development, from conceptualization to production.
Moreover, usability can be seriously affected even after produc-
tion, if information is not provided in an effective manner [21].

This section specifically mandates evaluating accessibility and usability
across the entire design and manufacturing process. Recall the discussion of
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the “thought process” in design. This law is mandating that the design
“thought process” explicitly includes accessibility and usability concerns;
that is, these must be explicitly considered when developing the connection
between “problem and possibility.” As noted previously, accessibility is spec-
ified by guidelines and standards. Accessibility is a matter of knowing and
following the guidelines and standards. Usability is another matter. Usability
is much more subtle and subjective. Combining accessibility and usability
is, in essence, specifying a universal design approach without calling it
universal design. This section of the guidelines mandates an ongoing eval-
uation of the quality of the design; this requirement is truly unique.

The following provides an example of how detailed the guidelines are.
This example deals with the control and mechanical functions associated
with telecommunication devices. The entire section is presented in an effort
to show the law’s level of detail and introduce some of the ergonomic,
perceptual, and cognitive issues that are covered by the universal design
principles and associated design strategies.

 

§ 1193.41 Input, control, and mechanical functions

 

Input, control, and mechanical functions shall be locatable, iden-
tifiable, and operable in accordance with each of the following,
assessed independently:

(a) Operable without vision. Provide at least one mode that
does not require user vision.

(b) Operable with low vision and limited or no hearing. Provide
at least one mode that permits operation by users with visual
acuity between 20/70 and 20/200, without relying on audio
output.

(c) Operable with little or no color perception. Provide at least
one mode that does not require user color perception.

(d) Operable without hearing. Provide at least one mode that
does not require user auditory perception.

(e) Operable with limited manual dexterity. Provide at least one
mode that does not require user fine motor control or simul-
taneous actions.

(f) Operable with limited reach and strength. Provide at least
one mode that is operable with user limited reach and
strength.

(g) Operable without time-dependent controls. Provide at least
one mode that does not require a response time. Alterna-
tively, a response time may be required if it can be by-passed
or adjusted by the user over a wide range.

(h) Operable without speech. Provide at least one mode that
does not require user speech.
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(i) Operable with limited cognitive skills. Provide at least one
mode that minimizes the cognitive, memory, language, and
learning skills required of the user [21].

The details provided in the law are, in fact, design strategies. Because
these are legally mandated, they represent accessible design strategies.
Designers must be aware of these requirements and acquire the knowledge
and skills necessary to effectively and economically address them in their
designs.

 

Compatibility

 

The law also mandates “compatibility.” Compatibility is an important acces-
sible and universal design concept. The basic idea of compatibility is simple:
designed entities should not render appropriate and associated assistive
technology inoperable and thereby raise barriers for individuals with impair-
ments. The following section is unique in that it defines compatibility with
respect to telecommunication products and services.

 

§ 1193.51 Compatibility

 

When required by Subpart B

 

 

 

of this part, telecommunications
equipment and customer premises equipment shall be compatible
with peripheral devices and specialized customer premises equip-
ment commonly used by individuals with disabilities to achieve
accessibility, and shall comply with the following provisions, as
applicable:

(a) External electronic access to all information and control
mechanisms. Information needed for the operation of prod-
ucts (including output, alerts, icons, online help, and docu-
mentation) shall be available in a standard electronic text
format on a cross-industry standard port and all input to
and control of a product shall allow for real time operation
by electronic text input into a cross-industry standard exter-
nal port and in cross-industry standard format. The cross-in-
dustry standard port shall not require manipulation of a
connector by the user.

(b) Connection point for external audio processing devices.
Products providing auditory output shall provide the audi-
tory signal at a standard signal level through an industry
standard connector.

(c) Compatibility of controls with prosthetics. Touchscreen and
touch-operated controls shall be operable without requiring
body contact or close body proximity.
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(d) TTY connectability. Products which provide a function al-
lowing voice communication and which do not themselves
provide a TTY functionality shall provide a standard
non-acoustic connection point for TTYs. It shall also be pos-
sible for the user to easily turn any microphone on and off
to allow the user to intermix speech with TTY use.

(e) TTY signal compatibility. Products, including those provid-
ing voice communication functionality, shall support use of
all cross-manufacturer non-proprietary standard signals
used by TTYs [21].

This example raises many design concerns. Most fundamentally, it
requires that both telecommunication product and service designers and
assistive technology designers be knowledgeable of what the other is doing.
Neither group of designers deliberately wants to create undue hardships for
the other group. However, serious debates ensue as to design responsibilities
and incurred costs.

Digital cell phone and hearing aid compatibility provides a most relevant
example. Section 255 requires compatibility: “new products shall not cause
interference to hearing technologies (including hearing aids, cochlear
implants, and assistive listening devices) of users or bystanders” [21]. On
July 10, 2003, the Federal Communications Commission (FCC) modified the
exemption for wireless phones under the Hearing Aid Compatibility Act of
1988. This means that wireless phone manufacturers and service providers
must make digital wireless phones accessible to individuals who use hearing
aids [22, 23]. Digital encoding and transmission of audio signals with very
high carrier frequencies cause many hearing aids to buzz due to these RF
transmissions [24–26]. A Motorola website on hearing aid interference pro-
vides a good description of the problem and also a collection of audio clips
illustrating various forms of interference [27].

Consumer groups petitioned the FCC (Federal Communications Com-
mission), stating the problem and asking the FCC to deal with this problem
so that people with hearing aids would have the same ability to use the new
digital technologies as everyone else [25]. In response, the FCC, in collabo-
ration with consumers, telephone companies, and hearing aid manufactur-
ers, contacted the American National Standards Institute (ANSI) to develop
a measurement standard for hearing aid cell phone compatibility [25]. ANSI
is a private, non-profit organization that administers and coordinates the
U.S. voluntary standardization and conformity assessment system [28].
ANSI standards cover virtually every product and service. In January 2001,
the ANSI C63.19 measurement standards were approved by ANSI [25].

While the ANSI C63.19 measurement standards lay out a standardized
method for assessing hearing aid/cell phone compatibility, they do not
address how this compatibility is to be achieved. In fact, the ANSI report
recognizes the tension that exists between the cell phone manufacturers and
the hearing aids manufacturers. Each side would like the other to design a
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product that deals with the interference problem [29]. Solutions to the inter-
ference problems are emerging in the form of new cell phone antenna designs
[30] and external devices such as the Motorola Hands-Free Neckloop acces-
sory [31].

Engineers designing telecommunication products and services should be
aware of these mandates and guidelines to ensure accessibility. While compa-
nies designing, manufacturing, and marketing telecommunications products
and services are knowledgeable of these laws, mandates, guidelines, and stan-
dards, very few — if any — engineering students are even aware of the existence
of the Section 255, Telecommunications Act of 1996 or the Access Board. This
represents a serious gap in most engineering curricula.

 

Electronic and information technology: Section 508 of the 
Rehabilitation Act Amendments of 1998

 

Section 508 specifies accessibility requirements for federal departments and
agencies that use electronic and information technology. Electronic and infor-
mation technology (E&IT) is defined as electronic technology that is used in
carrying out information activities, involving any form of information [32].

The following states Section 508’s mandates:

Section 508 requires the Access Board to publish standards setting
forth a definition of electronic and information technology and
the technical and functional performance criteria necessary for
such technology to comply with Section 508. Section 508 requires
that when Federal agencies develop, procure, maintain, or use
electronic and information technology, they shall ensure that the
electronic and information technology allows Federal employees
with disabilities to have access to and use of information and data
that is comparable to the access to and use of information and
data by Federal employees who are not individuals with disabil-
ities, unless an undue burden would be imposed on the agency.
Section 508 also requires that individuals with disabilities, who
are members of the public seeking information or services from
a Federal agency, have access to and use of information and data
that is comparable to that provided to the public who are not
individuals with disabilities, unless an undue burden would be
imposed on the agency [33].

The implications of Section 508 for businesses are significant. Anyone
designing E&IT products or services with the intention or hope of selling to
federal agencies must conform to the accessibility mandates and guidelines
of Section 508. In 1960, California was the first state to impose stringent
environmental emission control standards for automobiles. Automakers
responded by designing and building a “California car” that met the unique
environmental emissions requirements solely for California [34]. E&IT
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companies cannot economically build a “Federal Government” E&IT prod-
uct. The federal government is simply too big a customer. Hence, the impact
of Section 508 is being felt immediately and throughout all E&IT market
segments.

It is understood from Section 508 that electronic and information tech-
nology addresses a broader spectrum than Information Technology alone,
and includes the full breadth of the future information environment. Section
508’s intent is to ensure that government employees and the public have
access to the government’s information environment as it evolves. As spec-
ified, information activities include, but are not limited to, “the creation,
translation, duplication, serving, acquisition, manipulation, storage, man-
agement, movement, control, display, switching, interchange, transmission,
or reception of data or information” [32]. Furthermore, the evolving regula-
tions would require that the documentation (instructions, service, etc.) asso-
ciated with E&IT also be accessible and useable [32]. Finally, the E&IT should
not interfere with the assistive technology used daily by people with dis-
abilities [32].

The table of contents from the final regulations “Part 1194—Electronic
and Information Technology Accessibility Standards” [33] shows the breadth
and scope of the law, from software, to Web-based applications, to informa-
tion and documentation support. In addition, a section of the law mandates
specific “Functional Performance Criteria.” The law clearly defines E&IT in
the broadest terms.

The following shows the major subparts of Section 508. It lays out tech-
nical standards for E&IT [33]. Subpart C specifies functional performance
criteria. Subpart D provides accessibility guidelines for information, docu-
mentation, and support functions.

Subpart B—Technical Standards:
1194.21 Software applications and operating systems
1194.22 Web-based intranet and internet information and applica-

tions
1194.23 Telecommunications products
1194.24 Video and multimedia products
1194.25 Self contained, closed products
1194.26 Desktop and portable computers

Subpart C—Functional Performance Criteria:
1194.31 Functional performance criteria

Subpart D—Information, Documentation, and Support:
1194.41 Information, documentation, and support

With the exception of Subpart C, Functional Performance Criteria, the acces-
sibility standards follow from a social model and specify accessible design
methods. These standards may embody universal design elements but they
are basically intended to address the needs of people with disabilities and
not improve performance for all people.
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The subpart of Section 508 dealing with functional performance criteria
(§ 1194.31) is unique in that it mandates functional performance criteria with
respect to the accessibility of E&IT. This section is presented in full because
it lays out accessible design criteria and provides a context for the universal
design principles and design strategies to be presented in Section III.

 

Subpart C — Functional performance criteria

 

§ 1194.31 Functional performance criteria

 

(a) At least one mode of operation and information retrieval
that does not require user vision shall be provided, or sup-
port for assistive technology used by people who are blind
or visually impaired shall be provided.

(b) At least one mode of operation and information retrieval
that does not require visual acuity greater than 20/70 shall
be provided in audio and enlarged print output working
together or independently, or support for assistive technol-
ogy used by people who are visually impaired shall be pro-
vided.

(c) At least one mode of operation and information retrieval
that does not require user hearing shall be provided, or
support for assistive technology used by people who are
deaf or hard of hearing shall be provided.

(d) Where audio information is important for the use of a prod-
uct, at least one mode of operation and information retrieval
shall be provided in an enhanced auditory fashion, or sup-
port for assistive hearing devices shall be provided.

(e) At least one mode of operation and information retrieval
that does not require user speech shall be provided, or sup-
port for assistive technology used by people with disabilities
shall be provided.

(f) At least one mode of operation and information retrieval
that does not require fine motor control or simultaneous
actions and that is operable with limited reach and strength
shall be provided [33].

These criteria represent a major shift in legal language, and follow from
a systems model and embody key elements of universal design. The criteria
are in essence mandating a multimedia approach to design, an approach
that is multi-sensory in terms of both communicating with and controlling
an E&IT entity. Adherence to these functional performance criteria are in
essence adherence to some of the fundamental principles of universal design.

In summary, Section 508 is a complex law covering accessibility for all
current and future E&IT products and services purchased by the federal
government. The law has language reflecting both the social and systems
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conceptual models of disability. The law and associated guidelines and stan-
dards cover accessible design methods and strategies for E&IT entities. The
functional performance criteria subpart deviates from the language of the
remaining subsections and takes a much more holistic approach to accessi-
bility. Such an approach exemplifies universal design.

The impact of Section 508 is huge. Its influence is and will continue to
ripple through all segments of American society. The federal government is
such a large purchaser of E&IT that this law is, in practice, expanding the
accessibility of E&IT for everyone and in so doing is helping to redefine
society’s conception of disability. Section 508’s accessibility mandates for
E&IT are precisely the enabling environmental factors, discussed in the
WHO-ICF model of disability. The evolving E&IT will change what it means
to be disabled in jobs and other activities that utilize E&IT.

 

Access Board accessible design technical assistance

 

The Access Board provides technical assistance for implementing the accessi-
bility guidelines [35]. The technical assistance includes online tutorials, help in
producing Web-based tutorials, and design assistance for each of the guidelines.
The topical organization for the technical support documents follows a stan-
dardized format [36]. Table 4.2 illustrates the standardized format. 

Table 4.3 considers the Accessible Telecommunications Product Design
Tutorial, which covers § 1194.23, Telecommunications Products [36]. 

This example shows the structure and level of detail of the online tech-
nical assistance tutorial. Such support is available for all the Access Board
guidelines and standards [37]. These guidelines and technical assistance
tutorials provide the accessible design strategies that a designer can apply
to satisfy a specific accessibility requirement. It is important that designers
are aware of these technology assistance materials because they can save a
lot of time, energy, resources, and ultimately money.

 

Accessibility forum

 

Section 508 states that any E&IT provider to the federal government must
provide products and services that are in compliance with Section 508 man-
dates. The Government Service Administration (GSA) is responsible for fed-
eral government purchases and must ensure that the products and services
are in compliance with Section 508. The Accessibility Forum was created to
address the mutual concerns of buyers and sellers. The following is taken
from the Accessibility Forum website.

The Accessibility Forum began in May of 2001 as an ongoing
collaboration among stakeholders affected by Section 508 includ-
ing user, industry, government, and other communities. The Fo-
rum membership includes over 640 organizations from industry
(electronics, information technology, and assistive technology),
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associations for people with disabilities, the research community
(academia, research institutions, and standards groups), and gov-
ernment agencies. The General Services Administration (GSA)
has been the initial sponsor for the Forum.

The Accessibility Forum focuses on long-term solutions.
Projects were defined to produce results that assist government
in making informed decisions about Section 508 related procure-
ment. The Forum completed two projects for research on two high
priority sets of issues—Objective measures for assessing compli-
ance with the Access Board standard and AT/E&IT Interopera-
bility between assistive technology products and mainline
information technology products. The Forum also provides a
means for government, industry, and users to communicate on
issues and areas where further effort could enhance E&IT acces-
sibility.

GSA established a Forum Staff to carry on day-to-day Forum
efforts. The staff is composed of government personnel, including

 

Table 4.2

 

Standardized Format for the Access Board’s Design Assistance 

 

Documents

Topical area Description of content

 

1. Provision Quotes the provision verbatim from the sections. The short 
headings for the provisions are taken from the actual text 
of the provisions and are consistent with the headings 
used in previously developed Access Board technical 
assistance guides.

2. Introduction and 
Background

Gives an introduction to the provision and the issue being 
addressed by the rule.

3. Design Guidance Uses a question-and-answer format, in most provisions, to 
address the interests of product designers. This section 
provides further technical information and gives 
measurable targets. Where applicable, examples of 
implementation methods are given. It is imperative that 
federal agencies understand that these methods 
illustrated are not the only approaches for reaching 
accessibility goals.

4. Requirements and 
Recommendations

Wraps-up discussion of the provision. This last section 
helps identify the requirements of the provision. In 
addition, it gives recommendations on ways that fuller 
accessibility may be provided:

 

Provision Requirements

 

 are design elements necessary for 
product conformance to the provision.

 

Recommended Practices

 

 are design approaches that augment 
or exceed the provision requirement and enhance 
usability and accessibility.

 

Source:

 

 See Access Board, Technical Assistance, Training, and Research, http://www.ac-
cess-board.gov/indexes/technicalindex.htm, [36].
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Table 4.3

 

Standardized Format for the Access Board’s Design Assistance 

 

Documents

 

a

 

Topical area Description of content

 

508 Provision 
§ 1194.23(f)

For transmitted voice signals, telecommunications products 
shall provide a gain adjustable up to a minimum of 20 dB. 
For incremental volume control, at least one intermediate 
step of 12 dB of gain shall be provided.

Introduction and 
Background

People with hearing loss generally require additional volume 
to hear effectively. A user may not be able to understand 
speech at nominal volume levels. This provision enables 
people who are hard of hearing to increase their telephone 
volume gain in order to maximize their residual hearing.

Many people with hearing loss are more sensitive to noise 
and less able to recognize words in the presence of noise 
than individuals with normal hearing. Therefore, increased 
volume assists these users in achieving a volume level and 
speech-to-noise ratio sufficient for their needs.

Design Guidance • Is the company product affected by this provision?
This provision applies to all telecommunications products 
that transmit a two-way voice signal. Products that only 
provide one-way communications, such as speakers that 
give operating instructions to the user, are not covered by 
this provision. 

• dB is a relative term, what is the reference quantity?
The term dB is a logarithmic unit used to describe a ratio. 
When used with SPL (e.g., 65 db SPL) it expresses an 
absolute measure of sound pressure level (against no sound). 
Most telecommunications standards now define gain in 
terms of receive output loudness rating, not sound pressure 
level.

• What gain level is required?
This provision requires products to be equipped with volume 
control that provides amplification adjustable to a gain of at 
least 20 dB above the default volume. If a volume adjustment 
is provided that allows a user to set the gain anywhere from 
0 to the minimum requirement of 20 dB gain above default, 
then there is no need to specify an intermediate step of 12 
dB. If a stepped volume control is provided, one of the 
intermediate levels must provide 12 dB of gain above 
default. Some telephones are set with a higher default than 
others. These telephones are not given “credit” for providing 
a high default setting and must still provide 20 dB of gain 
above their default setting in order to conform to this 
provision. Some phones may allow the user to reset the 
default volume. In these cases the default is that setting that 
the manufacturer normally uses for the telephones as sales 
time.
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an experienced Program Director and other supporting person-
nel, and a team of contracted organizations. The membership is
moving towards an electronic based Forum and provides support
in research, Web-based meeting coordination and planning, pub-
licity activities, and all other membership efforts [38].

To help the GSA in its purchasing, and to help E&IT providers under-
stand which E&IT features are covered by Section 508, the Accessibility
Forum has created the 

 

Section 508 Buy Wizard

 

 [39]. The Wizard guides a user
through a series of questions and information gathering stages that helps
both the GSA buyer and the E&IT providers understand which, if any,
specific sections of Section 508 apply to a particular E&IT product.

As noted, the Accessibility Forum has more than 640 members. It is an
impressive list, and its size demonstrates the importance of Section 508 and
its implications for the design of E&IT products and services, and the need
to train engineers and designers in accessible and universal design princi-
ples. Member organizations include Adobe Systems, Inc.; America Online,
Inc.; Bell South; Booz Allen & Hamilton; Cingular Wireless LLC; Dell Com-
puter Corporation; Diebold; Don Johnston; Ford Motor Company; Gateway
Computer; Hewlett Packard; IBM; IEEE Computer Society; Lockheed Martin;
Motorola; Northrop Grumman IT; Panasonic; Sony Electronics; Sun Micro-
systems; Tash Inc.; TRW Systems; Underwriters Laboratories Inc.; U.S.
Access Board; Xerox Corporation; and a large number of U.S. government
agencies and departments.

 

Table 4.3

 

Standardized Format for the Access Board’s Design Assistance 

 

Documents

 

a

 

 (Continued)

Topical area Description of content

 

Provision 
Requirements

• The acoustic output should be controllable by the user.
• For incremental volume control, at least one intermediate 
step of 12 dB of gain should be provided.

• The maximum volume setting should reach at least 20 dB 
above the default volume setting. 

Recommended 
Practices

The intention of this requirement is that a usable signal be 
available at the maximum volume setting. Commonly 
accepted frequency responses and distortion/clipping levels 
could be accomplished within acceptable range at maximum 
volume setting.

 

a

 

This table covers 

 

Volume Control

 

 for telecommunication products.

 

Source:

 

 See Access Board, Technical Assistance, Training, and Research, http://www.access-
board.gov/indexes/technicalindex.htm, [36].
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Conclusions

 

This chapter summarized the major laws mandating accessible design in the
United States. The legal initiatives in the United States are part of a global
movement toward a systems model of disability as exemplified by the
WHO’s new ICF [40] and expressed in the United Nations document entitled
“The Standard Rules on the Equalization of Opportunities for Persons with
Disabilities” [41].

The Standard Rules consist of 22 rules concerning disabled persons. The
rules fall into four chapters: (1) preconditions for equal participation, (2)
target areas for equal participation, (3) implementation measures, and (4)
the monitoring mechanism. These chapters cover all aspects of life of dis-
abled persons [41]. “The Standard Rules represent a strong moral and polit-
ical commitment of governments to take action to attain equalization of
opportunities for persons with disabilities. The rules serve as an instrument
for policy-making and as a basis for technical and economic cooperation”
[39].

Virtually every developed country around the world has established
laws similar to those found in the United States [42, 43]. A report by Kennig
and Ryhl, entitled “Teaching Universal Design: Global Examples of Projects
and Models for Teaching in Universal Design at Schools of Design and
Architecture” [44], summarizes the numerous and varied global initiatives
and projects directed at the teaching of universal design principles. The
Accessibility Forum has a resource website that provides links to sites detail-
ing international accessibility efforts [43]. Hence, the legal initiatives and
support structures such as the Access Board and Accessibility Forum are
U.S. expressions of a broader, global movement.

From a designer’s perspective, the resources provided by the Access
Board are substantial and in a very practical way lay down the essential
principles of accessible design. Engineers and designers should be aware of
the resources available from the Access Board and take advantage of these
resources in their own design activities.

The Accessibility Forum is another invaluable resource to any company
doing business with the U.S. government. The 

 

Section 508 Buy Wizard

 

 [39]
is just one example of the resources provided. Another example is the Acces-
sibility Forum’s resource site [45].

Universal and accessible design is evolving in a global context. Global
market conditions include a worldwide consumer base wherein consumers
have a large number of options and can easily and quickly change suppliers,
many suppliers are spread out across the globe, and the suppliers are vul-
nerable in that they are under pressure for faster product innovation and
design turn-around time with a very dynamic market [46]. The global initi-
atives to address the needs and civil rights of the world’s disabled people
is another driving force [39], and the changing global conceptualization of
disability is exemplified by the WHO-ICF [40]. All of these elements combine
to create an urgency with respect to understanding and being able to apply
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universal and accessible design principles. The next section (Section III)
presents the universal design principles, along with specific design strategies
and examples.
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section three

 

Universal design principles, 
strategies, and examples

 

Section goals:

 

• Present the hierarchical structure of the principles and the implica-
tions of this structure on the design process.

• Present the principles of universal design.
• Provide a rationale for each principle so that designers will be in-

clined to utilize the principles as appropriate.
• Provide design strategies and examples for each universal design

principle.
• Explore the use of universal design principles in the workplace.
• Show how universal and accessible design have been integrated into

the Web design community.

 

Scope of the discussion

 

This section focuses on universal design. As noted in Section II, there is an
overlap between universal and accessible design. Hence, where universal
design principles and strategies increase accessibility, they can be applied to
both universal and accessible design.

This section divides the universal design principles into three categories:
(1) person focused, (2) process focused, and (3) transcending. Specific design
strategies are presented and discussed for each principle. Examples will
illustrate applications of the various strategies. Arguably, more design strat-
egies could be presented. However, the strategies presented herein provide
a solid base from which to proceed implementing more universally designed
and accessible products and processes.

A collection of design strategies is presented for each universal design
principle. The term “design strategy” means concrete, pragmatic ways to
implement and build entities so that they, in fact, possess the properties and
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characteristics espoused by the universal design principles. The examples
have been chosen to span as many engineering and design disciplines as
possible. The strategies derive from human safety considerations, differences
in human size and shape, native abilities, and the common elements of basic
human functioning. The examples emphasize that the pressures for universal
design derive not only from laws and regulations, but also from strong global
market pressures. The universal design principles work best when applied
in a systematic and coherent manner because the combined effects are syn-
ergistic. Such synergisms are noted and highlighted as appropriate.

Universal design strategies derive from many sources and as such apply
to the entire spectrum of human design activity. The umbrella concept of
universal design brings these existing design strategies together in new
ways, and that is the uniqueness and strength of the universal design
approach. While the origins of universal and accessible design are in archi-
tecture, civil engineering, and related disciplines, the concepts have spread
to virtually all human design endeavors. To design entities that will be in
conformance with the definition of universal design, the entities should be:

The principles of universal design can be divided into three broad cat-
egories: (1) those dealing primarily with the person, (2) those dealing pri-
marily with process, and (3) those that transcend both people and process.
The hierarchical structure of the universal design principles and the impli-
cations of this hierarchy for the design process are presented in Chapter 5.
Three principles—ergonomically sound, perceptible, and cognitively
sound—can be termed 

 

human factors principles

 

 in that they focus on
the person. These three principles are discussed in Chapters 6, 7, and 8,
respectively.

The principles dealing with flexibility, error-management, efficiency, and
stability and predictability can be termed

 

 process principles

 

 in that they focus
on broader process concerns. These principles are the focus of Chapters 9
through 12, respectively. The principle of equitability, discussed in Chapter
13, integrates and transcends the other principles. The principle of equita-
bility places constraints on how all the other principles are applied.

The two final chapters in this section step back and consider universal
design applications from broader perspectives. Chapter 14 discusses the use
of universal design principles in the workplace. The work environment is
sufficiently complex and unique to warrant a closer examination and ana-
lysis. Chapter 15 focuses on Web accessibility and Web design. This is a
separate topic for two reasons: (1) the ubiquity of Web-based activity and
its global impact, and (2) Web design exemplifies the mainstreaming of

1. Ergonomically sound 5. Error-managed (proofed)
2. Perceptible 6. Efficient
3. Cognitively sound 7. Stable and predictable
4. Flexible 8. Equitable
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accessible and universal design principles into the design process of a design
community and as such provides a powerful way to summarize the material
in Sections II and III.
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chapter five

 

Hierarchical structure of 
universal design principles 
and implications for the 
design process

 

Chapter goals:

 

• Present and explain the hierarchical structure of universal design
principles.

• Discuss how this hierarchical structure affects the design process.

 

Design philosophy

 

Universal and accessible design strategies derive from a simple fundamental
premise: design entities to work with, support, and enhance human func-
tioning. Design to human strengths and not human weaknesses. Create
products and processes wherein people are allowed to do what they do best,
and where the products and processes are required to do what they do best.
It is from this perspective that universal design is defined as the design of
entities that can be used and experienced by people of all abilities, to the
greatest extent possible, without adaptations.

 

Universal design principles

 

This book presents the following eight areas of focus and design principles:

1. Ergonomically sound 5. Error-managed (proofed)
2. Perceptible 6. Efficient
3. Cognitively sound 7. Stable and predictable
4. Flexible 8. Equitable
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These eight principles can be divided into three major categories, depending
on whether they primarily address person-centered concerns, process con-
cerns, or transcendental concerns. The principles dealing with ergonomics,
perception, and cognition are termed the human factors principles. The
principles dealing with, flexibility, error-management, efficiency, and stabil-
ity/predictability are termed process principles because they deal with activ-
ities and participation (that is, processes). The final principle deals with
equity and as such is very different from the others. Equity is a value
judgment. As a design community, we are stating that we desire universally
designed entities to be equitable.

The three categories of universal design principles also have an implicit
order associated with them that can be used to characterize the universal
design principle categories as a hierarchical structure. Figure 5.1 illustrates
this structure. Each of these categories will now be considered in more detail.

 

Principles targeted at the person (human factors)

 

The principles aimed primarily at the person deal with ergonomics, percep-
tion, and cognitive concerns. These issues focus on human factors and are
centered in the person. The person must be able to turn the knob, see the
signal, hear a prompt, and understand the operating instructions. The design
process must make sure the person can access and use an entity.

The traditional field of ergonomics is a rich source of methods and
strategies [1–5]. The International Ergonomics Association (IEA) defines
ergonomics (or human factors) as “the scientific discipline concerned with
the understanding of interactions among humans and other elements of a
system, and the profession that applies theory, principles, data, and methods
to design in order to optimize human well-being and overall system per-
formance” [6]. The IEA embraces a broad definition of ergonomics, that is,
“ergonomics promotes a holistic approach in which considerations of phys-
ical, cognitive, social, organizational, environmental and other relevant fac-
tors are taken into account” [6]. According to The Ergonomics Society, “Ergo-
nomic design is a way of considering design options to ensure that people’s

 

Figure 5.1

 

The hierarchical structure of the universal design principles. The tran-
scending principles are value based and place constraints on the use of process
principles, which in turn place constraints on the application of the human factors
principles.

Transcending principles 

Process related principles 

Human factors principles 

More general 
More encompassing 

More detailed 
More narrowly defined 
More specific 

Higher level 
places design 
constraints on the 
lower level
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capabilities and limitations are taken into account. This helps to ensure that
the product is fit for use by the target users” [7]. For universal design, the
target users are defined as broadly as possible.

For this discussion, 

 

ergonomics

 

 will be viewed more traditionally and
narrowly than the IEA definition. Ergonomics will refer to the physical
demands of an activity, task, or job. Ergonomics, together with the universal
design principles dealing with perception and cognitive elements, cover the
broader 

 

human factors

 

 view.

 

Principles targeted at the process

 

A process can be defined as a collection of related tasks or activities that lead
to a particular result. People perform tasks and participate in activities that
lead to results. Processes are designed entities and exhibit characteristics that
can create barriers for people or support and facilitate human performance.
Those principles aimed primarily at the process deal with flexibility,
error-management, efficiency, and stability or predictability.

Because processes include people, it is not surprising that the pro-
cess-related design strategies impose constraints and influence the applica-
tion of the human factors-based design strategies. This will be seen time and
again as the process-related design strategies are presented. Also, the pro-
cess-related strategies are interrelated. For example, error-proofing a process
will make it more efficient as well as more stable and predictable. This
interrelatedness is a source of synergism among the design principles and
their respective design strategies.

 

Transcending, integrating principle

 

Universally designed entities should be equitable in that the entities should
provide the same means of use for all users: identical whenever possible,
equivalent when not [8]. Equitability is a value. Many products and services
are designed specifically so as not to be equitable. For example, luxury items
such as jewelry, with an associated brand name, are meant to distinguish
the owner and not be accessible by everyone.

As a value, equitability transcends or goes beyond the other universal
design principles in that if it is satisfied, it integrates elements from all the
other principles and exhibits features and characteristics that are unique to
being equitable. Such unique features and characteristics include being age
and context appropriate, being aesthetically pleasing, being affordable, and
having a broad market appeal. These design features and characteristics are
generally true for any product or service, but is especially true for designers
seeking to follow universal design principles.

Equitability imposes constraints on the other design principles in that
they must be applied so that the designed entities are accepted by a broad
spectrum of users. The designs must be age and context appropriate as well
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as aesthetically pleasing. In a most fundamental way, equitability forces the
integration of the other universal design principles.

Accessible design does not concern itself with being equitable. Accessible
design is concerned with removing or preventing environmental barriers as
prescribed by law, guidelines, and standards. This does not mean that an
accessible design requirement cannot be equitable.

Equitability will be the final universal design principle considered in
this discussion, its representation as the synergistic integration of the other
universal design principles, argues for its prominence in design require-
ments. This is why it is often the first-cited universal design principle in
other discussions.

 

Hierarchical constraints

 

As conceived, the universal design principles form the hierarchical structure
depicted diagrammatically in Figure 5.1. Michael Polanyi, a distinguished
scientist, system theorist, and philosopher, in his paper entitled “Life’s Irre-
ducible Structure” [9], presents a general systems theoretic principle of such
hierarchical systems. The principle states that the higher level places con-
straints on the structure or design of the lower level, and furthermore, one
can neither express the higher level’s operational laws in terms of the
lower-level operational laws, nor can one express the lower-level laws in
terms of the higher-level laws.

Operational laws and principles, such as the various psychometric laws,
physiological principles, psychological principles, and the biochemistry of
brain and neurological and neuromuscular functioning, form the basis for
what and how people behave and function with respect to the human factors
principles. The process principles place constraints on the various human
factors principles and design strategies. For example, the universal design
process principle, efficiency, seeks to reduce or remove non-value-added
activity (NVAA) from processes. Lifting and carrying materials from one
place to another are typically NVAAs. From a human factors (ergonomics)
perspective, the job might be designed so that the lifting and carrying con-
form to accepted ergonomic standards. However, from  process design per-
spective, one seeks to eliminate lifting and carrying activities in an effort to
remove NVAAs. In this way, the process design places constraints on the
human factors level.

Consider error-proofing as another example of this phenomenon. An
error-proofing requirement might be to not allow a driver to put diesel fuel
into a car requiring unleaded gasoline. The process (context) dictates what
elements are available to the designer and how they can be used. In terms
of the human factors principles, this error-proofing task suggests using a
forcing function as a natural constraint. Specifically, make the diesel fuel
nozzle bigger than the unleaded nozzle and size the gas tank receptacle
accordingly. In this way, the diesel nozzle cannot fit into the nonleaded
receptacle. In terms of the human factors principles, this provides a forcing
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function, natural constraint. More will be discussed about these strategies
later; the main point of this discussion is that the universal design principles
of the higher levels place design constraints on the design principles at the
lower levels. 
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chapter six

 

Ergonomically sound

 

Chapter goals:

 

• State the ergonomically sound universal design principle.
• Provide a rationale for the ergonomically sound design principle’s

relevance.
• Provide design strategies that address the ergonomically sound de-

sign principle.
• Provide examples of applying the design strategies.

 

Ergonomically sound

 

Principle

 

The physical demands associated with the use of an entity must be within
acceptable limits for a wide range of users.

 

Discussion

 

Ergonomics refers to the physical demands of an activity, task, or job. Ergo-
nomic design “is a way of considering design options to ensure that people’s
capabilities and limitations are taken into account. This helps to ensure that
the product is fit for use by the target users” [1]. Humans share common
physiological, anatomical, and biochemical attributes. These common
attributes mean that people tend to respond the same way to exercise and
activities in terms of fatigue, repetitive motion injuries, and general wear
and tear on body parts. Our common attributes also mean that common
strategies and techniques can be designed to reduce the adverse effects of
work, exercise, and strenuous activity. For example, Figure 6.1 shows a
person carrying a heavy load.

Personal experience tells us that it is easier to carry a heavy weight close
to the body rather than extended. Physics provides the explanation in terms
of the different torques generated. Case (a) generates a higher torque at the
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shoulder than the torque generated by case (b) at the elbow. Furthermore,
the affected shoulder muscles are typically not as strong as the biceps mus-
cles in the arm. Given the combination of less torque and more muscle
strength, case (b) is the preferred lifting or carrying strategy.

The combination of common human physiology and anatomy, and the
laws of physics allows designers to design lifting and carrying strategies
that best serve individuals. If a person has a physical impairment, then the
same design approach is used: look at the physiology, anatomy, and the
forces (torques) generated by the load, and design a strategy that maximizes
the person’s capabilities while minimizing the work in terms of applied
torques or forces. This is the fundamental approach to ergonomic universal
design strategies. Use a person’s capabilities in the most efficient and effec-
tive manner possible while avoiding injury.

There are, of course, individual variations in height, muscle mass, met-
abolic rates, arm length, leg length, and all the physiological, anatomical,
and biochemical attributes. Gender, race, age, injury, disease, and impair-
ments due to developmental disabilities introduce further variations and
variability. Universal design strategies must address such variations and
variability.

Ramps, to access buildings, exemplify universal design. People can push
strollers or pull luggage up ramps. People using walkers can more easily
negotiate a ramp than stairs. People of any height or weight can use ramps
more easily than stairs. Wheelchair users can use ramps provided that the
ramps are not so steep that wheelchair users cannot move themselves up
the ramp, or if necessary be pushed up the ramp.

The ramp shown in Figure 6.2 is from a museum and therefore must
conform to Americans with Disabilities Act Accessibility Guidelines
(ADAAG) standards. The ADAAG standards for ramps focus on technical
specifications such as rise, slope, etc. and do not address the issues of an
aesthetically pleasing design. The ramp in Figure 6.2 demonstrates that
designers can be in compliance with accessibility guidelines and yet have a
pleasing design.

Providing adequate space and surface materials for wheelchair mobility
and navigation in public spaces, buildings, and facilities is another universal

 

Figure 6.1

 

Two stick figures are shown carrying a load. In (a), the arm is extended
and the elbow locked. In (b), the elbow is bent.

Torque about the

shoulder joint.

(a) (b)

Torque about

the elbow joint.
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design strategy. Space large enough and suitable for wheelchair users will
ensure comfortable movement for most people, including people with stroll-
ers, walkers, wheeled luggage, and large wheeled brief cases.

Consumer products should be designed so that users can easily turn
knobs, move switches, and make adjustments consistent with normal oper-
ations. Such modifications exemplify universal design; however, they are
mandated for telecommunication devices. Recall the example from Chapter
4 (§ 1193.41 Input, control, and mechanical functions) from the final rule of
the Telecommunications Act 1996 [2]. In particular, the device should be
operable with “limited manual dexterity” and “limited reach and strength”
[2].

Ergonomics have long been associated with work. The general principle
of universal design in the workplace is to have the physical demands of
work activities within acceptable limits for a wide range of workers. All
individuals must be able to physically access the activity. The relative place-
ment of materials, equipment, and workers should be ergonomically sound.
Workers should be able to easily lift items, carry objects, turn knobs, press
keys, and/or move computer mice; if they cannot easily perform such ergo-
nomic tasks, alternative means of physical engagement must be available.

 

Figure 6.2

 

Two views are shown of the entrance to one of the buildings at The Henry
Ford’s Greenfield Village. Being a museum, it must conform to the Americans with
Disabilities Act Accessibility Guidelines (ADAAG) standards. Clearly accessible de-
sign can be aesthetically pleasing.
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In 1999, the Occupational Safety and Health Administration (OSHA)
published its proposed ergonomics program standards to address
work-related musculoskeletal disorders (MSDs) [3]. Work-related MSDs are
currently the leading cause of lost workday injuries and workers’ compen-
sation costs [3]. The ergonomic standards are intended to reduce worker
exposure to ergonomic risk factors. This material is significant in that it
represents another source of legally mandated environmental and human
performance guidelines and standards.

The OSHA requirements were not created to deal with enhanced acces-
sibility for individuals with disabilities. Instead, OSHA is responsible for
overseeing the health and safety of American workers. The OSHA standards
represent universal design strategies because applying these standards
improves job performance for all workers. If a job’s physical and cognitive
demands are reduced, the job naturally becomes more accessible. Reducing
physical and cognitive demands of a job removes environmental barriers.
Ironically, increased accessibility was an unintended outcome of OSHA’s
ergonomic standards.

 

Design strategies

 

The following three strategies cover the essential aspects of ergonomics with
respect to the physical demands placed on the person by the designed entity.
These strategies are broadly stated and make reference to well-established
disciplines involved with human physical activity. Such disciplines include
industrial engineering, ergonomics, physiology, occupational therapy, and
physical therapy. The intent here is to explicitly state the design strategies
that derive from these various sources.

 

Strategy 1: Design to avoid ergonomic risk factors

 

Ergonomic risk factors include forceful exertions, dynamic motions, repeti-
tion, awkward postures, static postures, contact stress, vibration, and exces-
sive temperatures (hot or cold) [3]. The legal imperative for this strategy
derives from the 1999 proposed ergonomics standards produced by OSHA,
which is part of the U.S. Department of Labor.

The OSHA standards define 

 

ergonomics

 

 as the science of fitting jobs to
people [3]. Ergonomists have an extensive collection of tools and techniques
for identifying ergonomic risk factors and creating ergonomically sound
work environments. 

 

Engineering controls

 

 and 

 

administrative controls

 

 are two
broad categories of intervention techniques. The term “engineering con-
trols,” as applied to the elimination or reduction of work-related hazards,
includes changing, modifying, or redesigning workstations, tools, facilities,
equipment, materials, and processes [3]. The engineering controls should
impact ergonomic risk factors. Administrative controls can be used to reduce
the magnitude, frequency, or duration of exposure to ergonomic risk factors
[3]. Administrative controls include employee rotation, job task enlargement,
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alternative tasks, and employer-authorized changes in the workplace (for
example, working in a different part of the plant, or working at home) [3].

From a more general design perspective, it simply makes sense to design
entities that minimize a person’s exposure to ergonomic risk factors.

 

Strategy 2: Design for a wide range of body sizes and shapes

 

Central to a person’s capabilities are body size and shape. For example, body
size and shape determine a person’s range-of-motion and reach. The disci-
pline of anthropometry measures and studies the human body, especially
on a comparative basis [4]. Anthropometry plays a key role in ergonomic
design.

The following quote provides a personal perspective on anthropometry:

“Living in London is no fun if you’re five foot,” says Dee O’Con-
nell. “But a shopping trip to the Far East can change your self-per-
ception forever.” O’Connell goes on: “I knew this was going to
turn out well when my feet reached the floor of the Underground
carriage. At five foot nothing, my feet rarely touch the ground
when I’m sitting down, but I was in Hong Kong, a place built
entirely for people like me. …

I had my first taste of what it’s like to be average in a boutique
next to the market. I picked out armfuls of dresses and skirts in
my usual size, small. The sales assistant took them from me and
said: ’You medium.’ I had never before been a medium in my life,
but I took her word for it, and went into the changing room. ….
The hem sat just on my knee, the belt went around my waist,
rather than my backside, and it didn’t gape around the armhole.
It cost a grand total of £15, and I would have paid 10 times that
for the sheer novelty value. Obviously, I bought it” [5].

At various times, all people think about their bodies. They may worry
about weight, muscle tone, and/or stamina. Yet, as evidenced by O’Connell’s
quote, there are individuals who, for various reasons, are compelled to deal
with a world that literally does not fit them. Normal human variations in
body sizes and shapes exist within a relatively homogenous population, as
evidenced by O’Connell’s experiences in England and China. Genetic con-
ditions such as dwarfism and a variety of neuromuscular conditions such
as cerebral palsy or muscular dystrophy also add to the variability of human
size and shape. Of course, traumatic injury such as the loss of a limb affects
body size and shape. Human capabilities, both physical and cognitive,
exhibit considerable variability. Products that will be used by or serve
humans must reflect a knowledge of such inherent variability in the resultant
designs.
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Automobile manufacturers make extensive use of anthropometric data,
both in their products and in their processes. Anthropometry is necessary
for designing cars, vans, and trucks. For example, seating design and
control-panel layouts are based on anthropometric data. However, the auto-
motive industry also utilizes anthropometric data for workplace design by
seeking to create safe work environments and processes that also yield
high-quality products. For example, workstation design must include
range-of-motion, reaching, and seating design considerations.

Automotive designers are critically concerned about maintaining and
expanding their market shares. Ford Motor Company has initiated two novel
design approaches, the results of which are now appearing in Ford vehicles.
One is the Third Age Suit [6, 7], and the other a pregnancy simulator [8, 9].

The Third Age Suit is designed to limit the range-of-motion of head,
neck, arms, and torso. It has gloves designed to reduce the sense of touch
and restrict hand movement. Goggles are provided with lenses that simulate
vision with cataracts. The intent is for young designers to experience some
of the problems of the elderly and then design products that reflect their
experiences by affording greater accessibility and usability for this market
segment. This same intent warrants using the pregnancy simulator.

As its name implies, the pregnancy simulator simulates pregnancy for
the wearer. The following is a quote from Paul Lienert, a reporter who tried
out the pregnancy simulator:

Last month, I strapped around my already ample midsection a
Birthways Empathy Belly—better known as a “pregnancy suit.”
I couldn’t take a deep breath. My lower back ached. My bladder
screamed for relief. Worst of all, I couldn’t climb out of the back
seat of the 2004 Mercury Monterey minivan. … I looked around
desperately for a grab handle or some kind of leverage—cursing
the short-sighted Ford Motor Co. engineers under my breath—be-
fore I finally figured out how to half-roll my engorged torso out
of the Monterey’s second-row bucket seat [8].

Because of experiences like this, the next-generation Monterey will be dif-
ferent. The Monterey’s design team included 40 working mothers who had
a strong input on final design. The new design includes adjustable seats,
pedals, and mirrors; better placement of control panel and controls; grab
bars for easier entrance and exit (front and back seats); and a power lift-gate,
which management wanted to eliminate but the women considered essential
[8].

At the April 2003 New York Auto Show, “Gene Stefanyshyn, who’s in
charge of midsize cars for General Motors Corp. showed off the 2004 Malibu
Maxx hatchback and described how it was designed with pregnant women
in mind. … Historically, we’ve designed cars around the 50th percentile male
figure“ [8]. That is changing [10]. 

 

7493_C006.fm  Page 78  Monday, May 14, 2007  9:33 AM

© 2008 by Taylor & Francis Group, LLC



 

Chapter six: Ergonomically sound 79

 

The automobile industry is working very hard to make its products and
services accessible and usable to as many people as possible. This push to
universal and accessible design does not mean one product fits or serves
everyone; rather, it means a spectrum of products and services that together
span as many market segments as possible [11, 12].

The workplace is another environment where a person’s body size and
shape are important. OSHA requirements [3] directly focus on the work
environment. The ergonomic concerns deal with excessive reaching, turning,
rotating, picking, and carrying—physical activities that are safety concerns.
Note that “excessive” or “harmful” are relative terms in that what is exces-
sive in terms of reaching for a person who is 6 feet tall will be different than
for a person who is 5 feet tall. An excessive load to pick up will be different
for a 5-foot, 110-pound female than for a 6.5-foot, 200-pound male. Hence,
a person’s anthropometric features play a critical role in workplace design.

The capability to model a variety of body sizes and shapes for job process
design and planning has become increasingly important in today’s global
economy where multinational corporations have manufacturing and assem-
bly plants around the world. In that regard, it is noteworthy that Delmia, a
leading supplier of process analysis and simulation tools, has a new product
called ENVISION/ERGO

 

™

 

 [13]. This product is a human motion and task
analysis tool to rapidly evaluate multiple worker/process scenarios. Analy-
sis capabilities include range of motion, National Institute for Occupational
Safety and Health (NIOSH) lifting guidelines, energy expenditure,
upper-limb repetitive motion assessment, and Methods Time Measurement
(MTM-UAS). Delmia’s promotional material notes that by using ENVI-
SION/ERGO

 

™

 

, engineers can create mannequins for different nationalities
with different body types and shapes [13].

The 

 

ADA Accessibility Guidelines (ADAAG)

 

 for buildings and facilities,
published by the Access Board [14], provides accessibility guidelines based
heavily on ergonomic considerations. For example, Section 4.2 of the guide-
lines deals with space allowances and reach ranges [14]. Section 4.9 deals
with stairs and has subsections specifying the width of stair treads (Section
4.9.2) and the placement of handrails (Section 4.9.4) [14].

Automated teller machines (ATMs), automated checkout systems, and
information kiosks are examples of systems that should be accessible to
people with a wide range of physical attributes: very short people, very tall
people, people who are very thin to those who are obese, and people who
use wheelchairs. Users should be able to reach the controls, see the displays,
lift items into bags, present credit cards to automatic readers, and enter PIN
numbers on a keypad or touchscreen. Hence, these service systems must be
designed for sound ergonomic functioning for a wide spectrum of users.

The final rules for Section 508 which deal with electronic and  informa-
tion Technology (E&IT) also contains specific language that derives from
anthropometric considerations [15]. Consider, for example, Section § 1194.25
dealing with self-contained, closed products, such as public kiosks. This
section provides specific ergonomic requirements: 
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Where any operable control is 10 inches or less behind the refer-
ence plane, the height shall be 54 inches maximum and 15 inches
minimum above the floor. Where any operable control is more
than 10 inches and not more than 24 inches behind the reference
plane, the height shall be 46 inches maximum and 15 inches
minimum above the floor. Operable controls shall not be more
than 24 inches behind the reference plane [15].

The key point of this example is the detailed specification regarding the
positioning of operable controls.

 

Strategy 3: Design for ease of use

 

Given that a designed entity can operate without incurring any ergonomic
risk factors, and that controls, doors, latches, and other manipulable elements
are within reach, the forces and torques necessary to operate the entity must
be within acceptable ranges. For example, levers are easier to use than
doorknobs for people with muscle weakness. Another example is living
space that allows for ergonomic ease of use.

Modern trends toward larger houses are creating additional demands
for universally designed homes and living spaces. These trends are driven
not only by broadly based consumer tastes, but also changing demographics
[16, 17]. “Many boomers aren’t planning to downscale after they retire, or
at least not to the extent that their parents and grandparents did. Today’s
middle aged population is accustomed to larger homes. According to the
National Association of Home Builders, the average size of new American
homes has doubled in the last half century (from 983 square feet in 1950 to
2225 square feet in 1999)” [17]. Moreover, the boomers want to age in place
and not have to move to meet changing needs and they do not want special
accommodations to be obvious [17].

In general, this group wants “open floor plans, the master bedroom and
bath on the first floor, so as to avoid the ergonomic challenge of stairs.
Excessive reaching and bending could be problems due to arthritis; adjust-
able kitchen counters and storage space address these ergonomic challenges.
Balance and walking problems are addressed when there are no differences
in floor height between rooms and there is flush flooring for entrance ways
(no molding or bumps). Such designs also provide greater walker or wheel-
chair accessibility, as do wider hallways and 30-inch (minimum) doorways.
These designs make homes appealing and easier to live in without giving
them an “old folks” look” [17].

Truck designers have worked hard to improve the ergonomic demands
of truck use as the number of women driving trucks has dramatically
increased. The force required to open tailgates, trunks, and doors has been
significantly reduced. The position of door openers, key slots, and latches
have been changed so that both men and women can easily reach them.
Steps and hand grips have been added to make entering and exiting the
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vehicles easier for all users. All of these features exemplify design Strategy
3: design for ease of use.

The final rule for Section 255 of the Telecommunications Act contains
design requirements for telecommunication products and services that
derive from ergonomic considerations associated with ease of use [2]. For
example, two regulations are § 1193.41 sections (e) and (f). These sections
deal with input, output, and other product or system control functions. The
controls must be:

(e) Operable with limited manual dexterity. Provide at least one
mode that does not require user fine motor control or simulta-
neous actions.

(f) Operable with limited reach and strength. Provide at least one
mode that is operable with user limited reach and strength [2].

These requirements target ease of use. They do not specify risk avoidance
requirements nor detailed positioning requirements related to body size.
They simply state that system control functions should be easy to use.

 

Conclusions

 

In conclusion, ergonomic considerations are critical for universal and acces-
sible design approaches. Utilizing the three design strategies (design to avoid
ergonomic risk factors, design for a wide range of body sizes and shapes,
design for ease of use) covers the essentials of ergonomic engineering. Mar-
ket forces dictate such consideration but federal laws also mandate accessi-
bility for a wide range of facilities, products, and services.

As noted in the previous chapter, ergonomics, as defined herein, is only
one facet of human factors. The next human factors facet to consider is
perception.

 

References

 

1. Human Factors and Ergonomics Society, Human Factors and Ergonomics Soci-
ety Home Page. Provides links to resources and definition of terms, http://
hfes.org/, 2004.

2. Access Board, 

 

Telecommunications Act Accessibility Guidelines: Final Rule

 

. Wash-
ington, D.C.: Federal Register, 36 CFR Part 1193, 1998.

3. Occupational Safety and Health Administration, “Ergonomics Program: Pro-
posed Rule,” 

 

Federal Register

 

, 64, 65768–66078, 1999.
4. Merriam-Webster, 

 

Webster’s Ninth New Collegiate Dictionary

 

. Springfield, MA:
Merriam-Webster Inc., 1985.

5. D. O’Connell, “Hong Kong is the Top Shop for Small People,” Guardian
Newspapers Limited, 2002. 

6. Loughborough University, “The Third Age Simulation Suit,” http://www.
lboro.ac.uk/taurus/simulation.htm, 2001.

 

7493_C006.fm  Page 81  Monday, May 14, 2007  9:33 AM

© 2008 by Taylor & Francis Group, LLC

www.lboro.ac.uk
www.lboro.ac.uk
http://hfes.org
http://hfes.org


 

82 Universal and Accessible Design for Products, Services, and Processes

 

7. A. Lienert, “Mobility Challenges: Ford engineers age quickly in bid to woo
older buyers. Outfit that simulates aging helps adapt designs to people with
arthritis, bad backs and failing eyesight,” in 

 

The Detroit News

 

; http://det-
news.com/2005/specialreport/0501/09/B06-54376.htm. Detroit, January 9,
2005.

8. A. Lienert, “Designers have moms on the mind: new vehicles include more
friendly features,” in 

 

The Detroit News

 

. Detroit, May 11, 2003, pp. 1B, cont. 4B.
9. P. Lienert, “Driving pregnant is far from bliss,” in 

 

The Detroit News

 

. Detroit,
May 11, 2003, pp. 1B.

10. Ergonomics Society Press Release, “Ergonomics in Car Design Benefits Older
Drivers,” http://www.ergonomics.org.uk/press/press2.htm, 1999.

11. J. P. Womack, D. T. Jones, and D. Roos, 

 

The Machine that Changed the World

 

.
New York: Harper-Collins Publishers, 1990.

12. J. P. Womack and D. T. Jones, 

 

Lean Thinking

 

. New York: Simon & Schuster,
Inc., 1996.

13. Delmia, Delmia Home Page. Provides links to products and product descrip-
tions, http://www.delmia.com/, 2004.

14. Access Board, “ADA Accessibility Guidelines for Buildings and Facilities
(ADAAG),” http://www.access-board.gov/adaag/html/adaag.htm, 2002.

15. Access Board, 

 

Electronic and Information Technology Accessibility Standards

 

.
Washington, D.C.: Federal Register, 36 CFR Part 1194, 2000.

16. Design Basics Inc., “The Best Bathroom Ideas,” http://www.designbasics.
com/homebuyers/designtrends-19.asp?FormUse=homebuyers, 2004.

17. L. Reimer, “New Homes for Aging Boomers,” http://www.designbasics.
com/homebuyers/designtrends-10.asp?FormUse=homebuyers, 2003.

 

7493_C006.fm  Page 82  Monday, May 14, 2007  9:33 AM

© 2008 by Taylor & Francis Group, LLC

www.ergonomics.org.uk
www.delmia.com
www.access-board.gov
www.designbasics.com
www.designbasics.com


 

83

 

chapter seven

 

Perceptible

 

Chapter goals:

 

• State the perception universal design principle and associated design
strategies.

• Show how human physiological, psychological, and psychometric
capabilities shape universal design strategies associated with human
perception.

• Provide examples of applying the design strategies.

 

Perceptible

 

Principle

 

Designed entities must effectively communicate necessary information to
the user, regardless of ambient conditions or the user’s sensory abilities [1].

 

Discussion

 

A traveler using her cell phone in the airport has trouble hearing her caller
because of the loud ambient background noise in the terminal. Much of
accessible design deals with perceptual issues, overcoming ambient noise,
or providing adequate tactile feedback. Emergency warning systems are
prime examples of systems that must be perceptible by as many people as
possible. To overcome unknown and unpredictable ambient conditions, the
sounds are loud, employing an attention-getting pitch alternating in intensity
or pitch. The lights are bright, vivid, and most often flashing.

Emergency warning signals are “in your face” or “ears,” as the case may
be of perception. The vast majority of perceptual issues are more subtle and
so common that the design solutions seem obvious and of little concern to
designers. Such familiarity can lead to a “cookbook” type of design solution,
repeating previous solutions and not considering the possibility of new
innovative design approaches. The temptation is to treat perceptual issues
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without a real understanding of the underlying physiological processes that
drive perception.

This chapter explores some of the physiological processes that underlie
perception and how these processes lead to specific universal and accessible
design strategies. The intent is that knowledge gained from such understand-
ing will lead to more innovative design solutions to perceptual issues.

 

Design strategies

 

The design strategies start with the most obvious perceptual issue: can a
person sense the signal? Is the person deaf or hearing impaired, or in a very
noisy environment? Is the person blind or temporarily visually impaired
because he is in a dark room, or blinded by the sun or bright flash of light?
If a person cannot sense a signal or message via a given sensory modality,
then the widely used design strategy is to provide multiple sensory input
channels. If the environment is noisy, dark, or in some way hinders one’s
ability to perceive a signal or message, then whenever possible the user
should be able to turn up the volume, increase the visual contrast, or make
some adjustment so as to increase perception. Strategies 4 and 5 address
these perceptual issues.

 

Strategy 4: Provide multisensory options for communications between 
a person and the process or product

 

For example, provide both visual and auditory prompts, messages, or sig-
nals. For signage, maps, icons, and other information or communication
devices, do not use only static color-coding schemes, but also include aids
that do not rely solely on color (for example, words, icons, arrows, or sym-
bols). Such multimedia approaches address issues of sensory impairments
or loss by providing multiple means of expressing the same message.

Section 255 of the Telecommunications Act of 1996 provides some exam-
ples of this design strategy. One example is from § 1193.43 Output, display,
and control functions:

All information necessary to operate and use the product, includ-
ing but not limited to, text, static or dynamic images, icons, labels,
sounds, or incidental operating cues, shall comply with each of
the following, assessed independently.

(a) Availability of visual information. Provide visual informa-
tion through at least one mode in auditory form.

(b) Availability of visual information for low vision users. Pro-
vide visual information through at least one mode to users
with visual acuity between 20/70 and 20/200 without rely-
ing on audio. …
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(d) Availability of auditory information. Provide auditory infor-
mation through at least one mode in visual form and, where
appropriate, in tactile form [2].

§ 1193.43 ensures that the information necessary to operate output, display,
and control functions is provided in more than one sensory mode, in par-
ticular in visual, auditory, and Braille formats.

Section 508 of the Rehabilitation Act also has a variety of accessibility
requirements for electronic and information technology based on this design
strategy. The following are examples of such requirements. § 1194.25 deals
with self-contained, closed products. One subsection states that

 

 “

 

(g) Color
coding shall not be used as the only means of conveying information, indi-
cating an action, prompting a response, or distinguishing a visual element”
[3]. Another example comes from § 1194.31, which deals with functional
performance criteria. This section has the following language; the system
shall have

 

 “

 

[a]t least one mode of operation and information retrieval that
does not require user vision shall be provided,” and also “[a]t least one mode
of operation and information retrieval that does not require user hearing
shall be provided” [3]. All these cases require multisensory options for com-
munications between a person and the process or product.

Another example of this strategy can be found in Section 9 Accessible
Transient Lodging of the 

 

ADA Accessibility Guidelines (ADAAG)

 

 for buildings
and facilities, published by the Access Board [4]. Section 9.1.3 specifies the
number of accessible rooms for persons with hearing impairments. These
rooms require auxiliary visual alarms and notification devices for the tele-
phone (Section 9.3), that is, providing multiple sensory alarms so as to ensure
the alarm is sensed.

In the work environment, the process or workplace must effectively
communicate necessary information to the worker, regardless of ambient
conditions or the worker’s sensory abilities [1]. The design should utilize
redundant modes of information presentation (for example, verbal, iconic,
pictorial, tactile). The design should maximize legibility by providing ade-
quate contrast between the information and its surroundings.

 

Strategy 5: Design signals so as to maximize the signal-to-noise ratio

 

Each physical signal has an energy content that is measurable. Sound pres-
sure is measured in decibels, light in lumens, and touch in force. For the
signal to be perceptible, the signal’s energy level must be greater than the
energy level of any ambient or background noise. Noise in this context means
any energy not derived from the signal. The signal-to-noise ratio is the ratio
of the signal’s energy content to the noise’s energy content. The higher the
ratio, the more signal energy is present relative to noise energy.

Providing lights to illuminate an area is a classical example of
this strategy. Public streetlights are turned on when the sun goes down.
Interior lighting is provided for buildings. Flashlights are used for mobile
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illumination. Volume controls on public address systems, car radios, or cell
phones are additional examples. However, these very common examples
obscure the complexity of the physiological processes underlying the design
solutions. Considering the underlying physiology of signal detection can
further refine strategy.

The following strategies derive from the signal detection and informa-
tion processing characteristics and capabilities of humans. A collection of
psychometric laws has been formulated to describe signal detection and
perception. Weber’s law, Fechner’s law, and Stevens’ power law are three
examples of such laws. Refined design strategies are derived from these
psychometric laws.

 

Signal detection

 

Sensory discrimination is based on signal detection. If the signal is not
detected, then there is no discrimination. Different physical stimuli are per-
ceived and processed in different ways by the nervous system. Understand-
ing how humans process signals and sensory stimuli is important in the
design of accessible and usable products and systems.

Weber’s law, Fechner’s law, and Stevens’ power law all deal with human
signal detection. A physical stimulus in the physical world possesses a cer-
tain amount of energy; it has a physical intensity. That signal reaches a
physiological detector, for example, a pressure receptor in the skin, a sensing
element on the retina of the eye, the semicircular canal of the ear, an olfactory
receptor, or a taste receptor. At the receptor, a signal transformation occurs,
one form of energy (from the physical world) is transformed into electro-
chemical energy at the receptor, and then nerve impulses make their way to
the information processing centers of the brain. When the internal nervous
signals are processed, a signal or stimuli is perceived.

 

Weber’s law

 

Weber and Fechner studied the relationships between the physical intensity
of a stimulus or signal and the perceived psychological intensity of the
physical stimulus. They did this by asking human subjects to compare the
relative physical intensities of stimuli and then report on the psychological
intensity.

For example, if a person is carrying a 40-pound television set and some-
one places a small screwdriver on it, the person would not notice the added
weight. However, if someone places a 10-pound box of books on the TV, the
additional weight would be noticed. Experiments were conducted wherein
a subject was asked to lift a 5-kilogram weight. Additional weight is incre-
mentally added until the subject reports a noticeable difference. This might
be 0.1 kilograms for an average-sized man. Weber and Fechner noticed that
if the weight started at 10 kilograms, the “just noticeable difference” (JND)
was 0.2 kilograms.
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Fechner coined the term “Weber’s law” to model the generalized prin-
ciple: The ratio of the “just noticeable difference” to the original intensity is
a constant. Mathematically, 

 

Δ

 

I/I = K.
The formula 

 

Δ

 

I/I = K says that the larger the signal, that is, the larger
the magnitude of the stimulus (I), the larger the change in magnitude (

 

Δ

 

I)
must be to be detected. For example, if someone whispers quietly in a library,
that person will be heard; but the same individual must yell to be heard over
the roar of a crowd at a football game.

 

Fechner’s law

 

Fechner expanded on Weber’s work by postulating a model of how the
perceived psychological intensity is related to the physical intensity. This is
a tricky proposition given that subjective intensity cannot be directly mea-
sured. Fechner’s law emphasizes the compressed representation of the phys-
ical stimuli in the psychological domain. This compression implies that when
varying signals or stimuli, it may be necessary to make relatively large
changes in the physical stimuli to render it psychologically perceptible.

Examples of Fechner’s law include using volume controls on radios,
televisions, telephones, and devices with auditory outputs. Other examples
are the screen display features that allow computer users to select text size,
background color, and contrast options for their displays.

While Fechner’s law holds for a wide range of stimuli, it does not cover
all situations. For example, Fechner’s law does not hold for certain line length
estimations wherein the perceived length changes precisely with actual
length, and it does not hold for perceived or experienced pain that grows
faster than the pain stimulus. This is where Stevens’ power law comes into
play.

 

Stevens’ power law

 

Stevens’ power law generalizes Fechner’s law and provides a model that
includes not only the compressed representation of sensory processing, but
also the 1:1 cases exemplified by the line length estimates, and the amplifi-
cation representation exemplified by pain. Experiments based on Stevens’
power law demonstrate that different stimuli are processed differently
in terms of sensory processing. Table 7.1 provides examples of sensory stim-
uli from each of the three representation categories: compressed, 1:1, and
amplified. 

When designing prompting signals or messages, feedback, or warning
signals, Stevens’ law suggests using stimuli that produce perceived sensa-
tions more intense than the physical stimuli, that is, an amplification repre-
sentation. Electric shock and other pain signals fall into that category; but
while useful from a survival point-of-view, they are not suitable as a public
warning or display stimuli.

The bottom row in Table 7.1 shows several sensory stimuli that exhibit
amplified representation for perception. Tactile roughness is effective when
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used as rumble strips on the highway to warn drivers to slow down, or that
they are on the side of the road. Tactile roughness or other tactile cues can
be used on control surfaces such as knobs, touch panels, or switches to help
users identify such entities. Tactile roughness is often used on approaches
to stairs and sidewalks to warn of stairs or a curb.

It is not surprising that flashing warning lights are often red lights in
that these stimuli, redness and brightness (brief flash), also possess an ampli-
fication representation. Police, emergency vehicles, and ambulances use
flashing, bright lights and very loud noise to get people’s attention. The noise
needs to be loud because it has a compressed representation.

Designers can use every human sense as a method of communication.
Sound, vision, and tactile stimuli have already been discussed. Smell is used
as a warning for natural gas in that an additive provides the unique smell
we call “gas.” Food quality is a multisensory phenomenon. Taste is certainly
a critical component. Chefs, cooks, and other food designers are critically
concerned with taste and design specific dishes to have specific tastes. The
sense of smell and taste are central in assessing whether food has spoiled.

Weber’s law, Fechner’s law, and Stevens’ power law lead to two strate-
gies that target the need for large signal-to-noise ratios under different envi-
ronmental conditions.

 

Strategy 5.1: Provide the ability for a person to increase or decrease 
the signal strength so as to increase the signal-to-noise ratio

 

One can control the sound volume on a car’s radio to compensate for traffic
and road noise. One can adjust the brightness on a TV screen to compensate
for room illumination. One can adjust the vibration strength on a pager or
cell phone. In all of these examples, the user could increase the desired signal
strength so as to overcome ambient or background conditions.

Paragraph § 1194.25 (f) of Section 508 of the Rehabilitation Act Amend-
ments of 1998 states that “When products deliver voice output in a public
area, incremental volume control shall be provided with output amplification
up to a level of at least 65 dB. Where the ambient noise level of the environ-
ment is above 45 dB, a volume gain of at least 20 dB above the ambient level
shall be user selectable. A function shall be provided to automatically reset

 

Table 7.1

 

Categorization of Stimuli According to Stevens’ Formula

Representation of 
sensory processing Sensory stimuli

 

Compressed representation 
(Fechner’s law)

Loudness, vibration on finger, brightness in the 
dark, taste (saccharine), smell (heptane)

1:1 representation Visual length (line), brightness (point source briefly 
flashed), cold (metal contact on arm)

Amplified representation Electric shock, redness, tactile roughness, 
brightness (brief flash), taste (sucrose)

 

Source:

 

 From Class Notes, Stevens’ Power Law, [11].
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the volume to the default level after every use.” This legal requirement
derives from Weber’s law.

The following example is from Section 508 of the Rehabilitation Act.
Subsection § 1194.21 covering “Software applications and operating sys-
tems” specifies that “(j) When a product permits a user to adjust color and
contrast settings, a variety of color selections capable of producing a range
of contrast levels shall be provided” [3]. This language recognizes the com-
pressed representation of sensory processing as stated in Fechner’s law and
prescribes design guidelines to address this phenomenon.

Consumer products use adjustable volume controls, contrast, and color
controls on computer monitors or televisions, and text and font selection
mechanisms on computer displays. All these adjustable control features
allow the user to adjust the sensory input to ensure adequate perception.
Recall that Section 508’s Subpart C § 1194.31

 

 

 

Functional performance criteria
(from Chapter 4) covers this topic with respect to the accessibility require-
ments for federal agency purchases. Public kiosks should have adjustable
volume controls to help users overcome loud ambient noise. The design of
public kiosks or information systems should utilize redundant modes of
information presentation (for example, verbal, iconic, pictorial). If the
kiosks are for use in federal facilities, they must provide such adjustability
capabilities [3].

 

Strategy 5.2: Provide sufficient contrast between signals and 
background ambient conditions so that most people will be 
able to perceive the signal and the message conveyed by the 
signal

 

If the user cannot control the signal or ambient conditions as with an exit
sign, public announcement, or warning signal, then the designer must select
signals that provide an adequate signal-to-noise ratio under virtually all
ambient conditions. Using bright flashing lights, loud piercing sirens, and
high contrast between letters and background on an exit sign all exemplify
design Strategy 5.2.

Another approach is to have the system sense the ambient conditions
and automatically adjust the signal-to-noise ratio. For example, the digital
display on the Bose

 

®

 

 Wave Radio/CD dims when the room lights are turned
off and brightens when ambient lighting increases.

The growing use of sound field systems by schools is another example
of universal design to address perceptual concerns. The teacher wears a
cordless microphone and a portable amplifier/transmitter that transmits a
signal to a receiver that then distributes the signal to speakers placed around
the classroom. The sound field technology started in special education
classes but research shows that at any given time, a high percentage of
general education classroom students have hearing problems due to colds,
flu, allergies, fatigue, and other temporary conditions [5]. Research also
shows that students in sound field classes perform better academically than

 

7493_C007.fm  Page 89  Monday, May 14, 2007  9:48 AM

© 2008 by Taylor & Francis Group, LLC



 

90 Universal and Accessible Design for Products, Services, and Processes

 

those not in such a class [5]. Hence, there is a growing trend to install sound
field technology in all classrooms.

Consider again emergency signals such as the backup signal on trucks,
high-lows, and other mobile work equipment. They are designed to be loud
and perceptible. Working robots are typically surrounded by a sensor array.
If anyone enters the work envelope of the robot, light and sound warnings
are activated. Exit and warning signs are high contrast with intense colors
for the wording. Walk and work areas in manufacturing plants are desig-
nated by color-coded floor markings.

Signal detection as expressed by Weber’s law, Fechner’s law, and
Stevens’ power law provide the rational for two common design strategies.
While adherence to these design strategies may ensure signal detection by
a person, the signal is typically intended to convey a message, i.e., carry
information to the person. In terms of using products or services or perform-
ing tasks in a work environment, people are required to make judgments
and perform actions. The next subsection considers judgments that are based
on perceptual processes.

 

Judgments

 

People have to make judgments based on sensory perceptions all the time.
When driving, how much space should I leave between my car and the car
in front of me? Can I safely merge into the expressway traffic flow from the
entrance ramp? How long is that shelf? How does the color on the paint
chip sample match the color of the paint on the wall? Are the bass, treble,
and balance of the room’s audio system okay? Was that audio signal (Morse
code) a “dash” or a “dot”?

Work environments provide additional judgment challenges. Any prod-
uct inspection process involves a judgment: Is this cord the correct length?
Is this the correct weight? A doctor examining an x-ray image makes judg-
ments based on the observed density, lines, and patterns. An engineer makes
judgments regarding temperatures from a pseudo color rendering of an
infrared remote sensing device.

Research on human judgment has discovered some fundamental prin-
ciples related to the information processing capabilities of human physio-
logical systems. For example, people are not good at making absolute judg-
ments. People are much better at making relative judgments. The following
experiment by Pollack, where listeners were asked to assign numbers to
tones, exemplifies experiments of absolute judgment [6, 7]. In this experi-
ment, only the tone’s frequency was changed and the frequency varied from
100 to 8000 Hertz in equal logarithmic steps. The lower frequencies were to
be assigned lower numerical values. For the experiment, a tone was pre-
sented and the listener responded by giving a number. The subject was then
informed of the correct identification. As the amount of input information
increased, by increasing the number of different frequencies to be judged
from 2 to 14, the data showed that a listener cannot identify more than six
different pitches accurately. If listeners are asked to form judgments for more
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than six equally likely pitches, they will make errors by grouping the pre-
sented pitches into about six categories. Of course, such conclusions depend
on the person; musically sophisticated persons with absolute pitch have been
know to accurately identify any one of 50 to 60 different pitches [8].

Table 7.2 provides a comparison of the discrimination capabilities of
different senses and tasks. It is clear that there is an interaction between the
task and the sensory system’s discrimination.

The experiments and data on absolute judgment indicate that increasing
the number of alternatives, for example, more levels of brightness, loudness,
pitch, etc., eventually leads to problems due to saturation of the information
processing channel. The experimental evidence suggests that people start
making mistakes of absolute judgment when the number of equally likely
alternatives for a specific type of signal exceeds a threshold value associated
with the signal and sensory modality. Experimental data also suggests that
multiple stimuli, multiple signals over different sensory processing channels,
increase the total signal processing capacity. However, this increased capacity
comes at a cost, a decrease in the judgment accuracy for any particular signal.

Clearly, people start to confuse signal judgments when the number of
levels, pitches, or, in general, the absolute judgments become excessive.
Experimental results suggest that excessive means more than five or six.
Therefore, the designer needs to keep the signal detection requirements
simple. This leads to another design strategy.

 

Strategy 6: Keep the signaling structure and content as simple as 
possible

 

Most people cannot distinguish more than about six different signal levels
before they get the signals mixed up. Morse code is a very successful mes-
saging protocol. One of the reasons it works so well is that it uses simple
dots and dashes, not a complex sequence of very short, to short, to medium,

 

Table 7.2

 

A Comparison of the Discrimination Capacities for Different Senses 

 

and Tasks

Sense Task
Alternatives that 

can be discriminated

 

Auditory Absolute judgments of tone loudness

 

≈

 

5
Taste Absolute judgment of saltiness

 

≈

 

4
Visual Absolute judgment of the position of a 

pointer in a linear interval

 

≈

 

10

Visual* Two-dimensional positioning of a dot

 

≈

 

24
Auditory* Loudness and pitch of pure tones

 

≈

 

9
Visual* Colors of equal luminance

 

≈

 

12

 

* Denotes multiple stimuli.

 

Source:

 

 From G. Miller, The Magical Number Seven, Plus or Minus Two: Some Limits
on Our Capacity for Processing Information, 

 

The Psychological Review

 

, 63, 81–97, 1956.
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to long, to very long signal segments. People would be confused by such a
complicated protocol.

The AT&T

 

™

 

 9350 Digital Answering System Speakerphone telephone
answering machine uses ten different audible signals, ringing, beeps, and
tones to communicate different information. For example, long ringing sig-
nals an incoming call, four short beeps signal a low battery, a three-part tone
signifies a page, a series of ascending tones indicates that an action has been
successful. People will forget what the rarely used signals mean; there are
just too many. Also, some people might have trouble distinguishing among
the signals (for example, three or four beeps). This could be a perception
problem or a memory problem.

As simple as possible includes the use of techniques that take advantage
of people’s strengths, not weaknesses. Human work experiences supported
by the absolute judgment experimental data suggest that an absolute judg-
ment approach is highly error-prone and unreliable as a quality control
procedure [9]. The process engineer can design a much more effective quality
control strategy. The most straightforward strategy would be to have the
inspector compare the new product to a standard or reference product, a
relative judgment [9]. If the job is to determine if an item is of proper length,
then a proper length reference for comparison should be provided. This
technique turns the absolute judgment task into a relative judgment.

Reaching to touch or push a button, picking up objects, or placing an
object in a slot or on a table are all examples of judgments that involves the
motor system and perception. We must move our hand, arm, leg, whatever
to a particular point in space. Such tasks are complex because of the inter-
actions between the perceptual systems and the body’s motor system. The
next section considers Fitts’ law. It is one of many laws related to psycho/
motor phenomenon in humans. An understanding of these laws provides
the basis for universal design strategies, which seek to avoid design solutions
that are fundamentally and universally difficult for humans in general and
utilize design solutions that take advantage of human strengths.

 

Movement: Reaching, picking, and placing

 

Reaching to pick up an object, placing a credit card into a card reader, or
dialing a number on a cell phone are all activities that involve reaching out
with a controlled, aimed movement. Fitts’ law can model such target acqui-
sition activities. Fitts’ law can be summarized as: the bigger the target, the
easier it is to hit. Fitts’ law leads to another design strategy.

 

Strategy 7: Design entities so that a user can accurately acquire a 
target

 

Examples of Fitts’ law can be found in processes such as placing groceries
into a shopping bag, or inserting an ATM card into the receiving slot. Other
examples include the control keys on TV and VCR remote controls. The size
and placement of the pushbuttons make operation more or less difficult. 
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Figure 7.1 shows two remote control units. The larger one on the right
was designed using universal design principles. The device itself is larger,
making it easier to hold the unit and be able to see and operate the buttons.
The control buttons are large and when a button is depressed, the buttons
are backlit, thus providing additional contrast for button identification. The
unit on the right in Figure 7.1 is much easier for elderly persons, or persons
with big hands or fine motor difficulties such as arthritis of the hands or
cerebral palsy.

The influence of Fitts’ law also appears in ADA facilities regulations.
One example is from Section 4.10.12 of the ADAAG, which covers controls
in elevators and states that the control buttons on elevator control panels
“shall be at least 

 

3

 

/

 

4

 

 inches in their smallest dimension” [4]. This is meant
to ensure that people can easily push the elevator controls.

The assembly of components on an automobile has been explored exten-
sively with the slogan “Tight Targets Take Time.” Productivity and quality
are of great concern to the automotive companies. An assembly that requires
four screws with associated washers and lock nuts is much slower than an
assembly that uses screw-less fasteners. The screws must be inserted. The
washers and lock nuts must be attached. These operations exemplify Fitts’
law. The process of using a power screwdriver also requires precise place-
ment of the screwdriver tip into the notch on the head of the screw. These
are all relatively slow operations because they are “tight tasks.” The place-
ment of screw-less fasteners does not require all the target acquisitions asso-
ciated with the use of screws.

Design for assembly (DFA) is a design methodology that addresses such
assembly concerns [10]. DFA incorporates an assembly assessment process
and methods for identifying where the assembly has steps that are too

 

Figure 7.1

 

Two remote control units. The one on the right was designed to be more
accessible. The device is larger with larger control buttons that are back-lit when a
button is depressed.
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time-consuming or error-prone [10]. Once flagged, the designer can rethink
the original design and remove the problematic features.

 

Conclusions

 

The fundamental premise of this chapter is that an understanding of human
physiology, psychology, and psychomotor capabilities leads to universal
design strategies. They are universal design strategies in that design solu-
tions can avoid those elements that are fundamentally difficult for humans
because of our human endowments and include elements that people are
good at because of our common physiology.

Physiological impairments brought on by any one of a number of rea-
sons, from traumatic injury accidents, to birth defects, genetic disorders, and
the aging process, affect one’s perceptual abilities. Universal and accessible
design strategies also address the negative impact of such impairments by
seeking design solutions that eliminate or reduce the disabling effect of the
designed environment on the person.

Two facets of human factors have now been considered, the final facet
deals with cognitive design issues.
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chapter eight

 

Cognitively sound

 

Chapter goals:

 

• State the cognitively sound universal design principle and associated
strategies.

• Present psychological and physiological bases for the specified strat-
egies.

• Show how to assess complexity and create simpler design.
• Provide examples applying the design strategies.

 

Cognitively sound

 

Principle

 

The cognitive demands of designed entities must be within acceptable limits
for a wide range of users.

 

Discussion

 

The final rules of Section 255 of the Telecommunications Act of 1996 has a
section devoted to cognitive accessibility. The language is interesting in so
far as it is the least detailed in terms of providing guidelines.

 

§ 1193.41 Input, control, and mechanical functions

 

(i) Operable with limited cognitive skills. Provide at least one
mode that minimizes the cognitive, memory, language, and learn-
ing skills required of the user [1].

Cognitive demands include, but are not limited to, memory, language,
and learning requirements, as well as task complexity. Designers have long
addressed the problems of cognitive demands by building knowledge into
the environment and striving for designs that reduce complexity.
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The cognitive demands of our everyday lives are significantly reduced
by knowledge in the environment. Traffic lights and road markings are
common examples of knowledge built into the environment. Another exam-
ple is the variety of navigation aids used in large public buildings such as
mega-stores. In a recent newspaper article discussing how Meijer plans to
compete with Wal-Mart, a photograph shows the spacious aisles with a
variety of ceiling-hung and floor-mounted signs. The caption reads: “Among
the features of Meijer’s newest store in Rockford are signs directing shoppers
to the appropriate aisles” [2]. The thrust of Meijer’s is convenience. Meijer’s
store designers want people to easily and quickly get in and find what they
want. Color-coding schemes and path markers are commonly used. In public
places around the world, international icons and symbols are being used to
inform the public as to the location of restrooms, restaurants, lodging, hos-
pitals, stairs, elevators, and escalators. These internationally recognized icons
allow people of differing nationalities as well as those who cannot read or
are cognitively impaired to negotiate complex environments.

The cognitive demands required for product use can be reduced if
designers of consumer products build knowledge into their products. Using
international icons for electronic recording and playback equipment exem-
plifies building knowledge into the product. Using mappings (the layout of
the burner and oven controls on a kitchen range) provides another example
of building knowledge into the environment. Finally, using on-screen menus
for VCR programming greatly simplifies programming these devices and
significantly reduces the cognitive load on the user.

Automotive designers have done a good job of building knowledge into
the car’s internal environment. Typically over 120 different controls exist in
a car, yet most people can get into a new car and without much trouble
figure out where the controls are and how they work [3]. Automotive dash-
board controls extensively use international icons to identify control func-
tions for doors, windows, lights, turning, defrosters, heating/cooling, etc.
These icons have broad cultural semantic understanding. The controls make
extensive use of natural mappings; for example, push the window control
down to lower the window, up to raise the window. People would have
much more trouble trying to figure out the controls of a military jet fighter.
In the jet, people cannot rely on the cultural and semantic conventions
employed by the automotive designers and understood by the driving public
to help users understand how everything works.

The cognitive demands associated with the use of a telephone system
for consumer support and related service activities presents a unique set of
design challenges. The cognitive demands arise with respect to memory,
response time, alternative choices (TTY or real person), boredom, and frus-
tration. Users must receive detailed auditory instructions as to how to pro-
ceed. If these instructions are too long, users may forget some by the time
all options are given. If users have trouble hearing or understanding the
instructions, they may not act soon enough to complete a transaction, or
may simply guess at what they are supposed to do and risk making an error.
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Finally, users may wait so long for a response or person that they get frus-
trated and start pushing keys just to get attention or sabotage the process.

Looking at universal design in the workplace, the cognitive demands of
work activities must be within acceptable limits for a wide range of workers.
The task structure should be appropriate to the task—neither too simple
(leading to boredom) nor too complex (leading to error and frustration). The
material must support different learning styles and human intelligence [4].
Reading, performing mathematical operations, or memorizing long
sequences of actions or codes places constraints on who can perform a job.
An analysis of the cognitive demands of jobs is more difficult than an analysis
of physical activity. Workers who cannot read, who are color blind, or who
cannot remember code or action sequences may develop complex strategies
to hide this from an employer. Typically, cognitive issues are noticed indi-
rectly by increased errors, a decrease in productivity, and other symptomatic
indicators.

 

Design strategies

 

Building knowledge into the environment, the product, or the process is
essential to the design of cognitively sound entities [5, 6]. Knowledge in the
environment comes from the affordances of an entity, and affordances arise
from utilizing mappings and constraints. Error management is an essential
part of cognitive soundness. Error management relies heavily on forcing
functions, feedback, and warnings. In addition to these, designers must make
good use of representations and language.

 

Strategy 8: Build knowledge into the designed entity or environment

 

This is the most fundamental design strategy with respect to the cognitive
demands of using an entity or participating in a task. People rely on knowl-
edge in the environment all the time—for example, traffic signals, signage,
icons on the control knobs of radios, recorders, and other electronic devices.

Four design elements are generally associated with good cognitive
design: (1) affordance, (2) mapping, (3) constraints, and (4) feedback [3, 5].
Each of these design elements can support human capabilities and hence
support universal and accessible design strategies. Each of these elements
can be used to build knowledge into the environment and thereby enhance
usability. These elements should be considered basic building blocks for a
usable design.

 

Affordance

 

Strategy 8.1: Use affordances to help users form clear conceptual 
models of the entity’s operations

 

“Affordance refers to the actual and perceived attributes of a product or
process that suggest its uses” [3]. Figure 8.1 shows a stool. Affordances
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include a flat top, height of about 2 feet, and sturdy legs, which suggests
that one can sit on this device, or place items on the flat surface, or stand on
it to reach things. Figure 8.2 shows a toothbrush. The toothbrush represents
a different kind of device. People know it is a toothbrush because of semantic
and cultural knowledge. Someone from 1000 years ago might not realize
that it is to be used to brush one’s teeth. There are bristles on one end and
a relatively long handle. The actual attributes suggest using it to brush things.
The perceived attributes are culturally and semantically based and inform
the contemporary person that this is a toothbrush. Figure 8.3 shows scissors.
This device has affordances that suggest picking with the sharp metal points,
cutting with the sharp metal edges, or using it as a weapon. Users’ intuitive
understanding of physics (simple machines) provides a conceptual model
of how the scissors work, and this conceptualization is part of the device’s
affordance. Likewise for the stool in Figure 8.1, users’ intuitive understand-
ing of physics allows them to form a conceptual model that informs them
that the device is sturdy enough to sit or stand upon without it breaking or
tipping.

 

Figure 8.1

 

Stool.

 

Figure 8.2

 

Toothbrush.
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Affordance is determined by an object’s design. Most of the time, design-
ers want the affordance of an object to truly represent the object. Sometimes,
designers want to fool the user, in the instance of plastic made to look like
wood or metal. Other times, designers hide affordances, as in modern glass
doors where the hinges are hidden and there are no obvious clues as to
which side to push or possibly pull.

Affordance can provide a user with ergonomic operational information
so as to help that person figure out how to use a device. Donald Norman
has a classic discussion of doors in his book entitled 

 

The

 

 

 

Design of Everyday
Things

 

 [3]. Often it is not clear whether users push or pull a door. Door knobs
suggest turning, whereas large faceplates invite pushing. It is a questionable
design when a large, flat plate on a door has the word “PULL” on it.

Recently in a student design laboratory, a student pulled a control knob
off the front panel of an oscilloscope. He explained that he thought the knob
moved in and out a notch to provide different control functions. There were
no markings to indicate such operation, but that is how the unit in his
previous laboratory operated. This incident shows what can happen if con-
ceptual models of ergonomic activity do not match reality—accidents or
errors can and will occur.

 

Mappings and representation

 

Strategy 8.2: Use mappings to help users form clear conceptual models 
of the entity’s operations and simplify operations

 

Mappings represent another important source of knowledge in the world.
Norman defines a mapping as “the relationship between two things” [3].
Using natural mappings, a designer takes “advantage of physical analogies
and cultural standards” to provide an immediate understanding. For exam-
ple, turning a car’s steering wheel to the right to turn the car right or moving
a robot controller up to move the robot arm up illustrates natural mappings.
Widely accepted cultural natural mappings exist, such as a rising level means
more. Likewise, a louder sound might represent a greater amount or increase.
Representations such as loudness, weight, line length, density, and bright-
ness are additive dimensions and therefore naturally represent increases or
decreases. Frequency or pitch, location, taste, and color are not additive

 

Figure 8.3

 

Scissors.
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dimensions; these entities are substitutive dimensions, that is, one represen-
tation is simply substituted for another with no particular rationale or logic
for the substitution [5].

Mappings or representations should facilitate, not hinder, the user’s
knowledge-building process. For example, Figure 8.4 shows two ways of
representing numerical density data. In Row 1 there is no correspondence
between the numerical density data and the visual shading density. This is
a substitutive representation in that a given shading represents certain num-
bers. In Row 2 the shading deepens as the numbers increase; thus, there is
a relationship between the shading and the data. While Row 2 still substitutes
a shading pattern for a range of numbers, there is a natural relationship
between the density of the shading and the magnitude of the numbers. Row
2’s mapping is more intuitive than Row 1’s mapping because the visual
shading becomes denser as the numerical density data it represents increases.
The representation in Row 1 forces one to think about and compare the visual
shading to the numerical data values; there is no natural mapping between
the two representations.

Color is not an additive representation; it is a substitutive representation.
A number of standard or widely accepted color palates exist. Figure 8.5
shows an infrared image of the human ear. The substitutive color scheme is
called the rainbow medical color palette. On this palette the colors range

 

Figure 8.4

 

Example representations. The numbers represent some elements per unit
area. Row 1’s representation is less intuitive than Row 2’s representation because in
Row 2 the visual density increases as the numerical density increases.

 

Figure 8.5

 

Infrared image of the human ear.  (Courtesy of SPI Corp.,
www.imaging1.com.)

Row 1 

25–35/area 40–60/area 75–80/area 85–99/area

Row 2 

100.7°F

76.2°F

Human ear in rainbow medical color pallete.

100

90

80
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from white (100.7

 

°

 

F) to deep purple, almost black (76.2°F). The color grada-
tion relies on semantic and cultural knowledge to provide meaning to the
color-coding scheme, with reds being hot and blues cold.

People have a limited information processing channel capacity and
therefore designers must be careful to not design signaling that lends itself
to misinterpretation, errors, or accidents [7, 8]. If the signals are too close in
color, sound, pitch, or whatever the sensory signal, resolution and discrim-
ination are lost. In Figure 8.5, most people cannot distinguish between the
various shades of red around the ear and hence cannot be specific about the
actual temperature. The region is in the mid to upper 90

 

°

 

F but not much
more can be said. For general medical use, this level of resolution is accept-
able; but for many manufacturing processes, this level of resolution would
be unacceptable. If a person is color blind, then color-coding is of limited or
no value. Likewise, if a person is deaf, then an auditory cue is meaningless.

Another example of a mapping is the layout of burner controls on a
kitchen range. Figure 8.6 shows a range and its associated control panel.
Sometimes the manufacturer provides a simple key indicating which burner
the knob controls. Other times one simply assumes a correspondence
between controller location and the burner it controls. In this example, the
location of the control informs the user—left-side control for the left burners,

 

Figure 8.6

 

Range (a) and a close-up of one of the controllers (b). The icon and word
“REAR” on the close-up of the control (b) are meant to inform the user of which
burner is controlled by that control.

 

(a)

(b)
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right-side control for the right burners. The burner control knob shown in
Figure 8.6(b) is for the right rear burner, as indicated by the burner location
icon. Hence, this device uses location as a substitutive representation, but
also builds knowledge into the product via a burner location icon and textual
information by each burner location.

Societal and cultural influences contribute to mappings in the form of
universally or widely recognized signage, icons, and symbols. International
travel, the World Wide Web, e-mail, global telecommunications, entertain-
ment, and the global merchandising of consumer products help create this
universal and global vocabulary. Figure 8.7 shows three universally under-
stood traffic symbols. An international convention for using specific icons
for controlling video and audio recorders and players has evolved. Figure
8.8 shows these conventions.

Other widely recognized symbols are shown in Figure 8.9. As with all
mappings, a person’s knowledge determines the informational value of these
symbols. The linkage between the symbol and the meaning of the symbol
is especially important if the mappings are meant to be constraints, such as
the traffic symbols.

 

Figure 8.7

 

Three universally understood traffic symbols: the stop sign, yield sign,
and traffic light scheme. (From Corel, “Corel Gallery: 10,000 Clipart Images,” Ottawa,
Canada: Corel Corporation, 1994, [9].)

 

Figure 8.8

 

Universal icons for audio and video recorders and players. These represent
cultural and semantic conventions.

 

Figure 8.9

 

Other widely known symbols. The icons represent toilet facility for a
disabled male, no smoking, female and male, and McDonald’s Golden Arches. (From
Corel, “Corel Gallery: 10,000 Clipart Images,” Ottawa, Canada: Corel Corporation,
1994.)

Play PauseStop
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Problems can arise from a design point of view in that cultural and
semantic conventions are so ingrained that people typically are not aware
that they are explicitly being employed in a particular design. This can lead
to user errors, frustrations, or even accidents if users do not understand or
share the cultural and semantic knowledge of the designers.

 

Constraints

 

Strategy 8.3: Use constraints so as to control the course of actions and 
prevent or reduce the possibility of the users doing the wrong 
thing

 

Designers use constraints to build knowledge into the environment [5].
Physical constraints represent a typical design approach. For example, if a
microwave oven door is opened while the oven is operating, the oven turns
off. Similarly, the diesel fuel nozzle at gas stations is too large to fit into
regular or non-diesel fuel tanks. The common three-pronged electric power
plug and receptacle allow only one way to insert the plug. These examples
illustrate physical constraints in the form of forcing functions. They are called
forcing functions because they force users to behave in a certain way to avoid
accidents or errors.

Cultural constraints control behavior based on societal conventions. In
the United States people drive on the right side of the road, while in Great
Britain people drive on the left side of the road. A universal set of driving
conventions have evolved in terms of signs and signals, for example, the
shape and color of stop signs, yield signs, and traffic lights. These societal
conventions work as long as the users know and understand the meaning
of the signs, shapes, and colors.

Further discussion regarding constraints appears in subsequent chapters.

 

Feedback

 

Strategy 8.4: Use feedback to keep the user informed as to the status 
of the entity’s operations and the entity’s response to user 
inputs

 

Designers use feedback to inform users about the results or consequences
of specific user actions. Users push a control panel button and feel a click
or snap to indicate activation. Users press “return” on a computer keyboard
and a symbol, picture, or text informs them of an action: the computer is
loading a program, saving a file, making an Internet connection, or delivering
e-mail. Such feedback lets users know that their input or control action has
been received and is being acted upon. Without such feedback, users become
frustrated and often make errors (pushing a button several times) because
they do not believe that their intentions were received by the system as a
result of their deliberate use of a controller.
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Messages, and hopefully information, are provided by the use of warn-
ings and feedback. Designers use a variety of signals, symbols, and icons to
communicate with the user. Using colors, sounds, lights, smells, and tactile
cues for warnings represents mappings (the association of a signal with a
warning) and constraints in that the mappings are intended to control or
limit behavior. For example, a buzzer that goes off when users forget their
keys in the car’s ignition or the flashing light and ringing bell that warns of
an approaching train at a road/railroad crossing provides feedback. The
smell of “natural” gas is an additive that provides warning of a gas leak and
rumble strips on the side of roads to inform drivers that they have moved
off the main roadway—both signals give users feedback as to the conse-
quences of their actions.

Feedback also occurs while using a device or product; it informs the user
as to the correctness of the user’s conceptual model of product functioning.
A funny example of this occurred at a restaurant. Patrons ordered beverages
that were served in heavy, thick-glass mugs. The patrons were talking as the
drinks were served so they did not notice how the server handled the mugs.
A gentleman reached out, took hold of the mug, lifted it to drink, and got
drenched. The man got drenched because his conceptual model was wrong.
The mug was not what it appeared to be. Instead of being a heavy, thick-glass
mug, it was lightweight plastic. Unfortunately, the gentleman’s conceptual
model, based on his observations and past experiences (affordance), had told
his arm and hand muscles that this was a heavy mug, so he lifted accordingly.

The effectiveness of affordances, mappings, constraints, and their asso-
ciated signals and symbols to inform depends on whether the user detects
the signals, understands the signals, and can act on the information pro-
vided. Hence, the affordances, mappings, and constraints used to build
knowledge into the environment are limited in their effectiveness in various
ways. When a designer relies on “knowledge in the head” to interpret affor-
dance, problems can arise if the user does not possess the required knowl-
edge, lacks sufficient life experiences, or is cognitively impaired. Also, the
user might, as with the “glass mug,” misinterpret the affordances. The notion
of affordance is simple in that it refers to the actual and perceived attributes
of a product or process that suggest its uses. The notion is complex in that
it includes things users have learned, such as cultural and semantic conven-
tions and constraints, as well as a formal and informal (intuitive) knowledge
of science (physics and chemistry) and mathematics.

 

Language

 

When communicating with a person via feedback, signage, or other tech-
niques, language is a critical element. The person must be able to understand
the language to comprehend the message. This leads to another com-
mon-sense strategy.
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Strategy 9: Provide messages in a language and format that the people 
using the process or product will understand

 

This could mean using multiple languages, Braille, and/or sign language.
It could also mean using icons, pictures, or symbols that are widely under-
stood. It could mean using signals that are clearly understood, for example,
sirens and flashing red light as warning signals. It could mean a combination
of any of these.

 

Strategy 9.1: Use a language that users understand (English, Spanish, 
etc.)

 

The choice of language—that is, English, Spanish, sign language, Braille,
etc.—is obvious. Information must be presented to users in a language they
understand. It is common that electronic consumer equipment provide
instruction manuals and materials in a variety of languages. Ford Motor
Company’s Rouge Plant, in Dearborn, Michigan, has signs in at least three
languages: English, Arabic, and Spanish. Other plants have different combi-
nations and numbers of languages, depending on the nationality mix of the
workforce.

 

Strategy 9.2: Use an appropriate style of language—formal/informal, 
technical/nontechnical

 

Designers should use an appropriate level of language in the user’s manual,
operating instructions, technical references, and support material. It is bad
design to write a users guide for the general population using highly tech-
nical, engineering-oriented descriptions and terms. One must match the
technical level of the documentation to the intended audience. Likewise, one
should not use complicated and convoluted prose in the documentation. A
sign over a technical writer’s desk sums it up: “Speak plainly, eschew neol-
ogisms!”

 

Strategy 9.3: Use an appropriate level (grade level) of language

 

As important as style is, the level of language used is equally important. A
recent study on car seat instructions found that the typical instruction man-
ual was written at the tenth-grade level [10]. Studies have shown that
improper restraint use varies from 79 percent to 94 percent, an alarmingly
high rate [10]. The major cause for this appears to be that the “instruction
manuals are written at a reading level that exceeds the reading skills of most
American consumers. These instructions should be rewritten at a lower
reading level to encourage the proper installation of child safety seats” [10].

A 1992 study of adult literacy found that about 21 percent of the adult
population over 16 years old (over 40 million people) could only read at or
below the fifth-grade level. Twenty-five percent of adult Americans (about
50 million people) were classified as “marginally literate,” reading at or
below the eighth-grade level [11]. This is a poor commentary on the U.S.
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educational system but the study results present a reality that designers must
address.

Technically trained people also present a challenge. A study conducted
by the Danfoss Company, a major Danish industrial manufacturer for refrig-
eration, heating, and motion controls, concluded that service manuals
needed to address the language skills and differences for global users. For
example, the Danfoss study concluded that the service manuals for American
service technicians should be at a grade level lower than that for their
European counterparts. The report goes on to say that “U.S. service techs
are not so well educated, and are less trained vocationally” [12].

 

Strategy 9.4: Use universally or globally understood icons, symbols, 
or pictures for communications

 

Globalization of consumer products and ease of travel have facilitated the
creation of universally accepted and standardized icons. Electronic equip-
ment controls, traffic signage, signage for commonly used public facilities
such as toilets, and automotive dashboard controls are examples of using
universally understood icons and symbols. The globalization of consumer
products and increased international travel has necessitated creating univer-
sally accepted icons and symbols for products and services. Additionally,
people who cannot read and those who are cognitively impaired benefit from
using universally accepted icons and symbols; these are, in essence, a simpler
universal language.

Assuming that designers use the appropriate languages (including icons,
symbols, or pictures), then the user must be able to comprehend the messages
and take appropriate actions to use the product or process. Also, if the
product or process’ operating procedures are too complex, users will make
errors, become frustrated, and avoid using the product or process. These
lead to an additional design strategy.

 

Complexity

 

Strategy 10: Reduce the operational complexity of the entity

 

Designers need to design entities that are as simple to use as possible. While
this seems obvious, it is often very difficult to realize. Cost, time, resources,
and other constraints can influence the design process resulting in a product
or process that meets cost or time constraints, but at the expense of com-
plexity. After all, people are clever; they will adapt themselves to any quirk
or idiosyncrasy of the product or process. While this generally is true, it also
leads to errors, accidents, complaints, frustrations, and other negative con-
sequences. Complexity is a difficult concept to formalize. From a design
perspective, complexity will be considered to derive from task structure,
memory requirements, and required reaction time. 
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Strategy 10.1: Keep the task and activity structure as simple as possible

 

Graph theory provides a mathematical framework within which to analyze
task structure complexity [13, 14]. Graph theory has been used to model
decisions, relationships, traffic systems, computer networks, and variety of
similar systems [14]. A graph consists of points and arcs [13]. From this
deceptively simple base has developed a sophisticated branch of mathemat-
ics and engineering applications [13, 14].

Figure 8.10 shows three graphs representing three different types of
decision or action tasks. Figure 8.10(a) is narrow and deep, in that there are
many sequential actions but one essentially follows the other. This is typical
of recipes or assembly instructions. Figure 8.10(b) is wide and shallow, in
that there are many alternative actions possible, but once made not many
more follow in sequence. Restaurant menus are typically wide and relatively
shallow. Many selections exist for each course but there are relatively few
courses. The third graph, Figure 8.10(c) is both wide and deep. This graph
represents complex action or decision tasks, for example, the operating
instructions for a nuclear plant or moves for a chess game. Most daily actions
are typified by graphs with relatively narrow and/or shallow structures;
people get up and decide what to wear, what to eat for breakfast. Work
activities often require people to deal with very complex decision and action
structures. Likewise, people often look for challenging leisure activities, for
example, playing chess, rebuilding antique cars, or building experimental
airplanes.

From a design perspective, engineers want to keep operating procedures
as simple as possible. “Simple as possible” can be quantified by seeking
decision trees that are relatively narrow and shallow, not a lot of choices at
each decision level, and not many sequential steps or decisions. Graph theory
provides a mathematical framework for quantifying decision trees and
related structures such as flow diagrams, flowcharts, and network diagrams

 

Figure 8.10

 

Three graphs illustrating different types of decision trees. (a) could rep-
resent the steps in a recipe; (b) could represent menu selections at a restaurant; and
(c) could represent moves in a complex board game such as chess.

(c) Wide & deep

(a) Narrow & deep

(b) Wide & shallow
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[14]. Graph theory provides procedures for finding the shortest path through
a graph from one point to another, the length of a path, and the number of
paths from point “a” to point “b.” These techniques are valuable for mod-
eling and simulating the operating procedures of a process [15–17].

Graph theory provides a tool for visualizing decision trees and task
structure. Hick’s law provides a model relating human reaction time to the
number of choices available. Hick’s law basically says that a person’s reaction
time increases as the number of choices increases. Hick’s law is another one
of the psychometric laws, like Fitts’ law, relating decision making (reaction
time in this case) to the number of alternatives that need to be considered
for selection by a motor response: pointing to, reaching, touching, etc.

 

Strategy 10.2: Design an entity so that the user’s reaction time is 
within satisfactory bounds

 

Designers should not require people to quickly scan a number of choices
and make decisions. Hick’s law demonstrates that a person’s reaction time
increases as the number of choices increases [18, 19]. People need time to
digest information and then formulate a response.

A classic example of Hick’s law was the telephone operator’s job with
the old nondigital switching systems. An operator sat facing a board with
up to a hundred plug-receptacles and had to connect an incoming line to
the appropriate outgoing line. Call arrivals were random, as were the call
routings. A more current example of Hick’s law is a user interacting with a
Web page on an Internet site [20, 21]. As the number of choices on the Web
page increases, so does the time it takes for a user to make a choice. Figure
8.11 shows the “Web page from hell.” Jay Boersma, a graphic artist from
Chicago, Illinois, created this Web page as a model of what not to do, in
terms of Web page design.

This Web page has so many choices and options that a user’s reaction
time is extremely compromised. Not only does this site ignore Hick’s law,
but it also ignores virtually all universal and accessible design principles.
Scroll bars are everywhere and material is poorly blocked. Several sections
that automatically scroll create attention conflicts because the user does not
know just where to focus his or her attention. The “Web page from hell” is
a very clever way to illustrate bad design strategies.

Conversely, the Google website is an example of good design (Figure
8.12). It is simple and straightforward. From a Hick’s law perspective, it
presents few and clearly distinguished choices. From a Fitts’ law perspective,
there is only one place to enter text and only a few relatively large buttons
to click. There are no annoying banners or other graphics. The use of color
is also limited.

Web designers are vitally concerned with the effectiveness of Web lay-
outs for a variety of reasons, from marketing strategies to effective utilization
online training and educational materials [20–22]. Most websites fall some-
where between the “Web page from hell” and the Google site with respect
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to good and bad design features. Web designers strive to distinguish links
and use color, pictures, and standardized layouts to increase a user’s dis-
crimination of material and increase familiarity with the page layout. As
noted, if the alternatives are easier to discriminate, the user’s reaction time
decreases. Also, as the user becomes familiar with the page layout, the
reaction time becomes quicker.

Electronic devices exhibit features that invoke not only Hick’s law, but
also Fitt’s law and ergonomic and perceptual issues. For example, consider
small flip-open mobile phones (Figure 8.13). This design illustrates a number
of design issues from ergonomics, perception, and both Fitt’s and Hick’s
laws. The owner of this phone reported that her parents cannot use it because
the control buttons are so small that they cannot operate them very well and
they cannot easily read the display. They are not familiar with the control
button layout, and all the choices are confusing. Even with glasses, the
information layout on the display was too confusing for them to make sense
out of it.

Figure 8.14 shows the control panel for a Bose Wave Radio/CD player.
As with the universal remotes in Figure 7.1, the Bose device uses universal
icons [(

 

�

 

 increase, 

 

�

 

 decrease) volume, (

 

�

 

 backward, 

 

� 

 

forward) for time,
(

 

� 

 

�

 

 play/pause,  

 

�

 

 stop)] to increase discrimination between various control
choices. The icons are familiar symbols and an increase in discrimination

 

Figure 8.11

 

This is called the “Web page from hell.” It is a model of what not to do.
It was produced by Jay Boersma, a graphic artist working in Chicago, Illinois. (http:/
/www.re-vision.com/hell/index.html.)
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between choices tends to reduce a user’s reaction time. As seen in Figure
8.14, the controls are grouped so that each area of the control panel is related
to different, but specific functions. The grouping increases reaction time and
reduces errors in that, for any given function, all the buttons are not equally
likely choices; thus, users will focus their attention on the buttons that are
associated with the desired function.

Task structure, graph theory, and Hick’s law illustrate that as the number
of choices or alternatives increases, the complexity of an entity increases.
Complexity is also a function of memory requirements. Research has shown
that people can remember about seven items in short-term memory [23].
Also, people do poorly at remembering details [23]. Designers should not
require users to remember long sequences of actions, a large number of items
from one Web page to another, or long sequences of arbitrary alphanumeric
characters for PIN numbers, access codes, or passwords.

As complexity grows and memory requirements exceed seven items,
people chunk items together and recode them into a hierarchy of categories
that help them organize and remember increasingly complex amounts of
information. Such memory-related human performance capabilities give rise
to additional design strategies.

 

Strategy 10.3: Keep memory requirements simple

 

One approach to simplifying memory requirements is to design processes
wherein long sequential decision tasks are not required; that is, avoid wide

 

Figure 8.12

 

The Google website: an example of good design.
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and deep decision structures by designing a series of binary decision tasks.
From a memory point of view, humans simply have trouble remembering a
long sequence of actions that depend on the results of previous actions.
People perform much better, and with fewer errors, if faced with a series of
binary decisions [23].

 

Strategy 10.4: Avoid the use of modes

 

In terms of devices, 

 

modes

 

 refer to different modes of operation or function-
ing. For example, given the universal remote controller in Figure 7.1, the
control buttons such as the numbers or up/down buttons produce different
results, depending on the selected function (TV, VCR, CBL, AUX,
PWR)—that is, mode of operation. A sports watch may have a time mode,
an alarm mode, a stopwatch mode, and a pacing mode. The relatively few
control buttons have different functions, depending on the functional mode
of the watch. Typically, designers will resort to “modes of operation” when

 

Figure 8.13

 

Typical small flip-open mobile phone. The keys on the keyboard are small,
and the display is small, usually packed with a large amount of visual information.
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they have relatively few control buttons with which to work. Modes can be
confusing because it may not be clear which mode the system is in and hence
what button-pushing will do.

Note also that the universal remote (Figure 7.1) uses a spatial grouping
of buttons. The mode selection buttons are across the top of the device. The
number pad is in the middle. The channel up/down, volume up/down,
play, stop, etc. functions are grouped together at the bottom of the device.
Other miscellaneous functions are grouped toward the middle of the unit.
Such a grouping of controls helps reduce the cognitive load of seeking and
finding the proper control. The placement offers a search area for a type of
control.

The Bose control panel (Figure 8.14) does not use a mode selection
function. This means that each control button has the same function every
time it is used. This greatly simplifies the cognitive demands of the task and
hence a user’s reaction time. 

 

Figure 8.14

 

Control panel of a Bose Wave CD/Radio. The layout uses text to label
the controls as well as universal icons (

 

�

 

 increase, 

 

�

 

 decrease) volume, (

 

�

 

 backward,

 

�

 

 forward) for time, (

 

�

 

 

 

�

 

 play/pause,  

 

�

 

 stop) for the CD control. Note the grouping
of controls according to function.
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The Texas Instruments calculator TI-84 is a standard among many high
school programs and college students. Figure 8.15 shows the front face of
the TI-84. This is a powerful tool that is relatively complex to understand
and use and hence requires considerable training and experience before a
person gains expertise.

Part of the TI-84’s complexity, and power as a tool, derives from the
many modes of operation it possesses. The modifier keys select modes and
hence change the functions performed by most of the keyboard keys. This
is a classic example of a device that supports a large number of different
application programs with relatively few controls or keys. Hence, each key
must take on different functions, depending on the mode of operation.

 

Figure 8.15

 

The TI-84 calculator. The modifier keys select different modes of opera-
tions. Virtually every key has two functions depending on the mole.
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Education and training

 

Cognitive design strategies would not be complete if they did not address
training and educational issues. People have different learning styles and
different learning preferences. People are motivated differently. People have
impairments that dictate different approaches to training and education.
The Center for Applied Special Technology (CAST) has pioneered
universal design for learning. The following strategies are drawn from CAST
strategies.

 

Strategy 11: Use universal design for learning strategies developed by 
CAST for training or educational activities

 

People have different learning styles and preferences. Some people are visual
learners and some are auditory learners. Some people learn best by reading
and others by doing. Recent brain research has identified three intercon-
nected neural networks that are specialized for different types of information
process: (1) recognition networks for receiving and analyzing information,
(that is, the what of learning); (2) strategic networks specialized for planning
and action execution (that is, the how of learning); (3) affective networks
specialized to set priorities and evaluate (that is, the why of learning) [24,
Chap. 2]. If given a chance, people tend to select instructional modes, meth-
ods, and technologies that work best for them. From a design perspective,
the challenge is to provide a choice of modes, methods, and technologies so
that a broad spectrum of learning styles and preferences can be addressed.

Based on brain research and the associated learning theories, CAST has
formulated three strategies for universal design for learning. These strategies
give people choices.

 

Strategy 11.1: Provide the user with multiple means of engagement

 

Multiple means of engagement enable people with different interests, learn-
ing styles, or impairments to be more readily motivated to pursue and
maintain engagement with the material (products, services, processes). More
broadly speaking, designers must provide users with adjustability and
choices as to how they interact and communicate with products, services,
and processes.

Engagement occurs at different levels. From a sensory modality perspec-
tive, designers need to provide engagement for visual or auditory learners
or people with visual or hearing impairments. Some people may need Braille,
others a signer. From a methods perspective, engagement involves address-
ing those who want a factual or recognition-based approach, or those dealing
with planning and taking actions. The emotional (affective) connections
between a device, service, or process influence how readily people choose
to use or avoid an entity. The emotional component derives from past expe-
riences as well as promotional and societal influences.
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From a technological perspective, designers need to provide different
ways to access the entity. For example, computer access can be with a mouse,
keyboard, touchscreen, and alternative keyboard devices such as head-point-
ers, eye-gaze monitors, or voice recognition systems.

 

Strategy 11.2: Provide the user with multiple means of representation

 

Multiple means of representing concepts, ideas, data, and information allow
people with different learning styles or disabilities to more readily compre-
hend the essential concepts presented by the representations. Norman explic-
itly addresses representation issues in his book entitled 

 

Things That Make Us
Smart

 

 [5]. The section on mappings touched on the importance of represen-
tations.

Some people want a written description of the material. Others prefer a
picture or diagrammatic representation. Visual learners like concept maps,
cause-effect diagrams, or flowcharts. Some people would like to see data in
a table format, while others prefer using charts such as histograms, pie charts,
bar charts, etc. The designer needs to consider the representation.

 

Strategy 11.3: Provide the user with multiple means of expression

 

Multiple means of expression provide people with a variety of ways to
express themselves with respect to communicating, reporting, assessment,
and evaluation. For example, creating a presentation using a written docu-
ment but offering versions in large print, Braille, an electronic form readable
by standard text-to-voice systems, or use of a signing avatar [25–27] offers
multiple ways of expression. Other means of expression include visualiza-
tion tools such as VISIO

 

®

 

 [28] for the creation of flowcharts, network charts,
cause-effect diagrams, timelines, and a variety of other representations. Con-
cept mapping and visual organizational software are available, for example,
Inspiration

 

®

 

 [29] or MindJet

 

®

 

 [30]. Of course, one may use video tapes, DVDs,
CD/ROMs, computer-generated video files, or animation software. Such
visual tools can be applied in education and collaborative activities such as
planning and business process management.

 

Conclusions

 

§ 1193.41 of Section 255 of the Telecommunications Act of 1996 simply says
that telecommunication system controls should be “operable with limited
cognitive skills” providing “at least one mode that minimizes the cognitive,
memory, language, and learning skills required of the user” [1]. The vague-
ness of this language speaks to the difficulty of design strategies related to
cognitive issues. Yet the goal of cognitive soundness can be addressed by
the systematic application of the design principles presented in this chapter.

Simplicity is a theme that keeps reemerging. Remember to “KISS,” 

 

Keep
It Simple Stupid

 

. However, while we all know “simple” when we see it,
simplicity is a deceptively complex concept. What is simple for one person
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is difficult for another. Simplicity depends on the demands of the task and
the abilities of the user. Simplicity has many facets, as witnessed by the
number of design strategies that address these different facets. Strategies
10.1 through 10.4 deal with task structure, the number of choices, memory
requirements, and mode. Strategies 9.1 through 9.4 deal with lan-
guage-related issues. Strategy 6 emphasizes the need for simple signaling
structure and judgment techniques. Strategy 3 addresses the need for ergo-
nomic simplicity. These strategies address fundamental human capabilities,
strengths and weaknesses. The basic idea comes back to designing entities
that have people doing what they, as humans, do best and having the
designed entity complementing and supporting human capabilities.

The design process needs to create entities wherein the person and the
designed entity work as partners to achieve desired objectives. This perspec-
tive suggests that focusing solely on human factors and functioning will not
be sufficient to achieve the desired partnership in that the design must also
consider the desired objectives of the task or process. The specific applica-
tions of the design strategies must reflect the broader process or task objec-
tives. The following design principles—that is, flexibility, error-proofing,
efficiency, and stability and predictability—focus on the process. As such,
these principles tend to place constraints on the specific application of the
three human factors principles.
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chapter nine

 

Flexible

 

Chapter goals:

 

• State the flexible universal design principle and strategies.
• Provide examples that exemplify its process orientation.
• Discuss the relationship between flexibility and assistive technology.
• Explore the design trade-offs between flexibility and complexity.

 

Flexible

 

Principle

 

Design products, systems, and environments with enough flexibility so that
they can be used and experienced by people of all abilities, to the greatest
extent possible, without adaptations.

 

Discussion

 

Designing flexibility into an entity increases the likelihood that the products,
systems, and environments can be used and experienced by people of all
abilities, to the greatest extent possible, and without adaptations. However,
increased flexibility does not come free, it can entail a more complicated
design, increased complexity, slower performance, and increased cost. Flex-
ibility typically results from providing the user multiple choices, and/or
adjustability—for example, providing different input/output options when
operating or using a product or process. Multiple modes of signaling and
communicating when providing feedback and warnings ensure that people
who cannot perceive a particular signal or communications channel will be
able to perceive another mode.

Flexibility also derives from adjustability—for example, being able to
adjust cell phone or car radio volume, or the television’s color contrast.
Automobiles provide adjustable steering wheels, seats, mirrors, dashboard
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light levels, and floor pedal placements (brakes and accelerator) and thereby
make their products accessible to a much wider spectrum of people.

Note that these elements (that is, adjustable volume, adjustable seats,
choice of mode of communication, etc.) were covered by strategies from the
human factors group and as such focused on the more narrow person/
product or person/system interaction. In this chapter the focus is on the
process and a number of process attributes, such as logistics, material han-
dling, storage, cueing, and scheduling. From a process design perspective,
the designer should understand the market demands and customer prefer-
ences and abilities before implementing a specific design strategy. These pro-
cess-level market and user-driven needs and preferences place constraints on
how the specific human factors design strategies are implemented.

Ensuring that designed entities are compatible with assistive technolo-
gies (ATs) is another flexible design strategy. This is because, for many people
with disabilities, assistive technology may be the only method of engage-
ment with the product, service, or process. Hence, from a universal design
perspective, providing a user the choice to access the designed entity with
AT affords not only accessibility, but also flexibility. The fundamental strat-
egy for flexibility is to provide choices.

 

Strategy 12: Provide the user with choices

 

Depending on the product, system, or process, users should have the oppor-
tunity to choose, for example, language, the mode of communication, the
method of engagement, the scheduling of the engagement, the pace of the
activity, and the frequency of the engagement. Consider two examples in
relation to flexibility: (1) a home automation system and (2) a phone-based
customer support system.

A home automation system can exhibit flexibility with respect to avail-
able services and access [1–4]. Functional, or process, flexibility derives from
the constellation of services available via home automation. For example,
one can control the scheduling and duration of operation of home appliances
and equipment such as dishwashers, clothes washers and dryers, the heat-
ing/cooling cycles of furnaces and air conditioners, and lawn watering (time
and sector). Home health care can be included in the broad category of home
automation features. Advances in telecommunication technology allows for
home health care using remote sensor technology to monitor a person’s vital
signs and notify emergency care providers or family members if problems
arise [5]. In addition to providing everyone more options for everyday living,
all of these services support independent living for the elderly and people
with disabilities, thus providing all consumers with increased flexibility.

Functional, or process, requirements dictate how a user might physically
access and communicate with the home automation system, that is, how a
designer might utilize the human factors design strategies. If the function-
ality only demands access to the system within the home, then a home
computer, simple keypad, or a switch-activated control might be sufficient.
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If the functionality also demands remote access, then the system may have
phone access or more sophisticated wireless remote control. For each of these
forms of access, the functionality requirements may demand different com-
munication techniques (from the human factors level) — for example, a
keyboard, phone keypad, voice activation, or voice recognition.

Recall the discussion of Polanyi’s systems theoretic principles regarding
hierarchical systems (Chapter 5), wherein the higher level’s functional
requirements place constraints on the design options of the lower level. From
this example it is clear that a system’s functional requirements, from a pro-
cess perspective, places constraints or demands on the application of the
human factors design strategies.

Flexibility, for a phone-based customer support system, means how many
people with as diverse native abilities as possible can access and successfully
use the system for the intended purpose. There are many kinds of
phone-based customer support systems, each with different functional
requirements—for example, bus schedules or movie times at the local theater,
or credit card and bank account information or technical support for comput-
ers or software. Phone-based systems offer flexibility in that they are typically
available on demand, but they can be particularly troublesome for customers
if long wait times or a tedious automated questioning process is encountered.
Most phone systems provide access to touch-tone (frequency) and old-fash-
ioned rotary dial (pulsed), legacy technology, telephones. However, some
services have opted not to support legacy technology, and this can deny access
to some people who do not have touch-tone (frequency) phones.

Most phone services offer the customer a choice of languages. Language
options are also important for Web services and operating instructions for
consumer products.

 

Strategy 12.1: Provide the user with a choice of language (English, 
French, etc.)

 

Allow users to select the language of choice. Global markets are forcing not
only multinational corporations but everyone doing business globally to be
responsive to the languages used to present a product or service. The Euro-
pean Union (EU) website, EUROPA [6], allows the user to select a version
of the site in any of the EU member languages.

Electronic and information technology products typically come with
printed operating instructions in at least three to four languages. A more
high-tech approach is exemplified by Agilent Technologies. Agilent Technol-
ogies distributes a variety of electronic test equipment worldwide. Their
54600 benchtop portable oscilloscopes exemplify Agilent’s product line with
respect to building knowledge into the environment. The device has a Quick
Help system that brings up a help message on the oscilloscope’s display
screen should the user request help. The system knows what the user is
doing by monitoring the device’s control settings and can provide a targeted
message in 11 languages.
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These examples illustrate one way in which globalization is driving
universal design and how language options are dictated by different market
and design requirements. EUROPA offers a language for each language of
the EU members. Operating instructions for electronic products marketed
in North America usually come in English, Spanish, and French, the three
most frequent languages found in the United States, Mexico, and Canada.
Agilent Technologies addresses its global market by providing 11 different
languages. Again, the functional demands of the process place constraints
on the choice of languages to include in the design.

 

Strategy 12.2: Provide the user with a choice of mode for 
communication

 

Allow users to select the mode of interaction: visual, auditory, Braille, sign
language, etc. Television sets have the option of displaying captioning. Com-
puters are starting to offer text-to-voice programs as part of their standard
package. Another fascinating development is the use of signing avatars, that
is, animated figures that provide sign language presentations of information
[7]. Companies are marketing signing avatar programs for use at presenta-
tions, meetings, classrooms, and for online Web-based services [7]. The
Enabling Technologies Laboratory provides a number of devices for the work
environment that allows a user to select the mode of communication—visual
or auditory [8–10]. There is a growing demand for hands-free mobile phone
operation, especially in the car. The United Kingdom has legislation requir-
ing hands-free mobile phone operations for drivers [11]. A number of com-
panies are selling Bluetooth voice recognition kits for hands-free use [12].

The availability of affordable voice recognition technology is a real ben-
efit to many physically and visually impaired individuals. Voice recognition
technology renders many products and services accessible. In this sense,
using voice recognition, when appropriate, provides benefits to both
non-impaired (hands-free phone use while driving) and impaired users
(access to phone service).

Return now to the flexibility of telecommunication systems and acces-
sibility by individuals with disabilities. Can a hearing-impaired person
access and use the system? Does the system support TTY devices? Can a
person with no arms or limited use of his hands access and use the system
by employing voice recognition technology? These questions imply that
flexibility derives from compatibility with assistive technologies— that is,
the entity must support a variety of assistive technologies that provide
accessibility for individuals with impairments.

 

Strategy 12.3: Ensure that appropriate assistive technologies can be 
effectively used with the designed entity (that is, ensure 
compatibility with appropriate assistive technology)

 

For individuals with impairments, the assistive technology may be their only
method of engagement with the product, process, or service. While universal
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design strives to reduce the need for assistive technology, it is unlikely that
universal design will eliminate the need for assistive technology. Both Sections
255 (Telecommunications Act) and Section 508 (Rehabilitation Act) mandate
that telecommunications products and services and electronic and information
technology be compatible with appropriate assistive technology. Appropriate
assistive technology means assistive technology that allows access to products
and services for normal use. For example, a telecommunications device for
voice communications must be compatible with TTY devices, but not neces-
sarily with a joystick wheelchair control device. The TTY is appropriate for
the telecommunications system but the joystick interface is not.

Ensuring compatibility seems fairly straightforward; but as seen with
the digital cell phone/hearing aid interface issues discussed in Chapter 4
(Compatibility section), the requirement has raised issues as to who is
responsible for ensuring such compatibility—the designer and manufacturer
of products and services or the designer and manufacturer of the assistive
technology? The issue with respect to digital cell phones and hearing aids
comes down to who must change their design so as to avoid interference.
As noted, ANSI C63.19 measurement standards lay out a standardized
method for assessing hearing aid/cell phone compatibility, but the standards
do not address how this compatibility should be achieved. Each side would
like the other to design a product that deals with the interference problem
[13]. In this case, solutions to the interference problems are emerging in the
form of new cell phone antenna designs [14] and external devices such as
the Motorola Hands-Free Neckloop accessory [15].

The Assistive Technology Industry Association (ATIA) is a trade associ-
ation of the manufacturers and suppliers of assistive technology. This orga-
nization is working hard within the business community to address legally
mandated compatibility requirements as well as the longer-term issues of
compatibility across all products and services, whether covered by legal
mandates or not [16].

 

Strategy 13: Provide adjustability and mobility

 

Choices need to extend to how a person interacts with the product or process.
Such flexibility goes back to the earlier strategies for ergonomics, perception,
and reaction times. Because flexibility is viewed as a process dimension, the
process demands place constraints on how the ergonomic and perceptual
design strategies are implemented.

 

Strategy 13.1: Provide ergonomic and environmental adjustability

 

Allow users to adjust the entity to their individual environmental preferences
and body size and shape. Cars and trucks provide adjustable seats, steering
wheels, floor pedal positioning, and mirror positions. Additionally, one can
adjust the internal temperature, and in some models the temperature can be
set for each side of the car as well as front seats and back seats. One can
control the lights for different areas of the car. One can control the distribution

 

7493_C009.fm  Page 123  Monday, May 14, 2007  10:12 AM

© 2008 by Taylor & Francis Group, LLC



 

124 Universal and Accessible Design for Products, Services, and Processes

 

and intensity of music in the car. In some models, the driver can select either
a digital display or an analog display for speed, temperature, pressure, etc.

Evolving housing needs exemplify market-driven universal design in
that the combination of more flexible physical floorplans and home automa-
tion increases flexibility. Flexibility in housing comes from providing multi-
ple options for use of space and an infrastructure that supports quick and
easy accommodations. Linda Reimer, president of Design Basics, a home
plan design company, notes that baby boomers in their 40s and 50s are
becoming empty nesters, and “more and more of them are choosing flexible
homes that will allow them to age in place” [17]. Flexibility in housing can
be accomplished by creating fewer rooms that are larger and that can be
used for different purposes—for example, a room that can serve as a den,
living room, or guest room. One can anticipate change and plan for it in the
design. For example, build wheelchair-accessible bathrooms and large
walk-in showers. The larger bathrooms are spacious and the larger showers
could easily accommodate a seat, if necessary. Likewise, special supports
should be added behind the walls during construction where grab bars might
be installed should the need arise.

Home automation allows for the customization of the living environ-
ment, the distribution of light, music, temperature control, the scheduling
of clothes and dishwashing cycles, lawn watering, and home security fea-
tures [2–4, 18]. Flexible layouts and home automation address broad market
segments, simplifying life and providing creature comforts for everyone
while allowing people with impairments to remain as independent as pos-
sible, thereby reducing the disabling pressures of the environment. Home
automation also exemplifies the linkage between technological development
and society’s perception of disability. If people can live independently in
their homes using technology, then they do not see themselves as disabled.
Furthermore, society does not see them as disabled.

 

Strategy 13.2: Provide perceptual adjustability

 

This strategy refers back to Strategy 5 in Chapter 7. The designed entity
should allow users to adjust signals for their own sensory needs. Volume
control for a public kiosk has a different implementation than volume control
for a home entertainment system or volume control on an industrial control
system. While fundamentally addressing the same human factors issue, the
environment and user needs vary greatly and hence, each specific design
strategy will have a different expression in implementation.

 

Strategy 13.3: Provide adjustable response times

 

If possible and reasonable,

 

 

 

allow users to determine their own response times
to product or process queries and control functions. For example, 

 

Sticky Keys

 

provide a way to perform simultaneous key operations sequentially rather
than together; for example, instead of entering 

 

<Ctrl>z

 

 together, the 

 

Sticky
Key

 

 option allows you to enter first 

 

<Ctrl>

 

 then 

 

z

 

 for the same results. People
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who can only type with one hand, or use a mouth-stick, head pointer, or
eye-gaze system for keyboard access find this a valuable option. Also, com-
puter users can adjust the “double-click speed” of a mouse. Three areas of
Section 508 deal with user response times: (1) § 1194.22(p) deals with
Web-based intranet and Internet information and application systems; (2) §
1194.23(d) deals with telephone-based services; and (3) § 1194.25(b) deals
with self-contained and closed products. All state that when a timed response
is required, the user must be alerted and given sufficient time to indicate if
more time is required [19, 20].

One can generalize process response times to the workplace and the
interface between the worker and the job process. Flexibility with respect to
work processes arises from many sources: times for starting and finishing a
job, tempo of the work, the sequencing of different parts of the job, conditions
for participating in the work activity, time and where the work will occur,
technology for participating in various aspects of the job, delivery channels
for inventory, and materials and supplies. Workplace flexibility also derives
from the use of agile system design strategies.

 

Strategy 13.4: Use agile system design strategies—adjustable and 
mobile

 

Agile manufacturing refers to the integration of organization, people, and
technology into a coordinated whole [21]. The application of 

 

agile systems
concepts and strategies 

 

promote flexibility. 

 

Agile

 

 refers to system properties
that are (1) 

 

simple

 

: simple design, simple tools, and simple assembly; (2)

 

mobile

 

: portable, lightweight devices; (3) 

 

adjustable

 

: devices can quickly and
easily reflect changes in the work environment, the product, and the product
demand; and (4)

 

 reusable

 

: materials can be reused as products, processes, or
assembly volumes change [22, 23]. The life of the device can be geared to
the life of the job, and then workers can reuse the components in a new
device or system configuration. Agile devices directly address ergonomic
issues such as material handling, storage, and parts presentation/positioning
for the workers.

Pipe and joint technology is a classic example of an agile system tech-
nology, and Creform

 

®

 

 Corporation is one of the largest companies manufac-
turing such technology. Creform

 

®

 

 devices are found throughout the manu-
facturing and assembly plants of all the major automotive companies.

Figure 9.1 shows two dramatically different applications of the pipe and
joint technology. Figure 9.1(a) and (b) show a Creform

 

®

 

 flow-rack worksta-
tion in an automotive assembly plant. Figure 9.1(c) shows a Creform

 

®

 

 bean-
bag chair made by a team of special education teachers and occupational
therapists at an Enabling Technologies Laboratory (ETL), the Agile Device
Workshop. A mobile Creform

 

®

 

 frame was designed to hold a beanbag, which
then provided positioning support for a severely physically impaired child.
The support allowed the child to use a switch to interact with a computer.
Over 200 unique devices have been designed and built by teachers and
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therapists at the ETL workshops. These agile devices are being used in
schools throughout southeastern Michigan [10].

 

Strategy 14: Build flexibility into service delivery systems and work 
processes

 

Services provided to consumers must provide flexibility along several
dimensions. Table 9.1 presents some dimensions of flexibility as related to a
service offering. The major dimensions are time, content, requirements,
delivery, and logistics. The designer and provider can elect to be flexible or

 

Figure 9.1

 

(a) and (b) show industrial applications of the Creform

 

®

 

 technology, and
(c) shows a mobile beanbag chair frame being used to support a severely physically
impaired child so as to access a computer.

(a) (b)

(c)
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fixed with respect to a variety of elements associated with each major dimen-
sion. Table 9.1 modifies flexibility dimensions for the delivery of educational
services as presented by Collis and Moonen [24].

There should be flexibility built into the workplace and the interface
between the worker and the job process. This flexibility arises from many
sources: times for starting and finishing a job, tempo of the work, the
sequencing of different parts of the job, conditions for participating in the
work activity, time and where the work will occur, technology for partici-
pating in various aspects of the job, delivery channels for inventory, and
materials and supplies. The 

 

administrative controls

 

 cited in the OSHA ergo-
nomics standards document speak to such flexibility.

In addition to the elements presented in Table 9.1, choices in training
and educational activities derive from Strategy 11. This strategy is repeated
here to emphasize its importance in providing flexibility.

 

Strategy 14.1: Provide the user with choices for educational or training 
activities consistent with the CAST universal design for 
learning strategies presented in strategy 11

 

The CAST universal design for learning strategies addresses educational
services and processes. Providing options for language, communications,
and for the three multiples (engagement, representation, and expression)
generalizes to all products and processes and includes service delivery sys-
tems and job processes.

 

Table 9.1

 

Four Key Dimensions of Service Flexibility

Dimension Fixed 

 

←

 

Dimension   

 

→

 

 Flexible

 

Time Times for starting and finishing a service
Times for submitting transactions and interacting with the service 
provider

Tempo/pace of conducting transactions
Content Content, type, and quality of service provided

Sequence of transactions and services provided
Orientation of the service (sales, information)
Instructional material, users manuals, guidelines, and procedures

Requirements Conditions for participation
Delivery and 
logistics

Time and place where contact with service provider occurs
Methods and technology for obtaining support and making 
contact

Types of help, communication available, and technology required
Location and technology for participating in various aspects of 
service delivery

Delivery channels for information, content, and communication

 

Source

 

: Adapted from B. Collis and J. Moonen, 

 

Flexible Learning in a Digital World

 

. London,
U.K.: Kogan Page, 2001.
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A design challenge

 

Designing flexibility into an entity creates a more complex and demanding
design process. The resultant designed entity gains parts, linkages, and
interconnections, adding cost and complexity to fabrication and implemen-
tation. Another design challenge associated with enhanced flexibility is the
need to provide affordances, mappings, and feedback so as to inform the
user that there are options and/or that things can be adjusted, moved, or
repositioned. Because flexibility often adds complexity to the designed entity,
designers are forced to carefully think about building knowledge into their
design, that is, additional affordances, mappings, constraints, and feedback.

The examples for Strategy 12.1 dealing with providing language options
illustrate the design challenge: what languages and how many languages
do we utilize? Newer HDTVs offer a large number of options for the con-
sumer. These options are typically presented to the user by way of on-screen
menus that guide the user through the choices. A detailed instruction manual
accompanies the on-screen menus. The manuals come in different languages
and the on-screen menu allows the user to select a corresponding language
for on-screen menu instructions.

The HDTVs also offer a variety of human factor options, some for acces-
sibility and some for preference. Accessibility options include the standard
volume, brightness, and contrast controls, as well as closed captioning. Pref-
erence options include screen format from full, wide, zoom, and zoom-wide.
From a designer’s perspective, it is a challenge to communicate all these
options to the consumer. While the options do add flexibility, they can also
lead to errors when operating the HDTV.

 

Conclusions

 

Flexibility increases the likelihood that the designed entity will be used and
experienced by the greatest number of people to the greatest extent possible,
without adaptations. Providing choices and adjustability (including compat-
ibility with assistive technology) are the most fundamental strategies for
achieving flexibility. The nature and number of the choices and adjustability
features depend on the process, objectives, and costs.

Flexibility can be considered a double-edged sword. On the one hand,
flexibility can enhance human functioning and performance from the ergo-
nomic, perceptual, and cognitive perspective. This being the case, people
can select features and options that make them less error-prone and more
efficient. If a person is less error-prone and more efficient at performing a
task or while engaged in a process, the process will most likely run more
consistently and smoothly, with fewer slow-downs and fewer accidents.

On the other hand, increased flexibility can introduce design overhead
into the design process and introduce increased complexity into the designed
entity. The presentation of options and feature selection must be managed.
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If not done well, the increased complexity will outweigh any benefits brought
on by the increased flexibility.

Flexibility also comes when products and processes are compatible with
assistive technology in that people with a broader spectrum of functional
abilities can access and use the products and services.
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chapter ten

 

Error-managed (proofed)

 

Chapter goals:

 

• State the error-management/error-proofing universal design princi-
ple.

• Provide design strategies that address the error-management/er-
ror-proofing universal design principle.

• Provide examples of applying these design strategies showing how
the process-level functional requirements place constraints on the use
of forcing functions, feedback, and constraints.

 

Error-managed (error-proofed)

 

Principle

 

Entities must be designed so that they support doing the right thing. It is
important to create a design wherein errors can be managed.

 

Discussion

 

To properly design an error-management or error-proofing strategy, it is
essential to understand the functions of and reason for designing a product,
system, or process. Designers strive to eliminate errors when consumers use
their products and when workers manufacture and assemble products in a
production system. However, in an educational or training system, where
people learn by making mistakes, one should error-proof those elements of
the process not critical to the learning objectives, and then manage the errors
in the process segment associated with the educational objectives so as to
facilitate the educational process. However, even in such educational and
training settings, it is important to error-proof activities and processes not
directly related to the educational objectives. Hence, this discussion focuses
on error-proofing strategies and techniques.
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Error-proofing is a fundamental 

 

kaizen

 

 (continuous improvement) strat-
egy [1, 2]. 

 

Poka-yoke

 

, a Japanese term for error-proofing, accepts that human
beings are forgetful and tend to make mistakes. Shimbum, a Japanese pro-
ponent of 

 

poka-yoke

 

, states that “too often we blame people for making
mistakes. Especially in the workplace, this attitude not only discourages
workers and lowers morale, but it does not solve the problem. 

 

Poka-yoke

 

 is
a technique for avoiding simple human error at work” [3].

It is important to make a distinction between a 

 

poka-yoke

 

 intervention
and an accommodation, in that accommodations are specifically mentioned
as a component of accessible design [4, 5]. Accommodations represent a very
narrow approach to productivity enhancement and are targeted at the
worker with a disability. On the other hand, a 

 

poka-yoke

 

 intervention is
designed to improve overall process productivity and quality for all workers,
thus making it a more universal strategy.

An intervention for a worker with a disability may or may not be a

 

poka-yoke

 

 intervention. If the intervention reduces error and improves the
performance for everyone doing the task, it is a 

 

poka-yoke

 

 intervention. The
fuel clamp assembly fixture described in Chapter 4 is a 

 

poka-yoke

 

 intervention
because it improved performance and quality for all workers. If the inter-
vention would slow down or hinder a worker who does not have a disability,
it is an accommodation. For example, a specialized fixture designed to hold
open the clamps on a pants hanger used in clothing stores so that an indi-
vidual with the use of only one hand can perform the task of placing pants
on a hanger is an accommodation. This device hinders workers having the
use of two hands.

The pressures of lean production and higher quality standards imposed
by the QS (Quality System) and ISO (International Standards Organization)
certification requirements are accelerating the introduction of error-proofing
strategies into assembly, manufacturing, office, and service jobs [1, 6].
High-quality products and services are fundamental to lean production.
Ideally, one strives for zero defects in products or services [2]. The changing
demographics of the workforce, cross-training, and job rotation require that
work processes and jobs provide more feedback and support to the workers
to not only reduce error, but also speed up on-the-job learning.

QS and ISO certification requires implementing quality improvement
strategies; error-proofing is a core element of such strategies. Relatively
inexpensive electronics and smart sensors with embedded microcomputers
can be integrated into assembly, packaging, sorting, and counting tasks to
provide feedback to the workers [7]. Color coding, icons, and other visual
controls can be used as error-reducing tools in office and service jobs [3, 8, 9].

Error-proofing is a core strategy for achieving the objectives associated
with lean production and quality control programs. For workers without
disabilities, error-proofing strategies fight boredom, fatigue, and other dis-
tractions. For individuals with disabilities, error-proofing strategies provide
an essential dialogue between the job and person that enable the person to
actually perform the job.

 

7493_C010.fm  Page 132  Monday, May 14, 2007  10:58 AM

© 2008 by Taylor & Francis Group, LLC



 

Chapter ten: Error-managed (proofed) 133

 

Design strategies

 

In his book 

 

The Design of Everyday Things

 

 [10], Norman divides errors into
two categories: (1) slips and (2) mistakes. Slips are due to inattention, bore-
dom, fatigue, and reacting too quickly. Mistakes are thoughtful in that one
digests information or data and then does the wrong thing. Mistakes are
made if the information or data are incorrect, vague, or misleading, or the
user perceives something incorrectly and thereby reaches the wrong conclu-
sion. From a design point of view, these sources of errors present different
challenges.

 

Slips

 

The first category of errors to consider is slips—errors due to inattention,
forgetfulness, boredom, or fatigue [10].

 

Strategy 15: Use a three-staged approach to error-proofing

 

Shimbun presents this three-staged strategy for error-proofing in his book

 

Poka-yoke: Improving Product Quality by Preventing Defects 

 

[3]

 

:

 

1. Prevent errors at the source.
2. Provide a warning that an error has or is about to occur.
3. Provide quick and easy recovery if an error has occurred.

These are process-oriented strategies. Application of these process strategies
places constraints on how a designer applies the human factors level prin-
ciples and strategies.

 

Strategy 15.1: Prevent errors at the source

 

The most effective approach to error-proofing is to design an entity so that
it is impossible or very difficult to make an error. Constraints called forcing
functions are the most effective way to implement this approach [10]. Design-
ers can implement forcing functions in a number of ways. One is to use
direct physical constraints, that is, some physical property that constrains
an action. For example, the diameter of a leaded gas tank hose nozzle is too
large to fit in a gas tank receptacle for a car requiring unleaded gas. A
three-pronged electrical power cord connector will only go into the wall
outlet one way. Tall multi-drawer file cabinets often have a feature that allows
only one drawer at a time to open, so as to avoid tipping the file cabinet.
USB and other computer connectors possess grooves, shaped frames,
notches, and other physical features that only allow them to join with a
complementing connector. Figure 10.1 illustrates three different cables and
connectors embodying three different forcing functions provided by the
physical constraints of the connectors.
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Another forcing function example is an electric fuse. In this case, a metal
circuit element heats up due to current flow. If the current exceeds a specified
amount, the metal element melts and breaks apart, causing the electric cur-
rent to cease. In this example, a physical property of the sensing material is
used to bring about the error-proofing action.

The shut-off valves on gas pump nozzles typically use the physics of
the venturi effect to control a mechanical switch. There is a small hole near
the tip of the nozzle with a small pipe leading back from the hole to the
handle. As gas fills the tank, it pulls air through the pipe. When the tank is
full, the pipe tip near the end of the nozzle is submerged in gas. Now, much
more suction is needed and a vacuum develops in the middle of the pipe.
The vacuum can be used to flip a lever that cuts off the gas [11]. This is
another example of a forcing function but the forcing action is based on the
physics of the venturi effect.

Another error-proofing technique is to use a sensor to detect an error or
potentially dangerous situation and then communicate this information to
a process controller that can stop operations. For example, a microwave oven
is designed so that the microwave energy turns off if the door is opened. An
electronic or mechanical sensor senses that the microwave oven door has
been opened and the sensor’s change of state causes the system to turn off
the microwave power. Likewise, a car’s key will not come out of the ignition
unless the gear shift is in the “park” position; either a mechanical linkage
or electronic sensing mechanism linked to the gear shift keeps the ignition
key in place until the gear shift is set to the “park” position.

In all these cases, the system’s design prevents, or makes it very difficult,
for the user to make an error because designers have used “at the source”
error-proofing.

 

Figure 10.1

 

A variety of connectors: three-pronged power cord, USB cable and con-
nectors, and a stereo audio connector. Each connector has a unique physical config-
uration ensuring only one way to mate the connectors. These connectors exemplify
forcing functions.
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Strategy 15.2: Provide a warning that an error has or is about to occur

 

If it is not possible to prevent the error at the source, then design the system
so that the user is warned that an error has occurred. For example, a warning
signal goes off if users do not buckle their seatbelts in a vehicle. A laptop
computer system provides a warning message when its battery is running
low. Cell phones beep or signal in some way when their power is running
low. In all these cases, users are being warned that an error has or is about
to occur. Users can heed the warning and avoid the consequences of the
error, or they can ignore the warning and suffer the consequences of the error.

The following two work-related examples exemplify error-proofing
using a warning or indicator. They also illustrate how universal design can
redefine the “essential functions” of a job and thereby render the job more
accessible under Title I of the ADA. The first example is the packaging of
brake fittings and comes from Shingo [2]. Before the improvement there were
occasional counting errors in the packaging of the brake fittings. The fittings
were all manufactured to tight specifications and therefore had uniform
dimensions. The improvement took advantage of this physical property of
the fittings. A jig was built to stack the fittings. A notch marked the 150-count
height. Figure 10.2 diagrammatically illustrates the idea. Shingo noted there
were no errors after this 

 

poka-yoke

 

 improvement.
The notch was an indicator (warning) that the worker had reached 150

brake fittings. Counting the brake fittings is much like counting coins. Figure
10.3 shows a commercially available collection of coin counting fixtures, for

 

Figure 10.2

 

A 

 

poka-yoke

 

 intervention to eliminate errors in counting brake fittings.
The method works because of the uniform dimensions of the brake fittings.

A notch marks the 150

count height
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pennies, nickels, dimes, and quarters. A different fixture is required for each
denomination because each coin has a different thickness, but for each coin
the thickness is uniform. It is this uniform property of the coins and the
brake fitting that enables the counting fixture to work.

Figure 10.3(a) shows all four coin counting fixtures. Each fixture has a
notch cut into the tube at a height that corresponds to the desired count,
that is, the number of coins required for a bank roll of the specific coin (e.g.,

 

Figure 10.3

 

(a) shows four coin-counting fixtures: pennies, nickels, dimes, and quar-
ters. One fills up the fixture from the top. Coins pile up to the notch and then they
slide out as shown in (b). Those coins remaining below the notch provides the correct
count.

(a)

(b)
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50 for pennies). Figure 10.3(b) shows how this works. Pennies are falling out
of the fixture at the notch level, leaving the correct count behind.

The brake-fitting fixture is a process redesign with the specific goal of
error-proofing. The goal of error-proofing this specific task places constraints
on the human factors principles. The fixture 

 

builds knowledge into the process

 

via the 

 

feedback

 

 provided by the notch. The process took advantage of a
physical property of the brake fitting. One could have placed a notch at a
height of 10 fittings and had the worker collect 15 of these “10 counts,” but
that is more complicated (relying on short-term memory), and hence more
error-prone than just one notch at the 150 mark. Hence the process goal of
error-proofing constrained the use the human factors principles 

 

building
knowledge into the process

 

 and 

 

feedback 

 

by also requiring the

 

 least complicated

 

process, in terms of 

 

memory requirements

 

. In so doing, one produced a very
simple and less error-prone process.

With respect to Title I of the ADA, the 

 

essential function

 

 of the “before”
method was being able to count up to 150. This is a relatively error-prone
task for anybody. The new design catches the error at the source; it uses an
indicator or warning, the notch. The essential function of the new method
is pattern recognition, that is, being able to understand what the notch
signifies. The new method significantly simplifies the cognitive demands of
the task and renders it accessible to workers who cannot count but who can
cognitively understand what the feedback signifies.

Warning strategies may utilize a sensing element. The sensing element
detects a problematic condition and then either directly initiates a warning
or informs a process controller that initiates a warning. The following exam-
ple illustrates a mixed technique. It uses limit switches as a sensing element,
an indicator light as a warning device, and does not allow the assembly
process to proceed until it is done properly, that is, a form of forcing function.

The example is an assembly process and is taken from Shimbun [3]. The
task has a worker assembling a kit. It is important that all the necessary parts
are included in the kit. Before the intervention, a worker, due to fatigue or
inattention, would omit parts or sometimes add extra parts. The before case
had the worker reaching into inventory boxes and filling the kit. “Correct
assembly relied entirely on worker vigilance” [3].

The process improvement used “smart” inventory containers in that the
containers had a lid with a sensing switch and an indicator light. All the
lights are initially off. When the worker opens the lid to a box, the switch
senses this action and the container’s indicator lights up. The workpiece
does not advance until all the lights have been lit, that is, a proper assembly.

Assembly operations at all the major companies have similar 

 

poka-yoke

 

devices. A variation of this kind of system is shown in Figure 10.4. This is
a commercially available system using a “light curtain” sensing system.
When the light beam is broken, it signals a worker’s hand picking an object.
If this is an incorrect action, an indicator light goes on along with a buzzer
that warns the worker to correct the action.
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The Enabling Technologies Laboratory (ETL) designed the task sequenc-
ing system (TSS) [12]. The TSS guides workers through assembly or pack-
aging tasks. Using smart sensor devices, it supports auditory feedback as a
prompting mechanism in addition to the feedback provided by light indi-
cators. Workers with cognitive impairments often lose attention and require
a prompt to refocus attention. The auditory prompt can be turned on or off
as required. The ETL TSS is a 

 

poka-yoke

 

 device and exemplifies universal
design in that it improves quality and performance for all workers. As a

 

poka-yoke

 

 device, it fights boredom and fatigue in normal workers, but from
a universal design perspective it provides feedback and guidance that allow
cognitively impaired workers to do the job at competitive production rates.

 

Strategy 15.3: Provide quick and easy recovery if an error has occurred

 

If an error occurs, make it easy to undo the error, or correct a mistake once
it has happened.

When we make an error using a computer word processing system, we
typically have an option to undo a given action. For example, the user can

 

undo

 

 a delete or copy operation. Windows operating systems use 

 

<Ctrl>z

 

key sequence to undo keystrokes, which is another example. In this kind of
process, the operation we performed was a legal operation, only the context
or situation renders it an error. It is important that the system allows us to
easily undo such errors.

For the counting and packaging systems just discussed, a warning signal
indicated an error and if the person understood the feedback, a corrective
action could easily be taken. Errors that result from slips—for example,
inattention, fatigue, boredom or forgetfulness—can usually be corrected by

 

Figure 10.4

 

A just-in-time inventory cart is instrumented with light curtain sensors. When
a worker’s hand

 

 enters the bin to get a part, it breaks the light beam. There is a light
beneath each bin. If the assembly process uses barcodes or RF tags to identify an
assembly, a processor controller can activate the light on the bins with the correct
parts for that assembly.
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such warning strategies. The signal redirects our attention or helps us
remember what to do. However, errors that occur from mistakes are more
subtle and difficult to manage.

 

Mistakes

 

Errors that result from mistakes, that is, thoughtful, deliberate actions that
are incorrect and lead to errors, are more difficult to address [10]. Mistakes
can be reduced if the user has a good conceptual model of an entity’s
operations. Mistakes can be reduced if the information presented to a user
is correct and communicated without ambiguity, vagueness, or errors. The
user must be able to perceive the communications, have time to process and
interpret the information contained within the communications, and have
time to take appropriate actions. In short, mistakes can be reduced by the
systematic application of the cognitive design strategies presented in the
human factors chapter.

An example was given in Chapter 8, dealing with affordances and map-
pings, of a man who picked up a drink served in what appeared to be a
heavy, thick-glass mug, but which was actually a light plastic mug. The result
was that he lifted it like a heavy mug and got drenched. This is a classic
example of a mistake. The affordance of the mug suggested one weight, and
reality provided a message that the estimated weight was wrong, but alas,
it was too late to correct the resulting error.

Using a word processor to create a document affords us the opportunity
to make both slips and mistakes. Hitting the wrong key while typing a word
is a slip. My current word processor can detect such spelling errors and, if
the appropriate option is selected, automatically make the correction
on-the-fly. If that is not possible, it will underscore the word with a red line
indicating a possible spelling error. The potential spelling may or may not
be an error. Spelling errors can be slips or mistakes, depending on the
writer’s state of mind. Additionally, the word processing system will under-
score a word that is not in the dictionary; it may still be spelled correctly. If
I know the word is correct, I can add it to my dictionary so that it is not
flagged again as a potential error.

There are many cases where I want to write something that the system
does not “like.” For example, if, after hitting the <enter> key and advancing
to a new paragraph, I want to start the new line with a lowercase letter, the
system “corrects” the error on-the-fly by making the first letter uppercase. I
know how to defeat this feature but sometimes such automatic “error-cor-
recting” features are annoying.

Reading over a sentence or paragraph that I had written months ago
and realizing that I had misinterpreted some data and drawn the wrong
conclusions is an example of a mistake. At the time I wrote the paragraph,
I deliberated over the words and the conclusion but I had misunderstood,
misread, or been misdirected by the data. My current word processing sys-
tem makes it easy to correct such mistakes. If I had used a manual typewriter
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to write the document, the correction of such a mistake within the context
of a larger document would have been much more difficult.

The fundamental human factors principle for dealing with errors origi-
nating from 

 

mistakes

 

 is to build knowledge into the process. Examples of the
application of this principle include the spelling auto-correction and under-
lying features that rely on a system dictionary. Grammar checkers rely on
the standardized rules of grammar built into the word processing system as
an “expert system.” Another example of this strategy is word prediction
associated with computer programs. As a person types, the program pro-
vides a dropdown box with a list of most likely words. For most people this
is a nuisance unless it is part of the spellcheck feature. For people with certain
cognitive impairments, such a feature allows them to use the software in a
productive manner.

Palm-held devices often use a similar prediction strategy for calendar
and contact information data entry. For example, when entering a new event
into the calendar, Hewlett Packard’s iPAQ provides a dropdown box with
a list of past locations. Using the pointer and touch keyboard, the device
uses word prediction and displays a high probability candidate word in a
box at the bottom of the display. These features build knowledge into the
device and help reduce errors.

Many software development programs have integrated dropdown help
features into their products to help reduce programming errors associated
with command, syntax, and formatting statements. One example is Microsoft
Visual Studio. When the programmer enters the command “Dim test As Int”,
it says to dimension the variable “test” as an integer “Int.” However, there
are many types of integers and the system provides a dropdown box on the
screen, next to the command, providing integer dimensioning options. As
the programmer highlights each option (e.g., Int16), an explanation box is
provided to the side. This element is part of the IntelliSense feature, which
provides such information for system instructions and commands.

This example illustrates several universal design strategies. Microsoft
Visual Studio is a very complicated and complex program to use [13]. The
dropdown help or option boxes build knowledge into the system so that the
user does not have to go into the Help System. The dropdown box provides
the programmer with options for the specified command, thus reducing the
probability of an error. If the dropdown boxes are insufficient, then the users
can go to the Help System, which provides more detailed information. 

 

Error-proofing for training and educational processes

 

The opening discussion on error-proofing noted that in an educational or
training system, where people learn by making mistakes, one should
error-proof those elements of the process not critical to the learning
objectives, and then manage the errors in the process segments not directly
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associated with the educational objectives so as to facilitate the educational
process. Figures 10.5 through 10.8 illustrate this idea.

Figure 10.5 illustrates the basic idea. Manage errors during the educa-
tional activity and error-proof the other non-value-added activities, that is,
activities not directly related to the educational activity. Figure 10.6 illustrates
this idea for the educational activity of writing a report, using a computer,
in a school classroom. Figure 10.6 shows the essential elements of a computer
set up for a writing class. The value-added or educational activity is the

 

writing process

 

, the box with a heavy border. All the other activities are
considered non-value-added with respect to the creative act of the 

 

writing
process

 

. 
Computer access must be guaranteed accessible for all students. This

access could include the standard keyboard/mouse arrangement as well as
a variety of assistive technologies. All students need access to the application
program, in this case a word processing program. This means selection of a
word processing program and selection of all required assistive technology.
Note that the assistive technology changes at each point in the process. The
next stage is access to the specific word processing system. Again, this
involves a variety of system configurations and integration with assistive
technologies. If all these stages are not error-proofed, then the students and
teachers may spend a lot of non-value-added time and energy finding hard-
ware or software, problem-solving, and fixing problems. These
non-value-added activities are associated with tasks not directly related to
the creative act of writing. They lead to student and teacher frustrations and
possibly never getting to the value-added task of writing.

When the student is finished writing, the resultant document needs to
be delivered to the teacher for assessment and comments. As noted in Figure
10.6, there are many ways this can be done, and all necessary options should
be error-proofed to, again, avoid the frustrations and issues related to the

 

Figure 10.5

 

People learn by making and correcting mistakes. Manage errors for that
part of the process. Error-proof the remaining steps to avoid non-value-added activity
and wasted time and energy.

Setup &

preparation

End activity

transition 

clean up

Educational 

activity
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Error-proof
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non-value-added tasks of problem-solving and fixing printer problems, stu-
dent accessibility to a printer, or mode of distribution.

Figure 10.7 shows the same diagram but with a different educational
objective. Here, the value-added activity is to learn how to ensure accessi-
bility and use of a specific word processing program. The associated task
boxes are outlined with a heavy border. In this case, the learner is allowed
to make mistakes in many more tasks. However, it is still important to
error-proof the remaining non-value-added tasks.

Figure 10.8 shows the same diagram, only here the educational activity
is to learn about the accessibility and use of computer-based word processing
systems. The educational goals now encompass all the activities. The learner
is now free to make errors in all the associated activities.

All training and educational processes should clearly identify their edu-
cational goals and objectives. This will define what elements of the overall
system are value-added or non-value-added components. The
non-value-added components must then be error-proofed and the core edu-
cational activity error-managed for effective learning to occur.

 

Figure 10.6
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Conclusions

 

People make errors. People are forgetful. Error-proofing strategies are
employed to reduce or eliminate errors but the implementation of these
strategies also yields processes that are more efficient, safe, and predictable.
These are beneficial synergistic effects.

When someone makes an error, it must be corrected and/or the effects
of the error must be fixed, taking time away from the desired task or objec-
tive, and introducing inefficiencies. Errors can lead to accidents where people
can be hurt, and facilities and equipment destroyed. From a process perspec-
tive, accidents and their consequences create inefficiencies and unstable and
unpredictable environments and processes. The occurrence of errors can
render a process unpredictable in that one never knows when something
will go wrong.

Error-proofing is a process-oriented universal design principle. The sys-
tematic utilization of error-proofing strategies leads to a variety of synergistic
effects. These will be considered in chapters 11 and 12.

 

Figure 10.7

 

 

 

Here the educational focus is to learn how to ensure accessibility and
use a specific word processing program. Because the learning objectives include more
activities, there are more opportunities for errors. The associated activities have a
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chapter eleven

 

Efficient (muda elimination)

 

Chapter goals:

 

• State the universal design principle dealing with efficiency and pro-
vide design strategies.

• Define non-value-added activity in relation to efficiency.
• Provide example applications of the strategies.

 

Efficient (muda elimination)

 

Principle

 

Designed entities need to be efficient in that they have reduced as much of
the non-value-added activities as possible and/or is reasonable. In 

 

kaizen

 

terms, one would say 

 

muda elimination

 

 [1]. 

 

Muda

 

 means waste in Japanese;
however, “the implications of the word include anything or any activity that
does not add value” [1].

 

Discussion

 

Non-value-added activity (NVAA) is an important process concept. NVAA
is any activity that does not directly add to the successful and timely com-
pletion of the task or activity [2]. Like the other universal design process
principles, efficiency is a broad concept that places constraints on a number
of human factors principles and strategies. One factor is the use of ergonomic
principles that reduce the NVAAs of carrying, lifting, and material handling
[2]. Efficiency includes the reduction of storage and waiting times [2]. It
includes the efficient use of natural resources and consumable materials [2].
For manufacturing or assembly jobs, non-value-added activity has been
classified according to seven categories: (1) overproduction, (2) inventory,
(3) repair/rejects, (4) motion, (5) processing, (6) waiting, and (7) transport
[1]. Similar non-value-added categories can be associated with service-sector
jobs.
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Most discussions of universal design do not include efficiency, or alter-
natively 

 

muda

 

 elimination. 

 

Muda

 

 elimination has typically been associated
with 

 

kaizen

 

, continuous improvement, techniques for the workplace, but

 

muda

 

 elimination is a powerful and universal concept that touches on issues
not raised by more traditional discussions of universal design.

From a building or facilities point of view, 

 

muda

 

 elimination would
include providing doors, walkways, elevators, and escalators so as to allow
an efficient flow of people for normal operations. It means placing handi-
capped parking reasonably close to curb cuts, ramps, and building entrances
so that people using handicapped parking spaces do not have to negotiate
long and circuitous routes to gain access to the building or facilities.

Consumers want products that are easy to use and do what they are
supposed to do. If something keeps breaking down or malfunctions or is
too complex or confusing to operate, if you constantly have to refer to the
users manual or keep making “silly” mistakes, you soon stop using the
product. Consumers do not want to engage in a lot of wasteful and frustrat-
ing NVAA.

Viewed as the elimination of anything or activity that does not add value,

 

muda

 

 elimination has potential utility for consumer product design. For
example, studies have shown that people use relatively few of the hundreds
of options available with most commonly used computer word processing
programs [3]. Does the added complexity associated with a proliferation of
added features add value to a product? In his book entitled 

 

Crossing the
Chasm,

 

 Moore presents a model of consumer buying behavior with respect
to technology products [4]. The largest percentage of consumers are not
interested in all the bells and whistles; they are looking for a product that
will address their relatively narrow set of problems. The added complexity
resulting from a large collection of mostly never-used features not only does
not add value, but for many people actually reduces value [4].

Similar issues of choice arise with the choice of service options, such as
which mobile carrier to use, which retirement plan, which medical plan. In
the 

 

Paradox of Choice

 

, Schwartz makes the argument that contrary to popular
opinion we can indeed have too many choices [5]. Furthermore, the prolif-
eration of choices can lead to a decision anxiety wherein people simply do
not make a choice. Schwartz cites public opinion surveys that show that the
“majority of people want more control over the details of their lives, but a
majority of people also want to simplify their lives” [5]. This, according to
Schwartz, is the paradox of our time [5]. This paradox presents an interesting
challenge to designers.

Service operations should be designed to provide fast, yet error-free,
service to clients. Waiting for a person on a phone-based ordering or infor-
mation service is non-value-added activity for the client. Sitting in a doctor’s
office waiting to see the doctor is non-value-added time for the patient. It is
common practice to design such cueing systems to maximize the use of the
expensive human resource—that is, sales agent, information provider, or
physician. Such a design places much less value on the consumer or client.
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Breakdowns and poor maintenance operations lead to non-value-added
activity and inefficiencies. For example, a person in a wheelchair who has
to wait for four buses to pass by his stop before one comes along with a
wheelchair lift that works exemplifies non-value-added activity for the con-
sumer.

Work can be viewed as a series of processes or steps. Work steps can
add value to the product. For example, in manufacturing, a piece of steel is
milled into a shape. In an assembly task, parts are joined together. In the
service sector, information is added to a document, French fries are added
to the customer’s plate, or purchased merchandise is placed into a bag for
the customer. Other steps do not add value to the product. Such
non-value-added steps include parts waiting for transport to the next man-
ufacturing or assembly step, lifting heavy parts from the floor to a tabletop,
a restaurant dinner order sitting on the counter getting cold while waiting
for a server to take it to the customer, or inspection of a part after an assembly
operation. Hence, process resources, which are people and/or equipment,
either can add value or do not add value.

 

Design strategies

 

What makes something easy to use? Certainly ergonomic considerations
such as control placement, knobs that turn easily, etc., are factors. People
need good, reliable affordances, mappings, and feedback, that is, they need
knowledge built into the system. People should be able to perceive feedback
and be able to interact with the product.

 

Strategy 16: Reduce or eliminate non-value-added activity (NVAA)

 

This is the fundamental strategy with respect to efficiency. Non-value-added
activity covers a broad spectrum of process functions. This strategy comple-
ments many of the other strategies, and process simplification is often a
result of reducing or eliminating non-value-added activity because task or
activity elimination is the main objective.

 

Strategy 16.1: Use quality control and reliability engineering 
techniques to reduce or eliminate NVAA due to repair and 
rejects, and excessive waiting due to setup and equipment 
breakdown

 

Quality control and reliability engineering techniques are designed to reduce
or eliminate equipment breakdown and process failures. Their application
is intended to yield products and processes that are reliable, and easy to set
up and configure.

Error recovery and correction is another form of NVAA. The cognitive
elements of design address non-value-added activity such as errors and the
time and resources required to correct for or undo them; this could include
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re-booting or re-starting the system, having to make equipment repairs or
replacements. It would include non-value-added activity such as frequently
having to stop to read a help menu or the instruction manual because the
affordances, mappings, constraints, and feedback do not provide sufficient
knowledge and information for product or process operation.

 

Strategy 16.2: Make the designed entity as simple and easy to use as 
possible

 

The efficiency principle and this design strategy integrate elements from all
the previous principles and strategies, but do so with a broader product,
process, and systems perspective. It is the integrated and cumulative effect
of these human factors principles along with flexibility and error-proofing
that culminate in an entity that is easy to use and simple. The design empha-
sis on easy-to-use and simple brings to the fore the balance a designer faces
between designing a general-purpose device that offers wide functionality
and options versus designing an appliance or a device targeted at one or
two specific functions with few if any frills or options.

 

Appliances versus general-purpose devices

 

The efficiency principle and this strategy bring into a focus a central issue
with respect to the design of electronic and information technology, that of
appliance versus general-purpose device. The microprocessor, nano-devices,
and the very large scale integration and packaging of components has and
continues to revolutionize electronics and information technology industries.
Designers can provide options, features, and functions in profusion for little
additional cost. The choice from a design point of view is to design devices
that address a very specific function and nothing else, or design a gen-
eral-purpose device that embodies a variety of functional capabilities.

In his book entitled 

 

The Invisible Computer

 

 [3], Norman reproduces a page
from the 1918 Sears Roebuck catalog advertising a general-purpose electric
motor system. The core was an electric motor that ran off home electricity.
The motor came with a variety of attachments that allowed one to configure
a fan, a grinder, a churn, beater, a sewing machine, and more than 15 other
applications (see Figure 3.1 in [3]). Today we smile at such an advertisement.
Electric motors are embedded in thousands of products and devices, from
fans to watches, door openers, car window openers, power tools, and on
and on. The electric motor has become invisible as an embedded element in
an appliance. This is what is happening with the application of microcom-
puters in E&IT (electronic and information technology) products. However,
the design inclination to add features and options has remained strong.

As an example, consider the design challenges associated with the human
interface for the variety of mobile electronic devices, cell phones, PDAs, GPS
devices, watches with a multiplicity of functions, navigation devices, etc.
Designers are “looking at” a shrinking interface display. Designing a robust
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intuitive user interface is one of the most difficult engineering design tasks
[6]. All the perception issues emerge from being able to see the display (size,
contrast, brightness in different environments), hearing auditory cues,
prompts, or messages, and having the system understand voice commands,
to the size of the keys and control buttons, and the size, placement, and density
of the icons for stylus touch options. Complexity is another issue; how many
and what options and features will be supported? The technology can support
more options and features than anyone could ever use.

Norman argues that packing too many features and options into one
device is inefficient for users in that they will never use all the features and
the features build in too much operational complexity [3]. Norman’s argu-
ment complements that of Moore’s in 

 

Crossing the Chasm 

 

[4]

 

. 

 

Norman argues
from a usability point of view and Moore from a marketing perspective. To
counter the proliferation of features, Norman argues for the design of appli-
ances, that is, devices designed for one specific function that are essentially
plug-and-play.

Recall the Freeplay radio (see Figure 2.2). It is easy to use and exemplifies
efficiency and universal design in a number of ways. It can be considered
an appliance. The original radio was to work without the need for main
power or batteries. The latest radio models also have solar panels and
rechargeable batteries [7].

The following is an advertisement quote from the Freeplay website.
“Freeplay’s newest radio is the ideal portable product that you can take with
you anywhere. Designed for people who want to enjoy the outdoors and
who appreciate the security of a failsafe radio, this radio is fun and conve-
nient, anytime, anywhere” [8].

The radio is easy to use, having only the essential controls: power (on/
off), volume, and tuning. It is efficient in its use of power and also flexible
in terms of its source of power (wind-up, solar, and rechargeable batteries.).
Because of its ease of use, durability, flexible power requirements, and reli-
ability, the Freeplay radio has become very popular with hikers, campers,
mountain climbers, and people in remote areas.

Another appliance is the LilTrak 255 pedometer with an embedded
microprocessor. This device allows the user to calibrate one’s stride length
to inches, and the device counts steps and converts them to distance walked.
The user can display steps or distance (in miles or kilometers). The device
also contains a stopwatch. All the measured elements can be reset to zero.
There are three control buttons. A three position slide switch is used to select
stop-watch, number of steps, or distance. There are two large buttons, one
on either side of the device. One always resets the display, regardless of the
unit being displayed. The other button only works in the distance mode and
pushing it enters the stride calibration procedure. This device could have
been designed to be much more complicated and offer many more options
and features. In its current form it is an appliance designed for three essential
functions.
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Process and service considerations

 

Process and service applications exhibit NVAAs in the form of waiting and
excessive transportation or travel. Wheelchair users and those with mobility
problems, those using crutches or walkers, often experience unnecessary
NVAAs. If handicapped parking is not close to an accessible entrance, then
the customer may have an unnecessarily long route from parking place to
entrance. Often there is no curb cut in close proximity to the parking place
and the customer must first find and then travel to the curb cut to gain access
to the building. Wheelchair-accessible elevators may be inconveniently
placed. Wheelchair-accessible toilets may be few and far between, thus caus-
ing the consumer to spend time and energy finding them.

 

Strategy 16.3: Avoid complexity in that it leads to NVAA

 

Designers should use an appropriate level of language in the users manual,
operating instructions, technical references, and support material. User activ-
ity such as rereading sections striving for clarity, looking up material in
additional resources, and seeking additional human support are all forms
of NVAA.

Phone service systems exemplify many NVAAs. First, the user is typi-
cally required to enter a series of numbers in response to questions and then
after negotiating the “touch-and-go” process must wait until service is pro-
vided. If the response time is too short or the sequence of options so long
that people cannot respond fast enough or forget what number takes you
where, then the process fosters frustration and errors.

Designers should keep instructions and the sequence of operations as
simple as possible. Recall that people have problems with activities that
require remembering a lot of detail and alphanumeric codes or data. For
example, some older office phone systems used arbitrary numeric codes to
perform call functions. With one such system, if while taking a call and
another call arrived, the user received an auditory signal. To place the active
call on hold and receive the incoming call, the user had to depress the “flash”
button twice, and then enter the digits 115. The vender supplied a trifold,
small-print, printed on both sides, folder, “quickie guide” to help the user.
Needless to say, the system was a bust. People could not remember all the
arbitrary codes and rather than engage in frustrating NVAA, did not use the
features and switched to a new system as soon as feasible.

Word processing programs that provide spellcheck features improve
user efficiency while reducing the probability of an error. Having to correct
spelling and grammatical errors is an NVAA. Typically, the spellcheck feature
has options that can be activated or deactivated by the user. One can select
an automatic correction mode or use the spellcheck from the toolbar. The
spellchecker also provides a rudimentary grammar check and recommended
alternatives. For most people, such features are convenient but many people
could not use the technology if these features were not present.
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Having to use computer-based online help systems is an NVAA in that
time spent looking through the help material is time not spent working on
a task. The best approach is to design the entity so that the user does not
need to consult the online help. If that is not possible, then build knowledge
into the system to make the process simpler and quicker. One example of
this approach is the Dynamic Help feature used in the Microsoft Visual
Studio program [9]. When this feature is activated, the screen splits vertically,
with the right-most window displaying the instruction manual. As the pro-
grammer enters commands and instructions, the Dynamic Help window
changes the displayed topic to coincide with the current command or instruc-
tion. If the programmer needs more information, it can be presented in
another window.

In the design of service operations, too many choices can be confusing
to consumers; recall the “paradox of choice” [5]. While Schwartz presented
the “paradox of choice,” he also argued for the following strategy to deal
with choice: “Choice within constraints. Freedom within limits” [5]. Service
designers must avoid the temptation to offer the client everything. In 

 

Paradox
of Choice,

 

 Schwartz presents an example wherein a mid-sized accounting
firm increased the number of retirement plans from 14 to 156. The employees
had a very difficult time making a decision. Many did not make a decision
for a very long time. People spent a lot of time studying the plans, trying to
figure out which was best for them. Up to a point, such study is valuable.
However, if dragged out, such study is clearly an NVAA. Another way to
describe the “Choice within constraints. Freedom within limits” design strat-
egy is to design a decision tree for service options that is not excessively
deep or wide.

 

Strategy 16.4: Use task analysis techniques to identify tasks or 
activities that can be eliminated or redesigned so as to reduce 
or eliminate NVAA

 

Task analysis tools are designed to identify tasks that exhibit unnecessary
motions or energy, tasks that serve no real purpose, tasks that are too com-
plicated, tasks that exhibit excessive waiting due to setup and equipment
breakdown, and/or tasks that exhibit transport problems such as poor tim-
ing, too frequent or infrequent.

For example, an assembly operation has the worker walk to an inventory
storage area behind his workbench and pick up a large, but lightweight,
plastic frame and place it on his workbench. The worker then reaches for
other parts stored in bins within easy reach. All these task elements have
been designed so as to be ergonomically sound. However, in this process
the worker having to walk to get the plastic frame and pick it up and carry
it to his workbench is non-value-added activity.

An agile system design might have the large plastic frames stored in a
device that is near the workbench. The device not only stores frames, but
also has a mechanism whereby the worker can push a button and the frame
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is dispensed into position on the workbench. Such a design is more efficient
in that the non-value-added activities of walking, picking, carrying, and
placement have been eliminated or greatly simplified.

The job is also more accessible because the physical demands of the job
are greatly reduced. With the new agile device, perhaps a person in a wheel-
chair can now do the job. Such job redefinitions are critical with respect to
Title I of the ADA, wherein the concept of a job’s essential functions is
defined. In the original process, it would be natural to say that being able
to walk, pick, and carry the plastic frame are essential functions of the job.
However, with the redesigned job, those are no longer essential functions of
the job.

Inspection of process operations or products is a non-value-added activ-
ity [2]. The counting example (Figure 10.2) and the kit assembly job (from
Chapter 10) illustrate jobs where the “before improvement” process pro-
moted miscounting errors. The “before improvement” processes required an
inspection step at a subsequent station [10]. Another worker had to inspect
the packaging or kit to make sure all the components were present and in
the correct amount. After the improvement, the processes were error-proofed
to the point that the inspection step was not necessary. Removal of the
inspection step renders the overall job less complicated because there are
fewer steps. The worker assigned to the inspection task can be reassigned
to a more productive, value-added job.

 

Conclusions

 

These examples illustrate several points with respect to efficiency as a uni-
versal design principle. First, it focuses on the process. While individual task
elements might be ergonomically sound, perceptible, and cognitively sound,
they might not add value to the process and in that sense the entire task is
a candidate for removal or redesign. Second, removing a process activity
and/or redesigning the process typically makes the process simpler (fewer
steps) and often reduces both the physical and cognitive demands of the
process rendering the process more accessible. Third, the process redesign
can redefine the essential functions of the job. Changing the essential func-
tions of the job has legal implications with respect to accessible design as
specified in Title I of the ADA.

It is virtually impossible to remove all non-value-added activity from
processes or products. Some systems are just very complex and will require
extensive help features and users manuals. It may be impossible to remove
all carrying or lifting. It may not be practical to use forcing functions as an
error-proofing strategy but rather provide warnings that an operator can
choose to ignore. The goal of this universal design principle is to create the
most efficient system, product, process possible, that is, feasible given all the
design constraints.
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chapter twelve

 

Stable and predictable

 

Chapter goals:

 

• State the stable and predictable universal design principle.
• Define common cause variability and discuss its importance in terms

of universal design.
• Present design strategies that work to reduce common cause vari-

ability.
• Provide examples of applying these design strategies.
• Demonstrate the hierarchical and synergistic relationships among the

universal design principles and strategies.

 

Stable and predictable

 

Principle

 

Design entities to reduce common cause variation. That is, design entities to
be stable and predictable so that users can expect performance that supports
the desired activity.

 

Discussion

 

While each entity presents unique requirements for stability and predictabil-
ity, a common theme across all designed entities is the need to reduce the
inherent variability of using the entity.

Reducing the inherent variability in a process is a fundamental universal
design principle and key to creating stable, predictable systems. Every task
and process naturally has a certain amount of variability or variance. Deming
termed this variability 

 

common cause

 

 [1]. Everyday occurrences, such as traffic
volume and the timing of traffic signals, contribute to the time variability
associated with one’s drive to work. An accident or severe storm is an
exceptional event that is not common to the process. Deming termed such
events 

 

special causes

 

 [1]. In terms of design activities, designers need to plan
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for the occurrence of special cause events (malfunctions, breakdowns, com-
ponent failures, fires, tornadoes), but they typically have no control over
these special cause events. On the other hand, designers do have the ability
to reduce common cause events and problems associated with common
cause variability.

The task of balancing a broom on the open palm of one’s hand, broom
bristles up, provides an example of common cause variability. The laws of
physics introduce a great deal of variability and can make this task quite
difficult. An accomplished balancer has the expertise and skills necessary to
balance the broom; however, most people would scurry around trying, to
no avail, to keep the broom balanced. Most individuals simply do not possess
the skills necessary to overcome the variation inherent in the process to
successfully perform this job.

However, if the process is redefined by holding the broom in two hands
and introducing some technology, such as bracing the broom handle against
a tabletop, many more people can successfully perform the task. The rede-
fined process—that is, the use of two hands to hold the broom and the use
of technology (desktop)—enables improved performance and makes the task
more accessible by reducing the variation inherent in the process (Figure
12.1). This illustrates a typical strategy for reducing the variability associated
with processes: redefine the processes and incorporate enabling technology.

A stable and predictable designed entity takes on very different forms,
depending on the context. For example, from a buildings and facilities per-
spective, control of the physical environment in terms of temperature,
humidity, light, noise level, etc., is fundamental. There should be no wild
temperature fluctuations; nor should there be severe fluctuations in light or
noise level, or in electrical power. Elevators, escalators, and all infrastructure

 

Figure 12.1

 

Common cause variability associated with balancing a broom versus the
use of a table to help stabilize the broom.

Broom

Table
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systems should be reliable. The common cause variability of these elements
should be very low, essentially zero. 

From a driver’s perspective, reduced inherent variability of an automo-
bile means that first and foremost the automobile should be safe and reliable.
It should not break down frequently; it should start every time; and the
windows, radio, and other component systems should function properly.
When considering a computer system, consumers also want it to function
without software crashes or hardware malfunctions. The system should
behave consistently. An application program should not introduce random
events such as an unpredictable movement of the cursor or skipping lines.
Users want stability and predictability.

 

Design strategies

 

Designers need to create entities that exhibit the least common cause vari-
ability as is reasonably possible. Common cause variability can be addressed
at two levels: (1) macro and (2) micro. The macro level covers broad national
and international standards, while the micro level targets individual prod-
ucts and processes. Figure 12.2 shows the strategies associated with this
design principle. The macro level is discussed first, followed by the
micro-level strategies. At the macro (national and international) level, the
most powerful force for the reduction in variability is the creation of product,
process and service standards. At the micro level common cause variability
arises from three major sources: (1) the human-product/process interface,
(2) the product, and (3) the process. While related, each of these sources of
common cause variability has unique factors that warrant individual con-
sideration. The discussion starts at the macro level.

 

Strategy 17: Work to establish national and international standards 
for products, processes, and services so as to reduce their 
common cause variability

 

From a national and global perspective, standards are essential for product
development and sales—both nationally and internationally. In the early
1880s when light bulbs were first invented, bulbs and sockets came in more
than 175 different sizes. Things were so confusing (highly variable) that by
1884 a standard had emerged for bulbs and sockets [2]. Another major
problem in the late 1880s was the variability and lack of standards for threads
on hoses, screws, and other industrial parts that were supposed to fit into
one another [2]. It was not until 1901 when the U.S. Congress created the
National Bureau of Standards

 

 (

 

now known as the National Institute of Stan-
dards and Technology, NIST) in the Department of Commerce [3] that the
variability and chaos started to be eliminated

 

.

 

NIST is now an agency of the U.S. Commerce Department’s Technology
Administration. NIST was the federal government’s first physical science
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Figure 12.2

 

Common cause variability of products and processes can be reduced by a variety of strategies. Shown here are a macro-level
strategy and a number of micro-level strategies. The micro-level strategies target the human–product/process interface, the product, and
the process.

Principle design entities to

reduce common cause variation.

Strategy 17  Work to establish national and 
international standards for products, 
processes, and services so as to reduce their 
common cause variability. 

Strategy 18  Reduce the common cause 
variability associated with the person’s 
interaction with the product or process. 

Strategy 19  Reduce common cause 
variability by use of quality control 
and reliability engineering 
techniques to ensure proper 
functioning of the product.   

Strategy 20  Reduce common 
cause variability associated with 
process use, this includes work 
related processes as well as service 
operations.

Strategy 20.2  Reduce the common cause variability 
associated with environmental factors and process 
control and management practices. 

Strategy 20.2.1  Utilize the 
Five Ss  (5’s). 

Strategy 20.2.2  Utilize 
workplace organization.  

Strategy 20.2.3  Utilize standardized 
work procedures.  

Strategy 20.2.4  Utilize visual 
controls.

Macro

Micro

Interface Product Process 

Strategy 20.1  Reduce common cause variability by use 
of quality control and reliability engineering 
techniques to ensure proper functioning of the process. 
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research laboratory. In the early 1900s, the United States had few, if any,
authoritative national standards for any quantities or products. Regional and
local standards were often arbitrary and conflicting. This confusion made it
very difficult for American companies to get parts that fit together properly
[3].

 

 

 

NIST worked to develop national standards that facilitated economic
growth by reducing or removing the variability associated with no standards.

In 1918, the American Engineering Standards Committee (AESC) was
formed to serve as the national coordinator in the standards development
process as well as an impartial organization to approve national consensus
standards and halt user confusion on acceptability [4]. The American
National Standards Institute (ANSI) adopted its present name in 1969. ANSI
is a private, non-profit organization that administers and coordinates the
U.S. voluntary standardization and conformity assessment system [4]. ANSI
standards cover virtually every product and service. ANSI represents the
United States in the International Organization for Standardization (ISO), a
worldwide federation of national standards bodies representing more than
145 countries. The ISO is a nongovernmental agency based in Geneva, Swit-
zerland, with the mission of promoting the development of international
standardization with a view to facilitating an international exchange of
goods and services [5].

 

 

 

Without the standards developed by these organiza-
tions, there would be chaos in terms of product design and marketing. There
would be no guarantee that a CD (compact disc) made in the United States
would work in France.

In addition to product standards, there are also manufacturing and
assembly process standards . Along with ANSI and the ISO, the IEEE (Insti-
tute for Electrical and Electronic Engineers) and the International Council
on Systems Engineering (INCOSE) are very active in national and interna-
tional process standards activities [6, 7].

For the remaining discussion of variability, it is assumed that national
and international standards for products and processes are specified, and
that as designers we must work within the constraints afforded by these
various standards. Hence our attention will move to the micro level, that is,
the design of specific products or processes.

Recall that a process can be defined as a collection of related tasks or
activities that lead to results. Process tasks and activities can involve the use
of devices. In this context, common cause variability can originate from the
person, the product (device), or the process.

 

 

 

Hence we need to look at design
strategies that focus on this broad spectrum of causes—strategies that focus
on the person/system interface, the product, and processes and services.

 

Strategy 18: Reduce the common cause variability associated with the 
person’s interaction with the product or process

 

As designers we must deal with human variability; anthropometric differ-
ences, cognitive differences, and varying memory and motor skills, but we
can influence the interface between the human and the product or process.
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It is virtually impossible to remove the common cause variability associated
with human performance. Each person will induce a variability that is asso-
ciated with his or her own unique native endowments, skills, abilities, train-
ing, etc. However, a systematic application of the earlier design strategies
will keep this variability to a minimum for each person.

A systematic application of the human factors design strategies con-
strained by the design’s functionally demanded process requirements goes
a long way toward reducing common cause variability associated with the
human/system interface. In essence, employ appropriate human factors con-
siderations, build knowledge into the product and process to guide the user
in its operation, and use error-proofing techniques to reduce or eliminate
user errors. Reduce complexity by identifying and eliminating
non-value-added-activity (NVAA).

The common cause variability inherent in products (devices) and pro-
cesses is considered next. The most fundamental strategy regarding the
reduction of common cause variability for any product is to make sure that
it is reliable and functions properly.

 

Strategy 19: Reduce common cause variability using quality control 
and reliability engineering techniques to ensure proper 
functioning of the product

 

This universal design strategy covers the more traditional concepts of quality
control and reliability at both the macro and micro levels, that is, interna-
tional and national quality control and reliability standards [8, 9], as well as
high corporate standards and requirements [10–12]. Users expect products
or process to do what they were designed to do, when they are supposed
to do it, and do it without unexpected results.

Stability and predictability result from high-quality products and pro-
cesses that are not only reliable, but also safe.

 

 

 

Designers must be aware of
a variety of organizations whose mission is to ensure consumer safety and
product compliance with established safety regulations and guidelines. For
example, the U.S. Food and Drug Administration (FDA) has announced its
plan for strengthening the way it monitors the safety of medical devices after
they reach the marketplace [13]. The Underwriters Laboratory, Inc. (UL)
started in 1894 as the “Electrical Bureau of the National Board of Fire Under-
writers” has evolved into an international testing and standards develop-
ment laboratory for a wide range of consumer products [14]. Working in
conjunction with ANSI, the ISO, and other standards-setting organizations,
UL has developed more than 800 standards for product safety [14]. The UL
website provides detailed information as to how a company may proceed
to apply for and secure UL certification for its products [14].

Process tasks and activities can involve the use of products, that is,
devices. A product can fail because a component breaks, a switch breaks, a
wire comes loose, the soldering is bad, the fittings come loose, etc. A process
can fail because one or more of the products or devices that are used in the
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process fail. Such reliability and process failure analysis flows from tradi-
tional engineering disciplines associated with complex system design and
failure analysis.

 

 

 

For example, the IEEE Reliability Society, with chapters in
60 countries worldwide,

 

 

 

“is concerned with the problems involved in attain-
ing reliability, maintaining it through the life of the system or device, and
measuring it. The Society is engaged in the engineering disciplines of hard-
ware, software, and human factors. Principal focus is on aerospace, commu-
nications, components and hybrids, computers, industrial electronics, lasers
and electro-optics, medical electronics, nuclear and fossil power systems,
and transportation systems. Reliability is integral to Availability, Maintain-
ability, Quality, and System Safety” [15].

Processes also fail because of environmental factors, and process control
and management practices. Strategy 20 covers processes, in general. The
substrategies consider the different sources of common cause variability.

 

Strategy 20: Reduce common cause variability associated with process 
use, this includes work-related processes as well as service 
operations

 

It is axiomatic in process engineering and management circles that a system
can neither be improved nor can a system’s goals be achieved if the system
is unstable, that is, exhibits too much variability [1, 16].

 

 

 

This strategy draws
on traditional systems engineering strategies as well as all the preceding
human factors principles and strategies and all the preceding process prin-
ciples and strategies. This strategy emphasizes the synergistic nature of
universal design. The systematic utilization of these previous strategies
works to reduce common cause variability.

The first substrategy focuses on the traditional systems and industrial
process engineering disciplines and methods.

 

Strategy 20.1: Reduce common cause variability using quality control 
and reliability engineering techniques to ensure proper 
functioning of the process

 

Systems engineering and industrial and manufacturing research are the tra-
ditional disciplines for the reliability, quality control, and analysis techniques
referred to by this strategy [17–19].

The classic approach to the management of process variation is Six Sigma
[20, 21]. Six Sigma and its variants form a vast body of knowledge, and
therefore only a brief overview of the approach is provided. Six Sigma
originally began as a method to reduce defects in production systems. Start-
ing around 1986, Bill Smith at Motorola pioneered the use of metrics, devel-
oped using statistical techniques, for reducing production variability and
hence limiting defects [21]. (Note that “Six Sigma” is a registered service
mark and trademark of Motorola, Inc. [21].)
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While Six Sigma had its origins in production defect control it has grown
to include applications of variation management to all kinds of processes
[22]. For example, healthcare [23, 24], banking [25, 26], construction [27],
insurance [23, 28, 29], the military [30], and education [31–34]. Given this
broad spectrum of application areas, two generalized approaches have
emerged, one for the analysis and redesign of an existing process and one
for the design of a new process. In the analysis and redesign of an existing
process the DMAIC approach can be utilized; define, measure, analyze,
improve, and control [21].

 

 

 

For new process design a variation called DMADV
is used; define, measure, analyze, design, and verify [21].

For both approaches, the starting point is to carefully define the goals
of either the improvement or the new design. In both approaches, the second
step is to measure either the current state of affairs (a baseline condition
against which to assess improvements) or for a new design to identify and
estimate key process parameters. The third step in both approaches is ana-
lysis. For process improvement and redesign, it is necessary to verify rela-
tionships among the key process parameters. For process design it is impor-
tant to develop and analyze design alternatives with respect to the key
process parameters. This typically involves modeling and computer simu-
lations. The approaches diverge at the fifth step: implement the process
improvement for DMAIC and develop the final design for the DMADV
approach. The final step for the DMAIC process improvement approach is
to implement control and management procedures to ensure continuous
improvement. The final step of the design approach is to verify that the new
design is, in fact, doing what it was intended to do. This also includes the
implementation of control and management procedures to ensure continu-
ous improvement.

Both the DMAIC and DMADV approaches lay out very general steps.
Note their similarity to the definition of design as specified by Miller
[35]—“the thought process comprising the creation of an entity” presented
in Chapter 2. DMAIC, DMADV, and similar design frameworks provide
specific steps and procedures to Miller’s very general definition. Such frame-
works are necessary when dealing with complex design entities. In addition
to design frameworks, designers need tools to help them deal with system
and design complexity.

The tools and techniques utilized by the designers or planners vary,
depending on the process and the step [1, 16, 36–40]. Automated production
processes utilizing robotics and computer-controlled devices lend them-
selves to more mathematical and statistically sophisticated techniques, rem-
iniscent of the original applications at Motorola. If, however, the process is
an airline ticketing system or a telephone customer support service, the tools
used reflect the more subjective nature of the process. 

Probability theory is a fundamental tool in the analysis steps of both the
DMAIC and DMADV approaches. A very simple example is presented to
illustrate design insights provided by even elementary probability theory.
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Figure 12.3 illustrates a process with 4 sequential steps. Each step must
be successful for the overall process to be successful, and each step’s success
or failure must be independent of the other steps.

 

 

 

Let p1, p2, p3, and p4
denote the probability of success each of the steps. For simplicity, let all the
probabilities of success be 90%, i.e., p1 = p2 = p3 = p4 = 0.9. In process
reliability terms the reliability of each step is a relatively high 90%.

Based on this model, a designer can use probability theory to find the
reliability for the entire process, that is, the successful sequential operations
of all four steps. From probability theory, overall process success occurs
when all the steps are successful. The probability of this happening is the
product of all the step probabilities. Denote the reliability of the four-step
process by R4; then R4 = p1 

 

×

 

 p2 

 

×

 

 p3 

 

×

 

 p4 = 0.6561, or about 66 percent.
Although the reliability of each step is high, 90 percent, the overall process
reliability is low, 66 percent.

Figure 12.4 shows four independent processes in parallel. These pro-
cesses all perform the same task, and each process has the same probability
of success as before, 0.90. In this case, there will be a successful outcome if
just one of the processes works. The overall process fails only if all the steps
fail. The probability of failure for each step is 1 minus the probability of
success. Denote the probability of failure for each step as follows:

q1 = (1 

 

−

 

 p1) = 0.1, q2 = (1 

 

−

 

 p2) = 0.1, q3 = (1 

 

−

 

 p3) = 0.1, q4 = (1 

 

−

 

 p4) = 0.1

 

Figure 12.3

 

A four-step process is shown. The probability of success for each step is
shown: p1, p2, p3, and p4. Probability theory allows one to model the reliability of
the overall process in terms of each step. The overall process is successful only if all
the steps are successful.

 

Figure 12.4

 

This figure shows a process with four parallel steps. The process is
successful if at least one of the parallel steps is successful.

p1 p2 p3 p4

p1

p2

p3

p4
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The probability of the overall process failing is the product of q1 

 

×

 

 q2 

 

×

 

 q3

 

×

 

 q4 = 0.0001. The probability of overall process success, the reliability, is
1

 

−

 

.0001= 0.9999, or 99.99 percent. 
The overall system has a higher reliability than any one of the individual

subprocesses.
There are two obvious lessons a designer can learn from even such

simple mathematical modeling. First, it is not wise to design a process with
a large number of sequential tasks, even if each task has a very high prob-
ability of success. Second, redundancy, in the form of identical parallel oper-
ations, improves the reliability of a process. These are very general process
design results obtained from basic probability theory. Process designers have
much more powerful analysis and design tools at their disposal.

One example of such powerful design and analysis tools is the software
provided by Dassault Systemes [41]. Dassault supplies a collection of com-
puter-aided design (CAD) and analysis tools built around three-dimensional
viewing of the products, processes, and process resources [41]. These soft-
ware packages enable designers to design very complex processes and then
view in three-dimensional animation the workings of that process, which
can include human mannequins.

Design software such as offered by Dassault Systemes is a powerful
enabling technology. The design software is enabling humans to deal with
a level of complexity unheard of just 10 years ago with fewer errors and
higher quality. Just as Six Sigma techniques have outgrown their manufac-
turing origins, so has traditional CAD outgrown its manufacturing origins.
Virtually all traditional manufacturing companies in the automotive, air-
plane, shipbuilding, and railroad industries use such sophisticated CAD
software. However, this design software has found applications in clothing
and furniture design, jewelry design, architecture, theater stage and produc-
tion design, and choreography [41, 42].

The next strategy focuses on environmental factors and process control
and management practices.

 

Strategy 20.2: Reduce the common cause variability associated with 
environmental factors and process control and management 
practices

 

As noted previously, universal design is an umbrella term that covers a
variety of established disciplines and expertise. Lean production, total qual-
ity management (TQM), and the granddaddy of them all, the Toyota pro-
duction system (TPS), are such methods [11, 36, 43–45]. TPS, TQM, and lean
production methods deal with environmental factors and process control
and management practices. These techniques lead to improved product and
process quality, a reduction in non-value-added activities, and error reduc-
tion. Most importantly, however, is the synergistic power of these seemingly
simple techniques. This synergism can be better appreciated now that we
have discussed the essential universal design principles.
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To illustrate the synergism, consider two universal design principles that
coincide with lean production and TQM. One of the fundamental principles
is muda (waste) elimination [36, 37]. This is essentially the efficiency prin-
ciple of Chapter 11. The key idea is to reduce or eliminate non-value-added-
activity (waste). Error-proofing is another principle common to lean produc-
tion/TQM and universal design. By reducing errors, the designer reduces
the non-value-added-activity (NVAA) associated with correcting the conse-
quences of making errors. As noted previously, removing or reducing the
NVAA ergonomic activities, such as unnecessary lifting, carrying, or moving,
highlights the hierarchical nature of universal design principles. While the
ergonomic design of a lifting task or a carrying task might be within all
acceptable OSHA requirements with respect to safety, the functional require-
ments of the task might be achieved without the worker having to lift or
carry. From the efficiency principle perspective, lifting and carrying are
NVAAs and subject to removal; that is, process principles place constraints
on the lower-level human factors principles. Eliminating errors and NVAAs
tends to reduce complexity and simplify the process, which in turn tends to
reduce common cause variability.

This discussion considers four lean production/TQM strategies: (1) 5S,
(2) workplace organization, (3) standardized work, and (4) visual controls.
These strategies are process control or process management techniques.
While focused on business-oriented objectives such as improved quality,
improved production, and reduced costs, which are achieved in large part
by a reduction in common cause variability [1, 36, 37], these same methods
also reduce the physical and cognitive demands of a process, thus rendering
them more accessible for a broader spectrum of people [46, 47].

 

Strategy 20.2.1: Utilize the five Ss

 

The Five Ss basically state good housekeeping techniques. The 5’s are five
action verbs all starting with an S in Japanese (Seiri, Seiton, Seiso, Seiketsu,
Shitsuke) [37]. In English the five actions are Sort, Clean, Set in order, Stan-
dardize, and Progress.

Figure 12.5 suggests that the application of the 5’s lays the synergistic
groundwork for the application of other universal design strategies. If an
environment is clean and organized, then one does not have to lift and move
items in search objects. A clean, organized environment allows a designer
to build knowledge into the environment without being obscured by clutter
or misplacement.

Efficiency, ergonomics, and building knowledge into the process or envi-
ronment by using error-proofing strategies have all been discussed. The
application of each of these techniques individually brings benefits, but
together there is synergy. Strategies for building knowledge into the envi-
ronment and processes have been presented, from the human factors per-
spective in Chapter 8 and process perspective when dealing with efficiency
and error-proofing. Three more strategies are now presented which, when
implemented, build knowledge into the process or environment.
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Strategy 20.2.2: Utilize workplace organization

 

Workplace organization is another way to build knowledge into the envi-
ronment and create more self-managing processes, thereby reducing com-
mon cause variability.

Designers need to utilize design principles that reduce the common
cause variability inherent in work environments. Providing a safe, clean, and
comfortable facility is an obvious and critical step [37]. Providing environ-
ments that are more self-managing is another step. Figure 12.6 shows a
shadow diagram pegboard for tool storage. This is a simple self-organization

 

Figure 12.5

 

The 5S strategy deals with sorting, cleaning, setting things in order,
standardizing, and continuous improvement or progress. Implementing a 5S pro-
gram interacts synergistically with other universal design strategies.

 

Figure 12.6

 

Storage unit using a shadow diagram for tool location.
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mechanism. This simple technology provides significant self-managing fea-
tures as well as error-proofing. Most people know by looking at the pegboard
if a tool is present. Most people know to put the tools back over the corre-
sponding shadow diagram.

Chefs use the term mise en place. This is a French term meaning to have
all the ingredients necessary for a dish prepared and ready to combine up
to the point of cooking—that is, workplace organization.

 

Strategy 20.2.3: Utilize standardized work procedures

 

At the corporate job level, standardized work procedures are designed to
represent the best, easiest, and safest way to do a job; provide a basis for
training; and provide a means for preventing the recurrence of errors and
minimizing variability [36, 37].

In the martial arts, a kata is a sequence of prearranged movements or
techniques [48]. Katas are a training tool; they embody the essential blocks,
kicks, and movements associated with the specific discipline. Katas are clas-
sic examples of standardized work procedures. By mastering the kata, a
practitioner masters the fundamental elements of the martial art.

Standardized operating procedures are similar to katas in that they are
meant to coordinate the work effort and bring about a situation in which
workers automatically, but based on an accepted rationale  factory operation
is inherently flexible and adaptable [16, 49].

For nonimpaired workers, standardized work should result in efficient,
safe, cost-effective job processes. For the cognitively impaired worker, stan-
dardized work procedures create a stable, predictable work environment
wherein the worker knows exactly what should be done and when it should
be done. For many cognitively impaired workers, this structure allows them
to succeed and perform competently at a job [47]. For all workers, standard-
ized operating procedures reduce the common cause variability associated
with the work.

 

Strategy 20.2.4: Utilize visual controls

 

Visual controls are used to build knowledge into the environment. As such,
they serve to reduce error, improve efficiency, and reduce common cause
variability [37]. 

Visual controls employ the visual perceptual and representational strat-
egies presented in the human factors section, but visual controls convey
information. Visual controls must communicate information to a person to
be effective. Hence, the designer must make sure that the visual materials
can be perceived. The visual materials should clearly represent unambiguous
information. The function, purpose, and goals of a system inform the
designer as to what is important. The human factors capabilities of the
human agent inform the designer as to the nature of the visual materials
necessary to convey the desired information.
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The shadow diagram pegboard in Figure 12.6 is a visual control that
organizes the environment. To ensure that the shadow diagram pegboard
approach is successful, the workers must understand the meaning of the
system, that is, the tools go back to the pegboard and in the spot indicated
by the shadow diagram of the tool. 

Parking lots offer another set of opposing examples. Two different exam-
ples are presented. At many county fairs, farm auctions, or community
sporting events, people park their cars in an empty field. People try and line
up their cars in rows but usually the rows are wavy and disorganized.
Parking in a field without supervision illustrates a parking process with the
largest, of the two examples, common cause variability. In shopping malls
and parking structures, there are also usually no attendants, but there are
many visual controls that organize and render the parking process in the
parking environment self-managing with relatively little common cause vari-
ability. The parking spots are clearly marked by painted lines. There are
directional arrows on the floor, walls, and often hanging from the ceilings.
The floors are often color-coded and the sections numbered. Frequently,
standard traffic signage also  is present: stop signs, yield signs, no-parking
signs, etc. Modern parking structures are marvels of self-managing processes
using workplace organization, standardized work, and visual controls.

The parking structure works because drivers understand what all the
representations mean, what they communicate. Traffic signs and rules are
classic examples of standardized operating procedures. They reduce traffic
common cause variability. Think of driving without such standardization. 

 

Examples of the strategies and synergies

 

This section presents two examples that illustrate application of the principle
to reduce common cause variability. The first is a meter reading job, and the
second is an airport terminal. 

 

Example 1: Meter reading

 

This example demonstrates a variety of universal design principles and as
such emphasizes the synergistic effects possible. Suppose the job is to ensure
that a device is operating within specified limits as indicated by meter
readings. Figures 12.7(a) through (c) illustrate three different strategies
termed Level 1, Level 3, and Level 4. The strategy used in Level 1, Figure
12.7(a), is to have a person read the meters and record the values on a sheet
of paper. Then the person goes back to a reference book and checks to make
sure the recorded values are within the specified ranges. This is an
error-prone process. The person must be able to read, write, and interpret
or approximate the value of each meter. Judgments such as interpretation
and approximation are highly error-prone processes with a large amount of
inherent variability. The process is ergonomically bad in that the person must
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walk to the meter and then back to the reference book. This is also a
non-value-added activity.

The Level 3 strategy is less error-prone and exhibits less inherent vari-
ability. Here, the acceptable region is marked on the meter dial. The operator
simply notes if the meter readings fall within the marked region. Judgments
arise if the meter dial falls on a boundary. See Figure 12.7(b).

The Level 4 strategy reduces the cognitive load and hence inherent
variability of the task even further. The meter dials are rotated so that for
the acceptable readings, all the dials are oriented vertically, the acceptable

 

Figure 12.7

 

(a) This scheme has the highest common cause variability.

 

Figure 12.7

 

(b) This scheme has less common cause variability than Level 1, but still
leaves room for potential errors due to judgments about pointer position. 

VISUAL CONTROL SYSTEM
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regions still being marked on the dial. This strategy relies on human pattern
recognition. People can easily and quickly detect the vertical alignment. If
a dial is off vertical, then one can check to see if the dial is within an
acceptable region. In this strategy, the quick pattern recognition scheme adds
reliability if speed is essential. If the dials are off vertical, then the marked
region strategy applies. See Figure 12.7(c).

A universal design approach would favor Level 4 because it is cogni-
tively least demanding, is ergonomically least demanding, is efficient, pro-
vides error-proofing, and uses a perceptual scheme that humans are good
at (the vertical alignment of dials); and because of these factors, it has the
least inherent variability. Finally, all workers would be more efficient and
accurate using Level 4 and thus it is the most equitable.

 

Example 2: Airport

 

Airports use a variety of techniques to reduce common cause variability for
passengers and customers using their facilities. Figure 12.8 shows an airport
terminal lobby. The lobby is clean and organized following the 5S strategy.
Visual controls, the signage, help to control and manage the flow of passen-
gers through the terminal. Figure 12.9 shows a representation of the termi-
nal’s environmental organization. Ticketing, check-in, and security functions
follow highly structured, standardized operating procedures. When these
standardized procedures are clearly communicated to both employees and
passengers, the process works relatively smoothly.

Note the high contrast between the signage letters in Figure 12.8 and
the use of a simple, large font style for lettering. These features ensure

 

Figure 12.7

 

(c) The vertical orientation of the correct readings increase reliability and
reduces common cause variability if speed is important (e.g., dashboard dials in a
racing car).
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adequate perception of the signage. Not shown in the figures is a color-cod-
ing scheme used to designate different floor levels. Also not shown are the
error-proofing strategies built into the e-ticketing system. Under program
control, a device requests and accepts ticketing and passenger data; it verifies
the information via a Web-based procedure and prints a boarding pass. The
elements of the e-ticketing system exhibit device and process reliability, and
quality of service associated with sound engineering design practices.

Figure 12.9 is used as a visual control; it builds knowledge into the terminal
environment, to inform passengers of their location and the location of other
facilities and services. It supports the workplace organization and helps create
more of a self-managing system with respect to passenger navigation.

Airport terminals must utilize a universal design approach to its facilities
and passenger services. The facilities and services must be accessible as
mandated by the ADA and Access Board guidelines. The facilities and ser-
vices must handle people of all sizes, all nationalities, with widely ranging
reading and language skills. By and large, most major airport terminals
functional very well.

 

Figure 12.8

 

The interior signage and layout of a modern airport terminal lobby. This
image illustrates a variety of visual control, workplace organization, and standard-
ized operating procedures.
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Conclusions

 

The systematic application of all the previously discussed universal design
principles yields powerful synergistic effects, the most pronounced being
the reduction in common cause variability. The reduction in common cause
variability renders designed entities more accessible and usable by a larger
number of people.

Designers cannot rely on a user possessing high skill levels or expertise
to use the designed entity. Recall the broom balancing example from earlier
in this chapter; or the absolute judgment experiments discussed in Chapter
7, which demonstrated that most people can make correct judgments for
about six (the magic number seven plus or minus two) different perceptual
inputs [50]. However, it was also noted that a person with perfect pitch can

 

Figure 12.9

 

This image is used as a visual control to build knowledge into the ter-
minal environment. It is a representation of the terminal layout.
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often distinguish greater than 50 pitches correctly [50]. Hence, while people
can adapt and use their skills and expertise to overcome poor design strat-
egies, such designs limit the accessibility and usability of designed products,
processes, jobs, and services.

If the system is stable—with only predictable and acceptable vari-
ation—it can be continually improved to generate increased pro-
ductivity. If the system isn’t stable, there’s no point in setting a
goal. Only frustration and lower morale will result [29].
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chapter thirteen

 

Equitable: Transcending, 
integrating

 

Chapter goals:

 

• State the equitable universal design principle.
• Provide a rationale for its relevance.
• Provide design strategies that work to address the principle.
• Provide example applications of the strategies.
• State the synergistic, transcending and integrating features of the

principle.

 

Equitable: Transcending, integrating

 

Principle

 

Universally designed entities should be equitable; that is, the entities should
provide the same means of use for all users: identical whenever possible and
equivalent when not possible. The products and processes should avoid
segregating or stigmatizing any users, making the design appealing to all
users [1].

 

Discussion

 

Equitability transcends or goes beyond the other universal design principles
in that if it is satisfied, it integrates elements from all the other principles
and exhibits features and characteristics that are unique to being equitable.
Equitability imposes constraints on the other design principles in that they
must be applied so that the designed entities are accepted by a broad spec-
trum of users. The designs must be age and context appropriate as well as
aesthetically pleasing. These design features and characteristics are true for
any product or service, but are especially true for designers seeking to follow
universal design principles.
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Accessible design does not concern itself with being equitable. Rather,
accessible design is concerned with removing or preventing environmental
barriers as prescribed by law, guidelines, and standards. This does not mean
that an accessible design requirement cannot be equitable.

 

Design strategies

 

The following design strategies are presented without a lot of discussion.
Each of these strategies, while simply stated, could fill a book in their own
right. The important thing is that designers are aware of and sensitive to
these issues.

 

Strategy 21: Design entities that are age and context appropriate

 

The designed entities must be age and context appropriate, or their use will
draw undue attention and people simply will not use those entities.

Curb cuts are probably the classic example of equitable universal design.
People riding bicycles, people pushing baby strollers, elderly people who
have trouble ascending/descending stairs, and people in wheelchairs all use
the curb cuts. There is no discrimination. Everyone is better served. Auto-
matic door openers on buildings and public facilities also exemplify an
equitable design. Based on sensor activation, a door opens for everyone:
people whose arms are full, people who are engaged in conversation, people
who are in wheelchairs, and the elderly with walkers.

The adjustability features on cars (adjustable seat, steering wheel, floor
pedals, and mirrors) allow a variety of users to customize the driver’s seat
and control access to their individual needs.

Finally, work tools and processes should provide the same means of use
for all users: identical whenever possible, equivalent when not possible. For
example, counter-balances and positioning brackets are used to counter the
weight of a drill and position its angle of attack such that the worker can
focus attention on the task as opposed to holding the drill while having to
carefully aim and position it to do the job. Such designs are ergonomically
sound, reduce the common cause variability of the task, and are beneficial
to all workers.

 

Strategy 22: Design entities that are aesthetically pleasing

 

If the entity is not aesthetically pleasing it will not be commonly accepted
and utilized. 

Figures 13.1(a) through (d) show a collection of devices manufactured
by OXO International, Ltd. [2]. OXO has embraced universal design as its
corporate design philosophy and has been extremely successful with the sale
of its products along with industry and artistic recognition of their products’
functionality, aesthetically pleasing designs, and competitive pricing [3]. As
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Figure 13.1

 

Devices produced by OXO International, Ltd., include: (a) measuring
cup with measuring scale viewable by looking in from the top, (b) a spatula, (c) a
jar opener, and (d) the jar opener being used.

(a)

(b)

(c)

(d)
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noted in Chapter 1 a collection of OXO products are part of a permanent
Design Collection of The Museum of Modern Art, New York [3].

OXO International, Ltd., and its product line clearly demonstrate that
products designed using universal design principles can be not only func-
tional, but also aesthetically pleasing and competitively priced.

 

Strategy 23: Design entities that are competitively priced

 

If the entity is too expensive, it will not be widely accepted or used.
It is a common trend for new technology to start out being very expen-

sive and available only on luxury items; and then as companies gain engi-
neering and fabrication experience, the cost of providing the technology
drops and finds its way into more and more products, thereby reducing costs
even further. GPS technology is going through this cost-reduction process
and thereby rendering global positioning, navigation, and object or person
detection technologies much more affordable and accessible to all people. A
GPS device can help us find our way in a strange city, and it can also be
used to locate a person with Alzheimer’s who has wandered away from
home and has a GPS-equipped mobile phone or customized sensing device.
GPS devices can help cognitively impaired people navigate and become
more independent.

Another trendy, age and context appropriate, aesthetically pleasing, and
competitively priced product available to everyone, including people recov-
ering from traumatic brain injury, stroke, or other memory-compromising
conditions is “GPS Toes.” Quoting from their advertising material; “Using
similar low-power, nano-derived technology, GPS Toes are toe rings that
communicate to a GPS receiver kept in a purse or worn on a belt. Wearing
one on each foot, the GPS Toes device will guide the wearer to a preset
destination by vibrating and lighting up to signal upcoming direction
changes. The left toe ring will indicate left turns and the right toe right turns,
whether driving on the highway, walking on city streets, or hiking on the
mountain trail” [4].

The universal accessibility of eyeglasses and corrective lenses exempli-
fies a more mundane example of the interplay among technology, cost reduc-
tion, and social values. It took the convergence of several threads of tech-
nology and changing societal values before eyeglasses and corrective lenses
could be considered truly affordable and accessible for everyone. The ability
to manufacture high-quality lenses from plastic was one of the major tech-
nological breakthroughs [5]. The advent of eye examination equipment that
allowed a determination of the shape of the eye and hence a way to prescribe
the design and shape of the corrective lenses was the other major technical
advance [5]. Being able to design, by prescription, a corrective lens for an
individual at relatively low cost dramatically reduced the cost of providing
eyeglasses, allowing more and more people to buy eyeglasses and corrective
lenses. The low cost of providing corrective glasses and lenses, along with
the functional improvement of people using the devices, radically changed
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society’s concept of disability due to visual impairments. The final step in
ensuring broad accessibility was a change in social values that led to eye-
glasses and corrective lenses being covered by medical insurance plans [5].
The universal availability of $5 to $25 “reading” glasses in supermarkets,
bookstores, pharmacies, and the like speaks to the power of the baby
boomers to influence markets.

Technology transfer is another way that new technologies find their way
into the broader consumer market. Helmet-mounted, heads-up target stabi-
lization systems for attack helicopter and fighter pilots have evolved into
visual stabilization systems for cameras and binoculars. Cameras and bin-
oculars now routinely contain microprocessor technology that stabilizes the
image for all users. This allows a tired person, or a person with tremors or
other motor problems, to use the same device. Introducing such image
stabilizing technology into a broad range of consumer products, such as the
digital camera shown in Figure 13.2, has enabled the cost of providing such
technology to decrease dramatically and thereby render the feature more
affordable to everyone [6, 7].

Government agencies such as the Department of Defense (DOD) and
NASA have strong technology transfer programs. The DOD program is
called DOD TechMatch [8]. NASA has a Technology Opportunities

 

 

 

website
[9]. The following quote from the NASA website is typical of the government
technology transfer program. 

U.S. businesses can take advantage of a vast pool of NASA-de-
veloped technology resources to find solutions to technical prob-
lems. Through a program known as Technology Transfer, NASA
technology can be adapted, at little or no cost, to meet a particular

 

Figure 13.2

 

Electronic devices such as cameras and binoculars now come equipped
with visual stabilization circuitry using embedded microprocessors.
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need—saving your company valuable time and money. Applica-
tions for NASA technology are widespread, from building proto-
types of new production items to nondestructive testing of an
existing component [9].

An example of a NASA technology is the “Headset Assembly (for
Behind-the-Ear Hearing Aids)” developed at the Marshall Space Flight Cen-
ter (MSFC). This patented headset helps eliminate the high-pitched feedback
noise associated with behind-the-ear hearing aids [9].

 

Strategy 24: Market the entity for as broad a demographic and 
socioeconomic base as reasonable and possible

 

If the consuming public perceives the entity as being for the disabled com-
munity, the entity will not find widespread acceptance.

Closed captioning, while starting out as an accommodation for the deaf
and hard-of-hearing, has become quite common, emphasizing the fact that
everyone experiences hearing difficulties at some time or in some environ-
ments. Restaurants, bars, health clubs, and information monitors in public
facilities typically use closed captioning on their public televisions or infor-
mation monitors.

The AlphaSmart

 

©

 

 is a small, portable, inexpensive computer dedicated
to note taking, i.e., an electronic appliance. When the AlphaSmart

 

©

 

 was first
developed and hit the market it was seen by many people to be targeted for
individuals with cognitive impairments; those who needed organizational
help, who found computers too complicated, i.e., people with traumatic
brain injury, or various learning disabilities. This perception limited early
sales. 

 

Figure 13.3

 

AlphaSmart

 

©

 

: while still extensively used in special education settings,
it has become a trendy note-taking device for all kinds of students, from elementary
school through college. 
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A transition occurred in the market place as people began to see its
broader market potential. It is currently being marketed as a study aid and
has found wide application in schools. Elementary schools use the device
for developing basic writing skills and keyboard skills. High school and
college students use the device for note taking and organizational aids. Today
AlphaSmarts

 

©

 

 are “cool,” students like them and are eager to use them.

 

Transcending and integrating

 

Equitability is discussed last because it is a value judgment that universal
design should be equitable. As such, the requirement for equitability places
constraints on and forces the integration of the other universal design prin-
ciples and strategies. For this reason, equitability sits at the top of the uni-
versal design hierarchy.

The designed entities should be equitable in that the entities should
provide the same means of use for all users: identical whenever possible and
equivalent when not possible [10]. The products and processes should avoid
segregating or stigmatizing any users, thus making the design appealing to
all users. The products used as examples throughout this book, such as
building entrance ramps, automatic door openers, the Windows and Apple
operating systems that include accessibility options as a standard part of the
system, public kiosks that provide wheelchair access, and both auditory and
visual user I/O are all examples of equitable designs that avoid stigmatizing
users. These examples provide evidence that the equitable design of products
and processes is not only possible, but also not necessarily costly in terms
of funding, time, and resources.

These examples also illustrate that building equity into the design pro-
cess is not an afterthought, and that equity must be an essential part of the
problem statement and definition. It must be an explicit part of the design
requirements. If this is the case, it requires that universal design must be an
explicit design strategy and the universal design principles must be explicitly
addressed from the beginning of the design process through to the end.

Therefore, while equity is the final universal design principle considered
in this discussion, its representation as the integrating force of the other
universal design principles argues for its prominence in design requirements.
This is why it is often the first-cited universal design principle in other
discussions.
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chapter fourteen

 

Universal and accessible 
design in the workplace

 

Chapter goals:

 

• Describe properties of the workplace that influence the application
of universal design.

• Present examples of the application of universal design for large
multinational corporations, a small business, and a not-for-profit.

• Discuss how different management strategies and decisions influence
the outcomes associated with the application of universal design in
different business workplaces.

 

Consumer applications versus workplace applications

 

The application of universal and accessible design to the workplace starts
with the design of consumer products and services. From a customer product
and service perspective, the design objectives include functional require-
ments, selling price, and potentially conflicting demands—for example,
between the amount and kinds of flexibility afforded versus operational
complexity. Depending on the product or service, there may be legal man-
dates for accessibility for buildings, telecommunication products and ser-
vices, and electronic and information technology. Furthermore, the universal
and accessible design requirements must be balanced against a host of other
design requirements, such as any standards (ISO, ANSI, etc.), designing for
cost-effective manufacturing and assembly, as well as service and mainte-
nance once in the field, and then end-of-life recycling or disposal.

It is the process of designing a product for manufacturing and assembly
that the design of the workplace environment begins. So interdependent is
the design of the product and its manufacture that companies such as Das-
sault Systemes have developed CAD software, such as CATIA and DELMIA,
that contains tools that automatically design the manufacturing or assembly
fixtures as the product itself is being designed (fixtures are the devices that

 

7493_C014.fm  Page 187  Thursday, June 28, 2007  12:44 PM

© 2008 by Taylor & Francis Group, LLC



 

188 Universal and Accessible Design for Products, Services, and Processes

 

hold the product being manufactured or assembled as it moves from work-
station to workstation) [1]. Fixtures, the assembly workstations, and the
assembly line itself are examples of what needs to be designed within the
workplace.

In Chapter 2 universal design was defined as the design of entities that
can be used and experienced by people of all abilities, to the greatest extent
possible, without adaptations. When considering the workplace, “entities”
can mean the physical plant (for example, parking, entrances, aisle ways,
toilets, workcells, assembly lines, stairs, ramps, etc.); the machines and tools
that workers use (for example, conveyors, drill presses, hand-tools, comput-
ers, check-out systems, bar-code scanners, etc.); the work processes (for
example, assembly, manufacturing, forms, re-cycling, servicing, etc.); and
the organization of the work (for example, small teams, lean production,
total quality management, just-in-time, break schedules, assembly rates and
cycle times, downsizing, reengineering, etc.).

The organizational context—such factors as management structures,
supervisory practices, and human resource polices—determine what and
how things happen in the workplace, that is, on the shop floor, in the
assembly area, the retail floor, the restaurant, or the office. In turn, external
pressures and forces—such as economic developments, trade policies,
national and international standards, technological innovations, changing
worker demographics, and the supply of labor—all influence the organiza-
tional elements and decision making. All in all, the workplace is a very
complex environment for the application of universal and accessible design
principles.

 

Implementation of universal design in the workplace: 
Examples

 

Five examples are presented illustrating the application of universal design
in the workplace. These examples range from large multinational corpora-
tions in the automotive (Subaru), retail (Wal-Mart), and fast food
(McDonald’s) industries to a relatively new small business, typical of today’s
global economy, producing hand-painted home and garden tools (Art for a
Cause), and finally a not-for-profit service organization (Goodwill Indus-
tries). These examples exemplify a broad range of organizational contexts,
size and scale of operations, and external pressures.

 

Fuji Heavy Industries Ltd.

 

The first example considers the application of universal design elements
to Fuji Heavy Industries, Gunma Plant, manufacturing site for Subaru vehi-
cles [2]. The Gunma Plant utilizes lean production, TQM, and 

 

kaizen

 

 methods
[2]. It is within this context that the “Universal Plant Project” was initiated.
The following quote lays out the rationale for the project and specifies its goal.
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Creativity is required in a manufacturing industry and Subaru is
working hard to create a workplace where the attributes of all
employees can be harnessed to enhance our company’s creativity.
Subaru wants a diverse work force. To accomplish this goal, we
are making efforts to build a barrier free workplace. Barrier free
does not only refer to the physical structures in the workplace,
but also the mindset of all workers. Barriers don’t just prevent
the disabled from contributing fully to a company, they also pre-
vent women and the elderly from contributing fully. At Subaru,
we are continually making efforts to eliminate all barriers by
applying universal design elements, not only to our products, but
to our workplace as well [2].

From the project’s description it is clear that establishing a diverse work-
force and addressing the needs of people with disabilities were the major
driving forces. The project had four initiatives: recruit disabled staff, remove
concrete barriers, remove mindset barriers, and inspiration [2]. People with
disabilities but with the requisite education and skills were recruited and
became part of the planning team. The expression “Remove Concrete Bar-
riers” was a descriptive term for removing physical barriers within the plant.
Examples of removing physical barriers included; making the plant wheel-
chair accessible, providing accessible parking places, installing different
height lockers and more adjustable furniture. Removing physical barriers
also meant creating a more universally designed workplace, e.g., adjustable
worktables, mobile and adjustable inventory storage for assembly areas,
conveyors to eliminate carrying and lifting. Consistent with the application
of universal design principles the removal of these “Concrete Barriers”
yielded benefits for all workers, i.e., a safer workplace and higher quality
products [2].

The “remove mindset barriers” initiative was designed to provide sup-
port to workers with disabilities while demonstrating that such support
enabled those workers to perform their jobs competently. The initiative
included seminars, for all employees from management on down, on uni-
versal and accessible design, testimony and data from workers demonstrat-
ing the enabling effects of the technology and redesign on job creation and
enhanced performance, and sign language classes for supervisors [2]. The
final initiative was called “inspiration” and involved such things as optional
sign language classes for employees, and idea contests where all workers
were invited to present ideas for accessible and universal design innovations
and changes. Of course, a 

 

kaizen

 

 process is used to ensure continuous
improvement with respect to the application of universal design in the plant.

How is this project unfolding?

Through these activities we were able to double our disabled
work force, from 63 people five years ago to 112 people now.
Barrier free not only refers to the infrastructure, but also to the
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mindset of all staff. In the beginning we were mostly concerned
about the concrete structures, but now our focus is changing to
the mindset of all staff. In the beginning we thought that hiring
disabled staff mostly required money, but now we realize that
hiring disabled staff leads to enlightenment. To improve the mind-
set companywide, we are making efforts to not put all disabled
people in one work area, but to add them to sections throughout
the company.

Applying universal design to the workplace has enhanced our
company’s creativity, made our workplace more diverse and has
made the working atmosphere much more lively. [2]

This example presents a conscious management decision to effect social
as well as business change. The next two examples illustrate different man-
agement decisions.

 

Retail and fast food industries

 

This section considers the retail industry, Wal-Mart, and the fast food indus-
try, McDonald’s. In both of these examples, companies innovated, explored,
made use of, and facilitated the widespread use of what we are calling
universal design principles, methods and strategies without explicitly rec-
ognizing them as such. In both cases, the companies embraced lean produc-
tion, TQM, and Six Sigma methods to reduce costs, reduce non-value-added
activities (NVAAs), and thereby reduce process variability and maintain
quality. In both cases, the companies focused on providing customers prod-
ucts and services at low prices in a pleasant, friendly environment. In both
cases, the companies came to dominate their respective industries and pro-
mote or force change onto their respective industries and supplier networks.

 

Retail: Wal-Mart

 

As reported by Dicker, in his book entitled 

 

The United States of Wal-Mart

 

,
Wal-Mart is the largest corporation in the world, the largest private employer
in the United States, and owner of the nation’s largest private trucking fleet
[3]. Wal-Mart focuses on keeping its costs low and generating high-volume
sales. Wal-Mart is basically a retail operation but with a growing mix of
associated business interests such as real estate [3]. The various Wal-Mart
stores are designed to attract customers and sell products and services.

When Sam Walton, Wal-Mart’s founder, started his first retail operations,
his main concern was keeping prices low. His early stores were reportedly
a mess, with clothes strewn around on tables, open boxes, and unpredictable
inventory [3]. When Walton started his retail businesses, customers were
serviced by clerks who helped customers find merchandise or actually
retrieved it from the storeroom for the customer. Walton heard of a small
retailer who allowed customers to move freely among stock organized into
displays around the store and actually pick up their own merchandise and
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then move to a checkout counter to pay. Walton thought this was ingenious;
it cut labor costs dramatically and opened up more floor space for merchan-
dise display and sale [3].

In terms of universal design, what Walton was creating was a self-man-
aging retail environment. That concept has grown into a very sophisticated
design and operational strategy for all Wal-Mart retail stores. Technology
has allowed Wal-Mart to create one of, if not the best inventory management,
tracking, and distribution systems in the world [3]. This is the ultimate
self-managed environment utilizing knowledge built into the environment,
strict standardized operating procedures, and workplace organization to the
max. Massive computer databases, communications technology, bar codes,
and now radio frequency identification (RFID) tags enable Wal-Mart to track
inventory and keep merchandise on the shelves specific to local customer
demands like no other retail operations has ever done [3].

In terms of its own operations, Wal-Mart has embraced Six Sigma (in a
relentless process of removing non-value-added activity), 

 

kaizen

 

, and lean
production strategies such as 5S, error-proofing, standardized operating pro-
cedures, workplace organization, visual controls, and just-in-time inventory
practices. The retail sales floor is the key stage. It must exhibit all the best
practices of a self-managing process, but with a human touch, happy greeters
and associates, who make sure the customer has a good shopping experience.

The design of the products that Wal-Mart sells is basically the responsi-
bility of Wal-Mart’s suppliers, with one major exception: cost. Wal-Mart’s
size and purchasing power have enabled it to dictate what it will pay, what
kind of cost reductions it expects, and what level of quality it expects [3].
Wal-Mart’s relentless cost-cutting pressures have also forced its suppliers to
adopt the same Six Sigma, 

 

kaizen

 

, lean production, and just-in-time inventory
practices.

 

Fast Food: McDonald’s

 

In 

 

Fast Food Nation

 

, Schlosser looks at the fast food industry and the impact
it has had on the meatpacking industry and agriculture [4]. In 1948, the
McDonald brothers originated the “Speedee Service System” for fast food
preparation and service. In their ad seeking franchisees, the brothers describe
the benefits of their new system: 

Imagine – No Carhops – No Waitresses – No Dishwashers – No
Bus Boys – The McDonald’s System is Self Service! [4].

In the mid-1950s, Ray Kroc was selling milk-shake mixers and he wanted
to find out why the new McDonald’s Self-Service Restaurant in San Bernar-
dino, California, needed eight of his five-at-a-time mixers. Kroc was amazed
with the self-service operation and was able to “purchase the right to fran-
chise McDonald’s nationwide” [4].

Kroc experimented with and perfected a collection of strategies to further
improve the efficiency of the original self-service. McDonald’s and other fast
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food companies must attract and serve customers. McDonald’s utilized
many 

 

kaizen

 

 and universal design strategies—before they were called
that—because they made sense. In universal design terms, McDonald’s used
standardized operations and workplace organization, 5S, visual controls,
and quality controls to ensure a consistent level (low variability) of food and
service quality, whatever McDonald’s outlet you went into wherever you
were [4]. Other fast food operations were quick to follow suit.

As McDonald’s and other fast food companies grew, they made demands
on their suppliers for cost reductions. In response to these demands and
other global pressures, McDonald’s suppliers (for example, meatpacking
companies and potato suppliers) had to reduce costs. These suppliers were
forced to invest in new technologies and also adopted many of the Six Sigma,
lean production strategies [4].

 

Comparisons: Wal-Mart and McDonald’s

 

The patterns for both Wal-Mart and McDonald’s are similar. Both pioneered,
explored, experimented with, and successfully adopted methods and strat-
egies that we are collecting under the umbrella term “universal design.”
Both grew to dominate their respective industries and both have forced their
competitors and supply-chain businesses to adopt similar methods. Both
companies share another common feature, that of labor problems [3–5].

The fast food industry and Wal-Mart experience very high hourly paid
employee turnover rates [3, 4]. The reasons for this are similar: low pay, no
or very expensive health care benefits, questionable use of immigrant labor-
ers, and questionable labor practices [3–5]. The point of this discussion is
not to explore the social, economic, or political implications of these practices,
but rather to note that universal and accessible design principles and meth-
ods can support such employment practices.

 

A small company: Art for a Cause

 

Art for a Cause, LLC, started in 1998 by Lisa Knoppe-Reed, is a small
business in Birmingham, Michigan [6, 7]. CuteTools

 

™

 

 are the products of
Art for a Cause, LLC. What cause? The employment of people with disabil-
ities, providing them the dignity of work and a sense of self-worth.

CuteTools

 

™

 

 is a collection of more than 30 kitchen, garden, and home
tools. They are cute because of the decorative patterns hand-painted on their
wooden handles and because of the signature ribbon tied in a bow around
the handle. Folks with disabilities perform the sanding and paint priming
jobs. In addition to the people who come to work at the Art for a Cause
facility, sanding and priming kits are sent to special education schools around
the country where students sand, prime, and return the prepared tools for
final painting. Trained artists at Art for a Cause paint a decorative pattern
on the prepared handles. Workers with disabilities then help to prepare and
affix the ribbons, prepare the shipping boxes, package the finished products,
and ship them.
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Product sales are steadily growing. In November 2005, CuteTools

 

™

 

 were
shipped to 350 stores, mostly in the United States. As of September 2006,
CuteTools

 

™

 

 were being shipped to more than 2500 stores worldwide [7]. As
astounding as this growth are the number of people who want to replicate
this model in their own states and countries. Talks are under way with
potential partners and collaborators in five states, as well as several coun-
tries, Canada, Mexico, Ireland, Scotland, and Great Britain [7]. While partic-
ipating in a trade show in Tokyo, Japan, in July 2006, Knoppe-Reed was
approached about starting a business operation in Japan. A Tokyo facility
was opened in October 2006. Easter Seals International is working with Art
for a Cause to provide workers in Japan, along with students from regional
vocational and rehabilitation training organizations.

Art for a Cause exemplifies the new e-commerce global economy. The
Wayne State University Enabling Technologies Laboratory (ETL) has been
working closely with Art for a Cause for more than 2 years [6]. Student design
projects are targeting the design and implementation of accessible and
enabling technology based on accessible and universal design principles so as
to allow Art for a Cause to continue to employ people with disabilities and
meet the growing production demands while maintaining quality products [8].

 

Small retail operations: Goodwill Industries

 

Goodwill Industries of Southeastern Wisconsin, Inc., has embraced 

 

kaizen

 

and quality control methods, and each of its operations is a model of 

 

kaizen

 

approaches and successes. “Goodwill’s mission is to provide work oppor-
tunities and skill development for people with barriers to employment” [9].
The focus of this example is a Goodwill retail outlet. This facility represents
a new model for Goodwill retail—with the drive-up donation center, sorting,
selling, and baling for bulk sales all in one place.

This example also emphasizes the power of universal design in creating
jobs for people with wide-ranging disabilities in that Goodwill’s workforce
is very diverse. The strategies implemented in this facility and the success
of the diverse workforce employed at the facility bear witness to the efficacy
of universal design.

Quoting from the Goodwill Industries of Southeastern Wisconsin web-
site:

One of the first things people recognize about Goodwill is the
Goodwill Store—and rightly so, for the stores are key components
of our history and our daily operations. Retail Operations also
includes Secondary Markets—which process, recycle, and reuse
donated goods not sold in the Goodwill stores. The revenue gen-
erated by Retail Operations provides funding for vocational train-
ing and services; training and employment opportunities are
available throughout the division as well [10].
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Figure 14.1 is a series of images showing various phases of the retail oper-
ation; the store itself, the drop-off, sorting, through to the retail display area
and checkout.

The store is a modern building, looking like a regular discount store,
located in West Bend, a suburb of Milwaukee, Wisconsin. West Bend is an
affluent community and its donations are of good quality. The West Bend
store has a fast turn-around. There are regular customers waiting every
morning when the doors open, typically looking for specific items. People
who shop at Goodwill stores have varied reasons. There are folks who buy
and then resell at garage sales. Books are a popular resale item; they tend
to move fast, and customers include many resellers, collectors, and fast
readers who often take books and trade them for others at libraries.

The drop-off point for donations is a convenient drive-up location on
the side of the building. A conveyor belt delivers the donated material to
the first sorting station. At this station, items are sorted according to resale
or bulk recycling. Resale items include books, jewelry, and clothes.

The largest volume of donated material is clothing. The first sort is into
that suitable for resale and that bound for bulk baling and sale. In addition
to employing the 5S strategy and workplace organization, Goodwill has
instituted a collection of standardized work procedures. Visual controls are
widely used throughout the facility to reinforce and support worker com-
pliance. One image in Figure 14.1 shows one bulletin board with big block
letters “KAIZEN.” The bulletin boards are located at key workstations and
provide, in words and diagrams, procedures relevant to that workstation.
Color coding is used throughout the sorting process. One set of tags provides
a timestamp for the clothes destined for resale. One image shows a chart on
the wall with colored circles. These determine a weekly rotation of stock.
The tags are labeled and color coded. After 3 or 4 weeks if the clothes are
not sold, they are removed from the retail floor, baled, and sold as bulk.
Note that 80 percent to 85 percent of merchandise sells within 1 week.

Clothes bound for resale are further sorted into children’s and adult,
male and female, according to size. A series of images shows the women’s
sorting station and a color-coding fixture used for size sorting. Once sorted,
the clothes are hung on mobile racks, which are used to transport the clothes
to the retail part of the store. The clothes are hung in an appropriate area,
children’s clothes, men and women’s clothes, etc. The round circle tags
inform employees as to the time an article has been in the store. As noted,
clothes exceeding 3 to 4 weeks are removed from the retail side and baled
for bulk sale.

When customers enter the store, they see a row of checkout counters
and racks of merchandise. Signage throughout the store identifies product
areas: books, jewelry, and of course, clothes. Not shown is the organization
of the checkout stations. Each checkout station has a standard collection of
tools and materials that are typically required for checkout: a pair of scissors,
tape, marker, etc. The drawers have visual controls indicating where each
item should be placed.
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Figure 14.1

 

A Goodwill Industries retail outlet facility that exemplifies the use of universal and accessible design strategies to create jobs
and improve the performance of all members of its diverse workforce.

Goodwill industries:  modern retail outlet.
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As stated, Goodwill Industries of Southeastern Wisconsin, Inc., has
embraced 

 

kaizen

 

 and quality control methods, and each of its operations is
a model of 

 

kaizen

 

 approaches and successes. The methods are used at all
locations, including the Great Lakes Naval Station–Food Service Operations,
for which they have a contract to supply the food service. To sustain this
level of operations, new employees receive 

 

kaizen

 

 training within 2 months.
Retail has high employee turnover, and hence more training events are held
for retail employees. This training is for all employees and is matched to the
employee’s cognitive abilities. Goodwill runs “Kaizen Events” at least yearly
to review the past year’s goals, the year’s performance, and to set new goals
for the upcoming year.

 

Nature of the industry, size of the company, and scale of 
operations

 

The nature of an industry, the size of a company within that industry, and
its scale of operations all influence how a company might employ universal
design in the workplace. Fuji Heavy Industries, Wal-Mart, and McDonald’s
are all very large multinational companies. Management at Fuji made a
deliberate decision to apply universal design in the workplace. Management
at Fuji applied universal design principles specifically to diversify its work-
force and reduce barriers to the workplace for people with disabilities. The
Fuji case study provides examples targeting workers with physical disabil-
ities requiring a wheelchair and workers with hearing impairments [2]. The
Fuji case study did not include mention of workers with visual impairments
or cognitive disabilities. The Gunma Plant embraced lean production, TQM,
and 

 

kaizen

 

 methods [2], but did not recognize these as universal design
strategies.

 Wal-Mart and McDonald’s are more typical of large companies that use
universal design methods, error-proofing, lean production, Six Sigma, TQM,

 

kaizen

 

, etc., without even being aware that these can be considered universal
design methods. It can be argued that Wal-Mart and McDonald’s used these
techniques to encourage high employee turnover, suppress hourly wages for
retail floor associates, while still being able to increase employee productivity
with sustained quality [3–5, 11]. 

Art For A Cause and Goodwill Industries exemplify the application of
universal design principles and methods in small businesses. The intent from
the start was to create environments that support workers with wide-ranging
abilities and skills. These applications targeted all types of disabilities, from
physical to cognitive. Both applications explicitly recognized the power of
lean production, Six Sigma, TQM, and 

 

kaizen

 

 methods to reduce both the
ergonomic and cognitive demands of tasks and thereby render the workplace
more accessible for all people while explicitly employing sound business
practices to reduce cost, improve quality, and allow for the required produc-
tivity. In both cases, the production volume is relatively low but challenges
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the capabilities of the organizations given their funding, space, and staffing
levels. The universal design methods are enabling them to be as productive
as they can, given their financial and resource constraints.

 

Design tools for work

 

There are a variety of design tools available that can help designers deal with
the complexity of today’s workplace environment. For example, the Dassault
Systemes collection of three-dimensional visualization tools from CATIA,
DELMIA, and SIMULIA, including the human mannequins for ergonomic
analysis, and their automation package that enables the three-dimensional sim-
ulation of complex manufacturing and assembly processes [1]. An article by
Wanyama et al. [12] lists tools used and being developed for life-cycle engi-
neering. While helping designers deal with design complexity, these tools do
not explicitly contain design aids for accessibility or universal design.

 

Conclusions

 

Universal design is a natural design approach in our new global economy
driven by e-commerce. Universal design is a cost-effective approach. Design,
build, and sell products and services that as many people with as broad a
spectrum of abilities can use without accommodation. For OXO,

[T]he principles of universal design mean a salad spinner that can
be used with one hand; liquid measuring cups that can be read
from above without bending over; a toilet brush that bends to
reach out-of-the-way places; a backlit oven thermometer that can
be read easily through the window of an oven door; kettles with
whistle lids that open automatically when tipped to pour; and
tools with pressure-absorbing, non-slip handles that make them
more efficient [13].

The International Association for Universal Design (IAUD) was started
in Japan in 2002. Its membership includes not only Japanese companies, but
also large multinational corporations. The IAUD seeks to expand the appli-
cation of universal design principles for the betterment of humankind. The
IAUD website makes the following statement:

To design, from the start, equipment, a building, or living space
so that it will be utilized by as many people as possible is called
“universal design.”

In other words, universal design is a design that works for
everyone, and this is how we should manufacture products all
the time. Actually taking universal design into account will ex-
pand the customer base and improve customer satisfaction for a
company, and, for the government, will be the foundation for
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developing a city in cooperation with people from all walks of
life. This is beneficial not only for the Japanese people but also
for everyone in every part of the world [14].

Proponents of Six Sigma, 

 

kaizen

 

, lean production, and other methods
that fall under the accessible and universal design umbrella argue that as
workers become more productive and fewer are needed to perform existing
jobs, the opportunity exists for expansion and the creation of new jobs. This
shifting of the labor force into new business opportunities does, in fact, occur
under favorable economic conditions. OSHA requirements have improved
worker ergonomic safety and reduced the ergonomic demands of jobs, ren-
dering them more accessible. Error-proofing has eliminated safety risks as
well as improved product and process quality. Accessible and universal
design methods do, in fact, create jobs for and enhance the productivity of
workers with disabilities, but as Erlandson as noted, this is not common
knowledge within industry [15, 16]. 

Accessible and universal design principles are natural strategies for the
design of work and service processes to support a global distribution of work
and the associated incredibly diverse workforce. Design, manufacturing,
assembly, and customer and service support functions can be distributed
globally with a staggeringly diverse workforce. Transportable workplace and
job designs that enable workers with different languages, different anthro-
pometric features, and different skill levels to step into the process and with
little or no training competently perform the required tasks are extremely
desirable. Universal design in the workplace affords a design strategy aimed
at creating transportable workplace designs that can effectively and effi-
ciently serve the very diverse workforce found in a global economy.

Universal and accessible design strategies reduce both the physical and
cognitive demands of tasks. Building knowledge into the environment,
error-proofing, visual controls, reducing NVAAs, reducing process variabil-
ity, all contribute to rendering jobs more accessible while ensuring sustained
product and process quality. Because the employees are more productive,
fewer are needed to do the same jobs. Employee training time is significantly
reduced. The use of icons, color coding, and other visual controls reduces
the need to read and simplifies other language requirements. Hence, the
double-edged sword of universal and accessible design: the same principles
and methods that can be used to create a more diverse workforce and create
jobs for people with disabilities are also being used to sustain questionably
ethical and often illegal employment practices for the least powerful and
most vulnerable segments of our society [3–5]. 
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chapter fifteen

 

The World Wide Web: 
Accessibility and universal 
design

 

Chapter 

 

g

 

oals:

 

• Present the World Wide Web Consortium (W3C) Web Accessibility
Initiative (WAI) Guidelines.

• Relate the Web accessibility requirements of Section 508 of the Reha-
bilitation Act to accessible and universal design strategies and the
WAI guidelines. Relate these guidelines to the principles of universal
and accessible design.

• Show how the Internet and World Wide Web design communities
have integrated universal and accessible design principles and strat-
egies into their standard design procedures.

• Discuss emerging trends and implications for accessible and univer-
sal design.

 

Introduction

 

The Internet and World Wide Web (Web) design communities have inte-
grated universal and accessible design principles and strategies into their
standard design procedures. In this regard, these design communities exem-
plify the main goal of this book—that is, to mainstream universal and acces-
sible design into all design practices and communities.

There are very pragmatic reasons why universal and accessible design
have been so integrated and integral to Internet and Web design. These
reasons include the Web’s evolution from a communication and information
novelty to part of the global communication and information infrastructure,
the vision of the Web’s founders with the Web a global and universally
accessible entity, and the codification of this vision in the World Wide Web
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Consortium’s (W3C) goal of universal accessibility and the Web Accessibility
Initiative (WAI) Guidelines.

Web accessibility is a very complex matter and Internet-based services
are evolving at a rapid rate. This chapter only touches on some of the major
issues and concerns. Accessible and universal design strategies targeting the
Web exemplify the broader principles and strategies but are phrased and
implemented for the particular product and services provided by the Internet
or Web.

This chapter starts with a brief description the World Wide Web Con-
sortium (W3C) and its Web Accessibility Initiative (WAI). The W3C is not
the only standards and guideline setting and recommending group, but it
has had a powerful influence on current laws, and its broad design principles
are generally accepted by most developers. The WAI Content Accessibility
Guidelines 1.0 are discussed and related to the universal design principles
presented in previous chapters. Specific guideline checkpoints are presented
as examples of universal and accessible design strategies targeting Web
accessibility. The Section 508 accessibility requirements are presented and
related to the WAI Content Accessibility Guidelines 1.0. The Section 508
requirements also are related to the universal design principles.

Emerging technologies such as grid services, the use of metadata, and
the semantic Web are discussed in the context of universal and accessible
design. A very significant development is that emerging Web design and
authoring tools have built-in features that support and encourage the appli-
cation of accessible and universal design strategies. A number of these new
design and authoring tools are reviewed, along with Web accessibility check-
ing tools and additional design resources.

 

Infrastructure

 

The Internet and World Wide Web (Web) have become part of the U.S. and
global communication and information exchange infrastructure. As such,
Web activity touches countless millions of lives everyday. Just as the tele-
phony became part of the communications and information infrastructure
and thereby essential to people lives, so too has the Internet and Web access.
And just as a number of laws mandate the accessibility of telephone products
and services for people with disabilities, laws and regulations are emerging
mandating the accessibility of the Web.

In the United States, Section 508 of the Rehabilitation Act is the major
legal driver for accessibility. While Section 508 specifically deals with federal
websites, its influence is rapidly spreading. According to a 2003 survey by
the Information Technology Technical Assistance and Training Center, of the
Georgia Institute of Technology, 42 of the 50 states and the District of Colum-
bia have adopted Section 508 (or very similar) standards [1]. The other states
are expected to follow suit. Furthermore, universities and colleges across the
country are implementing accessibility features, as are foundations, corpo-
rations, and most federally funded and supported websites.
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The World Wide Web Consortium (W3C) and the Web 
Accessibility Initiative (WAI)

 

The World Wide Web is a dominant global entity and it presents a collection
of unique design issues. The W3C develops specifications, guidelines, com-
mon protocols, software, and tools to promote the Web’s evolution, ensure
its interoperability, and lead it to its “full potential” [2]. The W3C is a forum
for information, commerce, communication, and collective understanding,
and has approximately 350 member organizations from around the world.

Tim Berners-Lee, inventor of the Web, founded the W3C in 1994. The
W3C started at the Massachusetts Institute of Technology, Laboratory for
Computer Science [MIT/LCS], with the collaboration of CERN (European
Organization for Nuclear Research

 

),

 

 and with support from DARPA (U.S.
Defense Advanced Research Project Agency) and the European Commission.
In April 1995, INRIA (Institute National de Recherche en Informatique et
Automatique) became the first European W3C host, followed in 1996 by Keio
University of Japan (Shonan Fujisawa Campus) in Asia. In 2003, ERCIM
(European Research Consortium in Informatics and Mathematics) took over
the role of the European W3C host from INRIA [2].

The W3C concentrates its efforts on three principle tasks. First, “the W3C
promotes and develops its vision of the future of the World Wide Web” [2].
Second, the “W3C designs Web technologies to realize this vision, taking
into account existing technologies as well as those of the future” [2]. Third,
the W3C contributes to efforts to standardize Web technologies by producing
specifications (called “Recommendations”) that describe the building blocks
of the Web. The W3C makes these Recommendations, and other technical
reports, freely available to all [2]. These tasks are organized around three
W3C long-term goals.

The first goal is universal access, that is, “to make the Web accessible to
all by promoting technologies that take into account the vast differences in
culture, languages, education, ability, material resources, access devices, and
physical limitations of users on all continents” [2]. The second goal is to
create a semantic Web, that is, “to develop a software environment that
permits each user to make the best use of the resources available on the
Web” [2]. The third goal is to develop a web of trust by guiding the “Web’s
development with careful consideration for the novel legal, commercial, and
social issues raised by this technology” [2]. This discussion focuses primarily
on the first long-term goal, that of universal access.

 

Design principles of the Web

 

Consumers tend to think of the Internet and the Web as the same entity. In
fact, the Web is an application that is built on top of the Internet. Given this
fact, the design principles of the Web are closely linked to those of the
Internet. Three design principles emerge for Web design.
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1. Interoperability

 

: Specifications for the Web’s languages and protocols
must be compatible with one another and allow (any) hardware and
software used to access the Web to work together.

 

 2. Evolution

 

: The Web must be able to accommodate future technologies.
Design principles such as simplicity, modularity, and extensibility
will increase the chances that the Web will work with emerging
technologies such as mobile Web devices and digital television, as
well as others to come.

 

 3. Decentralization

 

: Decentralization is without a doubt the newest prin-
ciple and most difficult to apply. To allow the Web to “scale” to
worldwide proportions while resisting errors and breakdowns, the
architecture (like the Internet) must limit or eliminate dependencies
on central registries [2].

These principles guide the work carried out within W3C activities.

 

Relationship of the Web content accessibility guidelines to 
accessible and universal design principles

 

The W3C has established the Web Accessibility Initiative (WAI) [3] to for-
mally work toward universal accessibility. The WAI has developed and
published accessibility guidelines [4], along with a collection of development
tools, examples, and support material.

The Web content accessibility guidelines are intended to make the Web
content more available to all users, regardless of their access mode, for
example, desktop browser, voice browser, mobile phone, automobile-based
personal computer, etc., or operating constraints such as noisy surroundings,
under- or over-illuminated rooms, or in a hands-free environment. Web users
also include people with physical or cognitive impairments. The following
list is taken from the WAI website and notes that users [4]:

1. May not be able to see, hear, move, or may not be able to process
some types of information easily or at all

2. May have difficulty reading or comprehending text
3. May not have or be able to use a keyboard or mouse
4. May have a text-only screen, a small screen, or a slow Internet con-

nection
5. May not speak or understand fluently the language in which the

document is written
6. May be in a situation where their eyes, ears, or hands are busy or

interfered with (e.g., driving to work, working in a loud environment,
etc.)

7. May have an early version of a browser, a different browser entirely,
a voice browser, or a different operating system
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All Web content designers and developers, page authors, and developers
of authoring tools need to be aware of the Web content accessibility guide-
lines. There are 12 guidelines, and each guideline has a collection of check-
points. Each guideline can be associated with one or more of the universal
design principles. Table 15.1 shows the 12 guidelines and the associated
universal design principles. 

The goal of the W3C/WAI guidelines is universal accessibility to the
Web. This goal can be restated in terms of the 

 

equitable

 

 universal design
principle. That is, the Web should be equitable in that it should provide the
same means of use for all users: identical whenever possible, equivalent
when not possible. The Web and its products and services should avoid
segregating or stigmatizing any user, making the design appealing to all
users. Hence, all the WAI guidelines are aimed at Web equitability and the
universal design principle 

 

equitable

 

 will be associated with each guideline.
Creating a stable and predictable Web environment and operation is

another universal design principle that cuts across all the WAI guidelines.
This follows because each of the guidelines reflects one of the universal
design strategies associated with stability and predictability. Most funda-
mentally, the guidelines function to reduce the common cause variability of
Web operations. Therefore, the universal design principle 

 

stable and predict-
able

 

 will also be associated with each guideline.
Table 15.2 provides a table of the checkpoints associated with Guideline

1. Each guideline has a unique collection of checkpoints. The respective
checkpoints represent accessible design strategies for Web content design.
Use of the checkpoint design strategy addresses the universal design prin-
ciples associated with the guideline. Note that each checkpoint has an asso-
ciated priority level. There are three levels of priority associated with differ-
ent levels of accessibility. Table 15.3 presents the priority levels.

The WAI guidelines define three levels of conformance. Conformance
level A means that all Priority 1 checkpoints are satisfied. Conformance level
Double A (AA) means that all Priority 1 and Priority 2 checkpoints are
satisfied. Conformance level Triple A (AAA) means that all Priority 1, 2, and
3 checkpoints are satisfied. 

Figure 15.1 shows the Web Content Accessibility Guidelines (WCAG) Con-
formance Logos for levels A, Double A, and Triple A of the Web Content Acces-
sibility Guidelines 1.0 [4]. A content provider claims Web content accessibility
compliance with a conformance level by displaying the corresponding logo at
the end of the Web page. Resources are available to help designers ensure
compliance [5]. As discussed in the “Authoring tools” section in this chapter,
there are a number of Web content accessibility checkers available.

 

 

 

Together, the WAI guidelines and associated checkpoints present a com-
prehensive collection of Web content accessibility design strategies. The con-
formance levels provide a measure of a website’s accessibility. Use of the WAI
guidelines and adherence to the conformance criteria are voluntary. However,
Section 508 accessibility requirements, modeled on the WAI guidelines, are
not voluntary for federal agencies and, as noted, for many state and local
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Table 15.1

 

Summary of the WAI Guidelines [4] and Relationship to Universal 

 

Design Principles

WAI Guideline Description
Universal Design

Principle

 

Common to all 
guidelines. 
Equitable, 
stable and 
predictable

Guideline 1. Provide 
equivalent 
alternatives to 
auditory and visual 
content.

Provide content that, when 
presented to the user, conveys 
essentially the same function or 
purpose as auditory or visual 
content.

Perceptible, 
flexible

Guideline 2. Do not rely 
on color alone.

Ensure that text and graphics are 
understandable when viewed 
without color.

Perceptible, 
flexible

Guideline 3. Use 
markup and style 
sheets and do so 
properly.

Mark up documents with the 
proper structural elements. 
Control presentation with style 
sheets rather than with 
presentation elements and 
attributes.

Cognitively 
simple

Guideline 4. Clarify 
natural language 
usage.

Use markup that facilitates 
pronunciation or interpretation of 
abbreviated or foreign text.

Cognitively 
simple

Guideline 5. Create 
tables that transform 
gracefully.

Ensure that tables have necessary 
markup to be transformed by 
accessible browsers and other user 
agents.

Flexible

Guideline 6. Ensure 
that pages featuring 
new technologies 
transform gracefully.

Ensure that pages are accessible 
even when newer technologies are 
not supported or are turned off.

Flexible

Guideline 7. Ensure 
user control of 
time-sensitive content 
changes.

Ensure that moving, blinking, 
scrolling, or auto-updating objects 
or pages may be paused or 
stopped.

Ergonomic, 
perceptible, 
flexible, 
error-proofing

Guideline 8. Ensure 
direct accessibility of 
embedded user 
interfaces.

Ensure that the user interface 
follows principles of accessible 
design: device-independent access 
to functionality, keyboard 
operability, self-voicing, etc.

Flexible

Guideline 9. Design for 
device independence.

Use features that enable activation 
of page elements via a variety of 
input devices.

Flexible
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governmental units as well. In a very pragmatic way, Section 508 requirements
are driving Web accessibility design activities in the United States.

 

Section 508 requirements

 

Subsection § 1194.22 (

 

Web-based intranet and internet information and applica-
tions

 

) of Section 508 is related to Web accessibility; Table 15.4 presents this
subsection along with a note relating the subsection parts to the universal
design principles. As with the W3C/WAI guidelines, the Section 508 require-
ments strive for equitable, and stable and predictable products and services;
as such, the universal design principles 

 

equitable 

 

and

 

 stable and predictable

 

 are
associated with each requirement.

The Access Board has explicitly stated the relationship between the
requirements of §1194.22 and

 

 

 

the Web Content Accessibility Guidelines 1.0.

 

Table 15.1

 

Summary of the WAI Guidelines [4] and Relationship to Universal 

 

Design Principles (Continued)

WAI Guideline Description
Universal Design

Principle

 

Guideline 10. Use 
interim solutions.

Use interim accessibility solutions 
so that assistive technologies and 
older browsers will operate 
correctly.

Flexible

Guideline 11. Use W3C 
technologies and 
guidelines.

Use W3C technologies (according 
to specification) and follow 
accessibility guidelines. Where it 
is not possible to use a W3C 
technology, or doing so results in 
material that does not transform 
gracefully, provide an alternative 
version of the content that is 
accessible.

Equitable

Guideline 12. Provide 
context and 
orientation 
information.

Provide context and orientation 
information to help users 
understand complex pages or 
elements.

Grouping elements and providing 
contextual information about the 
relationships between elements 
can be useful for all users. 
Complex relationships between 
parts of a page may be difficult for 
people with cognitive disabilities 
and people with visual disabilities 
to interpret.

Cognitively 
simple, 
memory, Hicks’ 
law

 

Source:

 

 Web Content Accessibility Guidelines 1.0, W3C Recommendation 5. May–1999, Copy-
right © 1999, W3C (MIT, INRIA, Keio).
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Table 15.2

 

The Checkpoints Associated with Guideline 1 {provide equivalent 
alternatives to auditory and visual content} [4] along with their respective priority 

 

level.

Priority Checkpoint and Description*

 

Priority l

 

1.1

 

 Provide a text equivalent for every non-text element (e.g., via “alt,” 
“longdesc,” or in element content). 

 

This includes

 

 images, graphical 
representations of text (including symbols), image map regions, 
animations (e.g., animated GIFs), applets and programmatic objects, 
ASCII art, frames, scripts, images used as list bullets, spacers, 
graphical buttons, sounds (played with or without user interaction), 
stand-alone audio files, audio tracks of video, and video.

Priority 1

 

1.2

 

 Provide redundant text links for each active region of a server-side 
image map.

Priority 1

 

1.3

 

 Until user agents can automatically read aloud the text equivalent 
of a visual track, provide an auditory description of the important 
information of the visual track of a multimedia presentation.

Priority 1

 

1.4

 

 For any time-based multimedia presentation (e.g., a movie or 
animation), synchronize equivalent alternatives (e.g., captions or 
auditory descriptions of the visual track) with the presentation.

Priority 3

 

1.5

 

 Until user agents render text equivalents for client-side image map 
links, provide redundant text links for each active region of a 
client-side image map.

 

* Taken from [4], http://www.w3.org/TR/WAI-WEBCONTENT/ priorities, Web Content
Accessibility Guidelines 1.0, W3C Recommendation 5 - May - 1999, Copyright © 1999 W3C
(MIT, INRIA, Keio).

 

Table 15.3 

 

The Priority Levels and Description

Priority Description

 

Priority 1 A Web content developer must satisfy this checkpoint. Otherwise, 
one or more groups will find it impossible to access information in 
the document. Satisfying this checkpoint is a basic requirement for 
some groups to be able to use Web documents.

Priority 2 A Web content developer should satisfy this checkpoint. Otherwise, 
one or more groups will find it difficult to access information in the 
document. Satisfying this checkpoint will remove significant 
barriers to accessing Web documents.

Priority 3 A Web content developer may address this checkpoint. Otherwise, 
one or more groups will find it somewhat difficult to access 
information in the document. Satisfying this checkpoint will 
improve access to Web documents.

 

Source:

 

 From [4], http://www.w3.org/TR/WAI-WEBCONTENT/ priorities, Web Content
Accessibility Guidelines 1.0, W3C Recommendation 5 - May - 1999, Copyright © 1999 W3C
(MIT, INRIA, Keio).
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Note to §1194.22: 1. The Access Board interprets paragraphs (a)
through (k) of this section as consistent with the following priority
1 Checkpoints of the Web Content Accessibility Guidelines 1.0
(WCAG 1.0) (May 5, 1999) published by the Web Accessibility
Initiative of the World Wide Web Consortium: 

2. Paragraphs (l), (m), (n), (o), and (p) of this section are different
from WCAG 1.0. Web pages that conform to WCAG 1.0, level A
(i.e., all priority 1 checkpoints) must also meet paragraphs (l), (m),
(n), (o), and (p) of this section to comply with this section [6].

 

Figure 15.1

 

Shown are three Web Content Accessibility Guidelines (WCAG) Con-
formance Logos. These logos can be used by content providers to claim conformance
to a specified conformance level of the Web Content Accessibility Guidelines 1.0.
(

 

Source:

 

 From http://www.w3.org/WAI/WCAG1-Conformance.html. Copyright ©
$Date: 2006/04/27 16:57:41 $, World Wide Web Consortium, Massachusetts Institute
of Technology, European Research Consortium for Informatics and Mathematics,
Keio University. All Rights Reserved. http://www.w3.org/Consortium/Legal/
2002/copyright-documents-20021231.)

Section 1194.22 Paragraph WCAG 1.0 Checkpoint
(a) 1.1
(b) 1.4
(c) 2.1
(d) 6.1
(e) 1.2
(f) 9.1
(g) 5.1
(h) 5.2
(i) 12.1
(j) 7.1
(k) 11.4

W3C
WAI-A

WCAG 1.0
Level A

Double-A

Triple-A

WAI-AA

WCAG 1.0

WAI-AAA

WCAG 1.0

W3C

W3C
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Table 15.4

 

§ 1194.22 Web-Based Intranet and Internet Information and 

 

Applications

Requirement*
Universal Design

Principle

 

Common to all 
requirements.
Equitable, 
stable and 
predictable

(a) A text equivalent for every non-text element shall be 
provided (e.g., via “alt,” “longdesc,” or in element content).

Perception
Cognitive
Flexible
Efficient

(b) Equivalent alternatives for any multimedia presentation 
shall be synchronized with the presentation.

Cognitive
Efficient
Error-proof

(c) Web pages shall be designed so that all information 
conveyed with color is also available without color, for 
example, from context or markup.

Perception
Cognitive
Flexible

(d) Documents shall be organized so they are readable 
without requiring an associated style sheet.

Flexible
Efficient
Error-proof

(e) Redundant text links shall be provided for each active 
region of a server-side image map.

Flexible
Efficient
Error-proof

(f) Client-side image maps shall be provided instead of 
server-side image maps except where the regions cannot be 
defined with an available geometric shape.

Flexible
Efficient

(g) Row and column headers shall be identified for data 
tables.

Efficient
Error-proof

(h) Markup shall be used to associate data cells and header 
cells for data tables that have two or more logical levels of 
row or column headers.

Flexible
Efficient
Error-proof

(i) Frames shall be titled with text that facilitates frame 
identification and navigation.

Flexible
Efficient
Error-proof

(j) Pages shall be designed to avoid causing the screen to 
flicker with a frequency greater than 2 Hz and lower than 
55 Hz.

Perception
Health and 
safety

(k) A text-only page, with equivalent information or 
functionality, shall be provided to make a website comply 
with the provisions of this part, when compliance cannot be 
accomplished in any other way. The content of the text-only 
page shall be updated whenever the primary page changes.

Perception
Cognitive
Flexible
Efficient
Error-proof

(l) When pages utilize scripting languages to display content, 
or to create interface elements, the information provided by 
the script shall be identified with functional text that can be 
read by assistive technology.

Flexible
Efficient
Error-proof
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Together, the WAI guidelines and Section 508 software and Web acces-
sibility requirements provide a collection of accessible and universal design
strategies that address all the universal design principles. However, the WAI
guidelines and Section 508 requirements are not the only source of standards,
guidelines, or Web design recommendations.

 

Emerging products, standards, guidelines, and Web design 
recommendations

 

A variety of organizations have emerged and are promoting standards,
guidelines, and recommendations with respect to Internet-based activities.
This discussion is meant to be illustrative and is in no way exhaustive.

The European Commission’s Information Society Technologies program
(IST) conducted project Diffuse to provide neutral reporting on develop-
ments relating to standards and specifications

 

 

 

[7]. The Diffuse project was
funded “to provide a single, value-added, entry point to up-to-date reference
and guidance information on available and emerging standards and speci-
fications that facilitate the electronic exchange of information” [8]. 

The final conference of the Diffuse project focused on three Internet
applications: the Web, grid services, and the semantic Web.

 

 

 

“Web services
connect computers and devices with each other using the Internet to
exchange data and combine data in new ways” [7]. Grid services are evolving
and vary, but the basic idea is that service creation and delivery occur
through “coordinated resource sharing and problem solving in dynamic,
multi-institutional virtual organizations” [7]. The semantic Web is a distrib-
uted machine, a computer system, “which should function so as to perform

 

Table 15.4

 

§ 1194.22 Web-Based Intranet and Internet Information and 

 

Applications (Continued)

Requirement
Universal Design

Principle

 

(m) When a Web page requires that an applet, plug-in, or 
other application be present on the client system to interpret 
page content, the page must provide a link to a plug-in or 
applet that complies with § 1194.21(a) through (l).

Flexible
Efficient
Error-proof

(n) When electronic forms are designed to be completed 
online, the form shall allow people using assistive 
technology to access the information, field elements, and 
functionality required for completion and submission of the 
form, including all directions and cues.

Flexible
Efficient
Error-proof

(o) A method shall be provided that permits users to skip 
repetitive navigation links.

Flexible
Efficient

(p) When a timed response is required, the user shall be 
alerted and given sufficient time to indicate more time is 
required.

Perception
Cognitive
Flexible

 

* The requirement is taken from Federal Register, 36 CFR Part 1194, 2000 [6].
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socially useful tasks” [7]. Each of these applications has different design
implications.

Table 15.5 provides a brief overview of some of the organizations
addressed in the Diffuse project. This list is meant to be illustrative of the
variety and scope of work to be done around the world. All of these organ-
izations embrace the principles of universal access and accessibility.

The work of the DCMI (Dublin Core Metadata Initiative) with metadata,
OASIS (Organization for the Advancement of Structured Information Stan-
dards) efforts with e-business, and the IETF (Internet Engineering Task Force)
initiatives are all examples of early steps toward a “smarter” Web structure,
one modeled upon the semantic Web concept. As such “smarter” Web struc-
tures evolve, it is critical that the new technologies do not create disabilities

 

Table 15.5

 

Selected Organizations that Promote Standards, Guidelines, and 

 

Recommendations for Internet-Based Activities

Organization Current Activity

 

W3C/WAI Web Accessibility Guidelines 2.0. These will 
address many of the concerns Web designers 
and developers have about the complexity, 
vagueness, and difficulties of the current Web 
Accessibility Guidelines 1.0 [28]. 

IETF – Internet Engineering 
Task Force

The IETF is engaged in the development of new 
Internet standard specifications. The IETF is not 
a corporation and has no board of directors, no 
members, and no dues. The IETF is not a 
traditional standards organization, although 
many specifications are produced that become 
standards. The IETF is made up of volunteers, 
many of whom meet three times a year to fulfill 
the IETF mission [29].

OASIS – Organization for the 
Advancement of Structured 
Information Standards

OASIS works on the development, convergence, 
and adoption of e-business standards [30].

OASIS was founded in 1993 and is a 
not-for-profit, international consortium with 
more than 3000 participants from over 600 
organizations representing about 100 countries 
[30].

DCMI – Dublin Core Metadata 
Initiative 

The DCMI is an organization dedicated to 
promoting the widespread adoption of 
interoperable metadata standards and 
developing specialized metadata vocabularies 
for describing resources that enable more 
intelligent information discovery systems [31].

OGSA – Open Grid Services 
Architecture 

The Globus Project offers the Globus Toolkit, 
which provides designers with a collection of 
program development tools to help design 
OGSA-compliant grid structures [32].
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for large classes of users. Universal and accessible design strategies must be
integrated into these technologies to reduce or eliminate environmentally
generated disability. For this to occur, the design and authoring tools must
support universal and accessible design principles and strategies. This
important step is, in fact, happening.

 

Authoring tools

 

The term “authoring tool” refers to any software that can be used to produce
content for publishing on the Web [9]. Authoring tools can enable and assist
designers in the creation of accessible Web content through prompts, alerts,
checking and repair functions, help files, and automated tools. The W3C

 

Authoring Tool Accessibility Guidelines 1.0

 

  [9] list some examples of authoring
tools. These include editing tools such as WYSIWYG (

 

w

 

hat 

 

y

 

ou 

 

s

 

ee 

 

i

 

s 

 

w

 

hat

 

y

 

ou 

 

g

 

et) HTML and XML editors; word processors, desktop publishing pro-
grams, and other applications that allow the user to save material in a Web
format; and programs that produce multimedia intended for use on the Web.

The W3C 

 

Authoring Tool Accessibility Guidelines 1.0

 

 were developed “to assist
developers in designing authoring tools that produce accessible Web content
and to assist developers in creating an accessible authoring interface” [9].

Traditional suppliers of software authoring tools are actively engaged
in enhancing their capabilities with respect to accessible design tools and
features. For example, Microsoft, in cooperation with HiSoftware, is offering
owners of FrontPage a free licensed copy of HiSoftware’s AccVerify SE

 

™

 

[10]. AccVerify

 

®

 

 SE

 

™

 

 for FrontPage provides verification and reports all
errors and noncompliance with Section 508 and WAI conformance recom-
mendations.

 

 

 

Macromedia’s recent version of its vector-based animation tool,
Flash MX, provides designers with a collection of accessibility support tools
and features [11]. Adobe’s GoLive has a few accessibility features built into
the software [12]. To enhance its accessibility design features, Adobe has
partnered with SSB Technologies to provide a licensed copy of InSight LE
for more accessibility checking. InSight LE will automatically identify Section
508 accessibility violations in Web pages created using GoLive [12].

An example authoring tool for the average consumer is the Accessible
Web Publishing Wizard for Microsoft Office. It offers an alternative to the
native Web publishing features in Microsoft Office for Word, PowerPoint,
and Excel. It simplifies the task of converting PowerPoint presentations,
Word documents, and Excel spreadsheets to accessible code that meets or
exceeds Section 508 and W3C WCAG 1.0 Double-A requirements for acces-
sibility by people with disabilities [13].

The CPB/WGBH National Center for Accessible Media (NCAM) has
developed two tools for developers of Web- and CD-ROM-based multimedia
for making their materials accessible to persons with disabilities—version
1.0 and 2.01 of the Media Access Generator (MAGpie)—for creating captions
and audio descriptions for rich media [14].

 

 

 

The CPB/WGBH NCAM is a
research and development facility dedicated to the issues of media and
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information technology for people with disabilities in their homes, schools,
workplaces, and communities [14].

There are also a number of Web accessibility checking programs avail-
able. Bobby is a very popular Web checking system distributed by Watchfire
Corporation. Bobby checks a website for Section 508 and WAI Version 1.0
guidelines compliance. Bobby provides a detailed report of noncompliance
and potential noncompliance code [15]. The Watchfile Corporation website
provides free online Web page checking [15].

UsableNet, Inc. [16], a Macromedia partner, created the free 508 Acces-
sibility Suite, which extends Macromedia Dreamweaver’s functionality to
allow checking of Web documents’ accessibility against proposed standards.
UsableNet also offers LIFT and LIFTPro. LIFT works with Dreamweaver,
providing a detailed analysis that makes up the free Section 508 analysis
suite. With LIFT, one can select a set of accessibility rules one wants to test
for—Section 508 or WAI. Using the analysis reports, a designer can go
through the program code item-by-item, changing problem areas of the
website at the code level of one’s pages. UsableNet also has LIFT Online,
which allows developers to test an unlimited number of live sites for an
annual subscription fee.

 

United States government resources

 

The General Services Administration (GSA) (http://www.gsa.gov/) is
charged with the dissemination of information regarding Section 508. The
GSA manages a Section 508 website (http://www.section508.gov/) with the
purpose of increasing understanding of the law and its implications, and
providing strategies and resources for fulfilling the 508 standards. In addi-
tion, the website provides up-to-date information on events, training, and
media coverage related to Section 508. The 

 

Section 508 Buy Accessible Wizard

 

[17], provided by the Accessibility Forum, offers federal purchasing agents
a tool to assess the accessibility of E&IT (electronic and information technol-
ogy) products and services.

In addition to the Access Board’s website [18], other federal agencies are
providing accessibility and usability resource information. For example, the
Department of Health and Human Services provides an extensive list of
resources for Web authoring, checking, etc., at Usability.gov [19]. There is a
widely dispersed collection of Section 508 checklists provided by various
federal agencies that provide some assistance to designers of E&IT. Examples
of such checklists can be found at the NASA website, which provides links
to more than 40 federal agency websites dealing with Section 508 compliance
[20]. The sites listed include the Department of Agriculture (http://
www.usda.gov/), the Census Bureau (http://www.census.gov/), the
Department of Defense (http://www.defenselink.mil/), the Department of
Education (http://www.ed.gov/), the Federal Communications Commis-
sion (http://www.fcc.gov/cib/), and the Department Health and Human
Services (http://www.hhs.gov/), just to name a few.
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Additional resources

 

The W3C/WAI has a website, 

 

Evaluation, Repair, and Transformation Tools for
Web Content Accessibility

 

 [21], that provides information and links to products
and services that help Web designers design and author more accessible Web
sites. The Accessible Design Resource Center (ADRC) website at Wayne State
University has an extensive collection of accessibility resources [22]. The
Special Needs Opportunity Windows (SNOW) project provides resources
for Web authoring and checking [23], as does the HTML Writers Guild [24].
More resources are available at the University of Minnesota’s 

 

Web Accessi-
bility Resources and Tools

 

 website [25]. The Trace Research & Development
Center, part of the College of Engineering, University of Wisconsin–Madison,
is another rich source of information and material [26].

 

Conclusions

 

The W3C design philosophy and approach, as reflected in the W3C goals
and WAI guidelines, exemplify the major goal of this book: to mainstream
accessible and universal design principles and strategies. The W3C has as
its first goal that of universal access. The W3C philosophy and goals have
become part of the Internet and Web design culture. It is taken for granted
that universal access is a fundamental design concern. Pragmatically, this
means that universal design and accessible design are essential and funda-
mental components of the 

 

thought process

 

 associated with the design process
discussed in Chapter 2.

An example that universal design is becoming part of the 

 

thought process

 

of Web designers and programmers is that universal design has found its
way into the curricula of programmers and Web designers. As part of the
DO-IT (Disabilities, Opportunities, Internetworking, and Technology)
project at the University of Washington, a collection of universal design Web
page class projects have been developed and implemented [27]. This exem-
plifies the natural integration of universal design concepts into the education
of programmers and Web designers, and provides another step in the main-
streaming process.

The creation of design and Web authoring tools that explicitly support
and encourage the use of accessible and universal design strategies is a major
force in promoting the practical application of these principles into actual
designs. The Access Board is a repository for all accessibility-related laws,
requirements, standards, training material, and resource material (http://
www.access-board.gov/)

 

. 

 

However, while helpful, all the Access Board’s
checklists and resource materials do not constitute design tools as are being
developed and implemented for Web design. As the internet and Web con-
tinue to grow and evolve it will present design challenges with respect to
the goal of universal accessibility or equability. Having a collection of design
and authoring tools that support accessible and universal design increases
the likelihood of designing truly accessible products and services.
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As the Web design community works to develop and ensure accessibility
and universal access to the Web, a new global conceptual model of disability
has been emerging, that is, the systems model as exemplified by the
WHO-ICF model. Central to these new models is that disability can be
reduced or eliminated as well as increased by environmental conditions. The
Web design community recognizes the important role of the environment
and the importance of universal Web access to the economic well-being of
individuals and collectively to society.

Concurrent with the evolution of Web design are the various social and
cultural movements that have emerged arguing strongly for not only the
economic benefits of accessible and universal design, but also promoting an
ethical imperative for universal design. The ethical imperative derives from
the growing importance of E&IT products and services. The ethical imper-
ative seeks to ensure that all people can fully participate in societal affairs.
These arguments are moving the development and application of universal
design principles from a legal and market-driven base back to a moral and
ethical perspective.

Section IV of this book looks more closely at the moral and ethical
imperatives that are further transforming accessible and universal design
principles and the scope of their utilization.
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section four

 

Ethical considerations and 
conclusions

 

Section goals:

 

• Explore the relationship between universal design and the ethics of
disability.

• Present three definitions of universal design and show how these
definitions represent an evolution of universal design toward a more
systems theoretic framework.

• Explore the relationship between universal design and an individu-
al’s ability to fully partake and participate in the activities of society.

• Discuss the changing role of designers with respect to the evolving
definition of universal design.

• Argue for the mainstreaming of universal design based on the per-
spective that advocates the full participation of all people in the
affairs of society.

 

Scope of the discussion

 

In the United States, a common rationale for employing accessible and uni-
versal design is that “it’s the right thing to do!” This is an ethical argument
and a very weak one at that. It is weak in that it is too vague to be useful.
Chapter 16 of this section argues that if an individual’s life is deemed “of
value” by society and if we live in a society that advocates the full partici-
pation of all its citizens in the activities and affairs of that society, then
following the systems model of disability, society must provide the infra-
structure and support necessary for such full participation to be possible.

The focus in Sections II and III was on the use of accessible and universal
design principles on the “Products and Technology” domain of the
WHO-ICF framework (that is, the traditional targets for design activities).
Chapter 16 takes this relational chain one step further and considers
the ethical impact on a person of the environment. It is argued that our
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environment, in the broadest sense and consistent with the WHO-ICF frame-
work, plays a significant role in defining an individual’s value to society.
That is, the environment plays a significant role, from an ethical perspective,
in defining a person’s societal value.

Chapter 17, the concluding chapter of the book, brings the discussion
back to where it began, but with a difference, in that we now explicitly
consider economic, societal, and political influences on the practice of design.
The practice of design takes place within a highly interconnected and com-
plex global system, and this context is changing the role of the designer as
well as pressuring universal design to assume a broader systems theoretic
framework. The pressures to move universal design toward a systems frame-
work and also toward a more inclusive integration into the design commu-
nity derive from not only economic, social, and political pressures, but also
from a new political ethics that seeks to ensure the full potential of all people
within the affairs of society. Based on these arguments, the ethical imperative
for mainstreaming accessible and universal design shifts from “it’s the right
thing to do” to “it’s the necessary thing for a society to do so as to ensure
the full participation of all its citizens in the activities and affairs of that
society.”

While Chapter 17 provides a summary and conclusion of the book’s
major points, it does so within an expanding economic, social, political, and
ethical context. In so doing, it is the author’s desire to challenge the readers’
(1) conceptualization of the practice of design, and (2) self-concept—that is,
your role as a designer.
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chapter sixteen

 

Ethics and universal design

 

Chapter goals:

 

• Reexamine the ethics of disability from a personal perspective to a
broader societal perspective of citizens being able to fully participate
in society’s activities and affairs.

• Show how the environment can influence a person’s societal value.
• Present three definitions of universal design showing an evolution

and expansion of the concept that conforms to the broader societal
ethics of disability.

 

Ethics

 

Ethics are a hot topic. The Securities and Exchange Commission has been
very busy investigating corporate conduct and imposing record fines and
penalties [1]. The Justice Department is equally busy dealing with corporate
fraud [1]. The 

 

New York Times

 

 attracted international attention for plagiarism
by one of its most respected journalists [2]. Then there was the national
attention and ethical debate generated by the removal of Terri Schiavo’s
feeding tube [3]. These stories highlight the meaning of ethics: “The disci-
pline dealing with what is good and bad or right and wrong or with moral
duty and obligation” [4].

 

Ethics of disability

 

Singer has stated that he insists he doesn’t want to kill me. He simply
thinks it would have been better, all things considered, to have given
my parents the option of killing the baby I once was, and to let other
parents kill similar babies as they come along and thereby avoid the
suffering that comes with lives like mine and satisfy the reasonable
preferences of parents for a different kind of child. It has nothing to
do with me. I should not feel threatened [5].
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So says Harriet McBryde Johnson. Johnson received considerable national
attention after the publication of a debate between Johnson and Princeton
University’s controversial bioethicist Peter Singer in 

 

The New York Times
Magazine

 

 [5].
The objective of this section is to place the ethics of disability in a human

context. McBryde Johnson is an articulate spokesperson, not only for herself,
but for all people with impairments and consequently disabilities. The
material in this section is drawn primarily from two sources, an April 12,
2003, article by Jennifer Berry Hawes in 

 

The Post and

 

 

 

Courier

 

 [6], and

 

 

 

the
February 16, 2003, article in 

 

The New York Times Magazine 

 

[5].
McBryde Johnson is an attorney. She runs a solo law practice in Charles-

ton, South Carolina, which mostly handles benefits and civil rights claims
for poor and working people with disabilities [6]. From early childhood she
has dealt with a progressive, congenital, neuromuscular disease. McBryde
Johnson’s generation was among the first to survive to, as she puts it, “

 

such
decrepitude

 

,

 

”

 

 because the availability of new antibiotics allowed individuals
with weakened respiratory systems to survive childhood pneumonias [5].

McBryde Johnson is often the recipient of comments such as, “If I had
to live like you, I think I’d kill myself” [5]. To McBryde Johnson, the word
“overcome” has an annoying quality. “It’s annoying because it conveys an
attitude by nondisabled people whose pity makes them applaud a disabled
person who so much as gets out of bed. … It hits me real often from strangers
and even people who know me pretty well because the expectations are so
low that they insist on being amazed” [6].

McBryde Johnson’s response to such comments and attitudes is: “I used
to try to explain that in fact I enjoy my life, that it’s a great sensual pleasure
to zoom by power chair on these delicious muggy streets, that I have no
more reason to kill myself than most people. But it gets tedious. God didn’t
put me on this street to provide disability awareness training to the likes of
them” [5]. She goes on to say that even when she tried to talk to such people,
to raise awareness, she felt that “they don’t want to know. They think they
know everything there is to know, just by looking at me. That’s how stereo-
types work. They don’t know that they’re confused, that they’re really
expressing the discombobulation that comes in my wake” [5].

People look at McBryde Johnson, form impressions, and jump to con-
clusions comparing their lives to hers. The debate between Professor Singer
and McBryde Johnson generalizes from this observation/impression-form-
ing process to the broader questions of the value and quality of one’s life.
The debate took place at Princeton University. The earlier quotation sum-
marizes Professor Singer’s basic position. Quoting McBryde Johnson:

He wants to legalize the killing of certain babies who might come
to be like me if allowed to live. He also says he believes that it
should be lawful under some circumstances to kill, at any age,
individuals with cognitive impairments so severe that he doesn’t
consider them ’’persons.’’ What does it take to be a person?
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Awareness of your own existence in time. The capacity to harbor
preferences as to the future, including the preference for continu-
ing to live.

At this stage of my life, he says, I am a person. However, as an
infant, I wasn’t. I, like all humans, was born without self-aware-
ness. And eventually, assuming my brain finally gets so fried that
I fall into that wonderland where self and other and present and
past and future blur into one boundless, formless all or nothing,
then I’ll lose my personhood and therefore my right to life. Then,
he says, my family and doctors might put me out of my misery,
or out of my bliss or oblivion, and no one count it murder.

Speaking for people with disabilities McBryde Johnson goes on
to ask: Are we ’’worse off’’? I don’t think so. Not in any mean-
ingful sense. There are too many variables. For those of us with
congenital conditions, disability shapes all we are. Those disabled
later in life adapt. We take constraints that no one would choose
and build rich and satisfying lives within them. We enjoy plea-
sures other people enjoy, and pleasures peculiarly our own. We
have something the world needs. {*inserted by author} [5]

In 

 

The Future of the Disabled in Liberal Society: An Ethical Analysis

 

, Reinders
considers these same issues—life, death, and human value [7]. Reinders’
book grew out of a 1996 request by the Dutch Association of Bioethics to
write an essay on the ethical implications of human genetics and implications
for people with mental disability. The question he was asked to address:
should we prevent disabled lives? Genetic testing allows us to currently
identify which couples might be at risk of parenting children with disabili-
ties, and whether or not a fetus has a genetic or developmental disability.
Societal attitudes and values, as investigated and articulated by Reinders,
and the laws such attitudes and values spawn, are part of the broader
environment within which we all exist.

Reinders notes that the “medical paradigm that has dominated the bio-
ethical agenda not only renders the existence of disabled people intrinsically
problematic, it turns to ‘preventions’ as the obvious solution to the problem”
[7]. The medical paradigm, with its focus on prevention, gives rise to the
following questions. Given the existence of genetic testing and the technical
ability to identify potentially disabled people, should we not prevent their
conception or birth so as to not inflict undue suffering and hardships not
only on the disabled individual, but also their family, friends, and society?
This line of argument also raises issues for the surviving disabled. How
much value do you place on the life of a person who should not be here?
As seen in McBryde Johnson’s comments, these questions are not just
hypothetical, but are being addressed and played out everyday by people
around the world.
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Reinders’ observations and conclusions agree with and support
McBryde Johnson’s comments about the mixed messages she has received.
These mixed messages include the following. You are here and as such we
value and respect you as a person. You have rights and liberties as afforded
all citizens. On the other hand, everyone would have been better off if you
were not here at all. Reinders argues that society today finds itself faced with
these two conflicting views of disability [7].

Given that McBryde Johnson and other people with disabilities are living
and part of our population mix, the environment works in yet another way
to assign worth to people. For example, McBryde Johnson uses a powered
wheelchair for mobility and computer technology for written communica-
tions. These and other environmental entities (technologies) enable her to
function effectively as an attorney and advocate for the disability community.
It can be argued that her native endowments, such as intelligence and for-
titude, in combination with a variety of environmental conditions, raise her
societal value. In fact, this argument holds for all people, not just people
with disabilities.

 

Native endowments, the environment, and disability

 

Section III presented universal design principles and strategies with the
premise, supported by examples, that their utilization creates more accessible
and less disabling environments. In Sections I, II, and III, it was argued that
broader use of accessible and universal design would lead to improved
functional capabilities for all people. The emphasis was on enhancing and
improving human functional capabilities—both physical and cognitive. This
chapter shifts the focus of attention from the impact of the environment on
human functional capabilities to the impact of the environment on the per-
ceived value of a person’s native endowments, that is, it considers environ-
mental impact from an ethical perspective.

Human beings are born with native endowments of various kinds: native
intelligence, natural abilities, behavioral dispositions, etc. Native endow-
ments are potentials, promises of what can be realized in a given environ-
ment, that is, social, political, and technological conditions. When realized,
an individual’s potential can take but one or a limited number of a larger
number of possibilities. Education and training opportunities represent a
small selection of the possibilities that might have been fulfilled. John Rawls,
considered by many as the most important political philosopher of the sec-
ond half of the 20th century, notes that the realization of potentials, created
by one’s natural endowments, are directly related to the “social attitudes of
encouragement and support, and institutions concerned with their early
discipline and use” [8]. Rawls further argues that conceptions of ourselves,
our aims and ambitions, and ultimately our realized abilities and talents,
derive from our personal history, opportunities, social position, and the
influence of good or bad luck [8].
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Technology contributes to one’s environment, but the nature, capabili-
ties, and targeted use of the technology are influenced by the broader social
and political components of one’s environment. However, technology also
influences social and political thinking and values. For example, it is now
commonly accepted that a blind person, with the appropriate technology
such as screen readers, text-to-Braille systems, etc., can perform clerical and
business tasks as well as a sighted person. This expectation evolved and
became commonly accepted as more and more people experienced, either
by using or observing its use, the effects of the technology. In a very real
and pragmatic way, the perceived value of a blind person as an office
employee increased as technology rendered him less disabled.

Rosenberg, in his paper entitled “The Political Philosophy of Biological
Endowments: Some Considerations,” presents an interesting example of how
the environment can influence the value placed on a person’s native endow-
ments [9].

In a population of Polynesians with no interest in coconuts, an
agile tree climber will have no capital advantage. And in one in
which all crave coconuts and can climb equally well, he will have
no advantage either, though in both cases his biological endow-
ment remains unaltered. … But things might be quite different.
Suppose the coconut trees are too high for any method but climb-
ing, and there is nothing to eat but coconuts. And suppose that
time preference is quite high because, lacking coconuts today, the
population will starve to death tomorrow. And suppose, finally,
that everyone has acrophobia and only a handful have a talent
for climbing. Here, the present value of the talent becomes ex-
tremely high [9].

Rosenberg concludes that the environment plays a significant role in
society’s identification of a native endowment as significant, beneficial,
benign, or harmful. Recall that the World Health Organization’s systems
conceptual model of disability holds that environmental conditions can
increase or decrease one’s disability with respect to activities within that
environment. If the environment renders a person less disabled with respect
to a given activity, then it is reasonable to conclude that the person’s per-
ceived value, with respect to the activity, will increase. Figure 16.1 illustrates
these relationships diagrammatically.

Moulton et al., in

 

 Accessible Technology in Today’s Business: Case Studies for
Success

 

 [10], present examples from a variety of businesses where assistive
and enabling technology created jobs for or greatly improved the perfor-
mance of people with disabilities. These case studies demonstrate how
technology can, in fact, increase a person’s social value within a business
environment.

If we subscribe to the World Health Organization’s conceptual model of
disability and we agree that universal design is a way to decrease or eliminate
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environmentally induced disability, then is there not an ethical imperative
for designers and planners to utilize universal design principles and strate-
gies? The answer to this question must be yes if we accept the arguments
presented in the previous paragraph. Not only is an individual with a dis-
ability eligible for all the rights and privileges associated with personhood,
but additionally, the designed or technological elements of the environment
can enhance human functioning and thereby increase the individual’s per-
ceived value, while concurrently raising societal expectations and establish-
ing new societal norms. This is a powerful conclusion.

 

Universal design: Expanding the scope

 

The foregoing presented an argument for an ethical imperative that design-
ers and planners utilize universal design principles and strategies. Accep-
tance of this argument would signify a shift in societal thinking, that is, from
the need for accessible design prescribed and mandated by law, to the main-
streaming of universal design because it is not only good design, but ethically
required. Evidence will now be presented that this transformation of societal
thinking is already taking place.

Three definitions of universal design will be provided wherein each
additional definition broadens the scope of universal design. The first defi-
nition, provided earlier and used in the preceding chapters, is derived from
universal design’s relatively narrow architectural roots. The definition
focuses on the built environment and designed entities, and arose concur-
rently with the social model of disability that viewed disability as an envi-
ronmental condition. In this context; 

 

universal design can be defined as the design
of entities that can be used and experienced by people of all abilities, to the greatest
extent possible, without adaptations 

 

[11].
The second definition of universal design is provided in a Council of

Europe resolution proposing the introduction of universal design principles

 

Figure 16.1

 

Conceptual model derived from the WHO-ICF relating person–environ-
ment relationships to functional change (enabling or disabling) and a corresponding
change of the societal value of the person.

Person:
Native endowments 
Health condition 
Personal factors 

Environment:  (WHO-ICF) 
Products and technology 
Natural environments & 
human made changes to the 
environment 
Support and relationships 
Attitudes
Services, systems and policies

Enabling or

disabling
Societal 

value
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into the curricula of all occupations working on the built environment {Res-
olution ResAP(2001)1} [12]. The aim of the resolution is to guarantee utili-
zation of universal design so as “to ensure equal chances of participation in
economic, social, cultural, leisure and recreational activities, everyone of
whatever age, size, and ability must be able to access, use and understand
any part of the environment as independently and as equal to others as
possible” [12].

The Council of Europe, Committee of Ministers, provides the following
definition of universal design. “Universal design is a strategy, which aims
to make the design and composition of different environments and products
accessible and understandable to as well as usable by everyone, to the
greatest extent in the most independent and natural manner possible, with-
out the need for adaptation or specialized design solutions” [12]. This defi-
nition is significant because it moves the notion of universal design into a
more political context.

This definition is a significant expansion of the first, in that it views
universal design from a much broader societal context and sees universal
design as a way to bring about a fuller “participation in economic, social,
cultural, leisure and recreational activities” for all people. Further, this def-
inition explicitly uses the terms environments, understandable, and usable,
and as such expands the scope of universal design from the first definition.
Note that the universal design principles and strategies presented in Section
III also conform to this definition of universal design.

The integration of universal design principles into the curricula of
designers and planners would place universal design in the mainstream of
European design and establishes universal design as good design, as the
expected design, as the norm. The European Concept for Accessibility Net-
work makes the case for good design. In discussing diversity in the years
2000 and beyond, they urge Europeans to “no longer talk about the specific
needs of certain categories of people, but talk about human functioning. We
should look at every aspect of human functioning, without categorizing. …
Accessibility will lose its stigma and become a mainstream issue. We won’t
need terms like Design for All or Universal Design anymore. We will only
refer to good design and bad design” [13].

The mainstreaming of universal design by the World Wide Web (Web)
design community also gives evidence to the shift in societal thinking and
is consistent with the European Council’s rationale for and definition of
universal design. As presented in Chapter 15 of Section III, universal access
is a fundamental goal of the W3C Web Accessibility Initiative (WAI). Tables
15.1 and 15.4 demonstrate that the WAI guidelines and Section 508 guidelines
incorporate all universal design principles. Emerging Web design and
authoring programs contain specific accessible design tools and WAI and
Section 508 compliance checking. Hence, the explicit goal of universal Web
accessibility by the W3C and the explosion of Web authoring and design
tools that support and encourage universal design exemplifies the integra-
tion of universal design into mainstream thinking about the Web.
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Corporations are also recognizing the links between the environment
and disability, and are taking very concrete and pragmatic steps to address
the issues. Toyota has embraced the utilization of universal design across all
its products and services [14]. This includes cars and transportation as well
as housing [15]. Toyota has built the TOYOTA Universal Design Showcase
in downtown Tokyo to explain and promote universal design [14]. OXO
International, a renowned and widely recognized maker of kitchen and
culinary utensils, uses universal design principles throughout its entire prod-
uct line and is a strong advocate of universal design [16].

The following quote from the preface to Southwestern Bell Communi-
cations (SBC) ethical code is remarkably similar to the vision of the European
Council Resolution.

Universal design is critical to millions of Americans who depend
on telecommunications accessibility for employment, education,
social interaction, recreation and other life activities. Access to
telecommunications allows persons with disabilities greater par-
ticipation in society, without which they face pervasive challeng-
es. SBC’s commitment to universal design principles is a tangible
demonstration of the value SBC places on the worth and dignity
of all individuals, including people with disabilities. SBC is com-
mitted to universal design [17].

This statement explicitly recognizes the importance of telecommunication
products and services in modern life and that lack of telecommunications
accessibility can be disabling and limit a person’s ability to participate fully
in society. This view is consistent with the social and systems conceptual
model of disability in that the environment can create disabilities or reduce
disabilities. From the perspective of these models, universal design is the
preferred design approach. Universal design has at its core an ethic of inclu-
siveness. This ethic of inclusiveness recognizes human differences and seeks
to create entities that support a diversity of human capabilities. It is from
this ethic of inclusiveness that the third definition of universal arises.

The third, and final, definition of universal design is a significant gen-
eralization and as such is a more thought-provoking conceptualization. Weis-
man in the paper entitled “Creating Justice, Sustaining Life: The Role of
Universal Design in the 21st Century” offers the following definition of
universal design along with a question. “If we were to define universal
design as a values-based framework for design decision making, based on
an ethic of inclusiveness and interdependence that values and celebrates
human difference and acknowledges humanity’s debt to the earth, how
might this effect the design and use of the built environment” [18]? This is
the most general and far-reaching definition of universal design. It is a
definition that moves universal design squarely into the political arena.
Weisman argues that, “While the focus on accessibility that gave rise to the
universal design movement has begun to produce significant innovation in
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product and graphic design … it is time to move beyond the letter of the
law to the spirit of the law; to shift our focus from redressing human and
environmental problems through remedial design to preventing problems
through holistic design” [18].

 

Conclusions

 

Society’s conceptualization of universal design is evolving; in particular, it
is expanding from a relatively narrow scope to definitions that include
broader ethical values and social consequences. The accessible and universal
design principles presented in Sections II and III describe how designed
entities can enhance and improve human functioning. This chapter argues
that the environment places a social value on people. If technology enables
a person to function at a higher, more proficient level, the person’s value to
society is seen to increase. These conceptualizations of universal design
envision outcomes in which all people, including people with disabilities,
can enjoy full participation in community life.

Societal values, in particular as reflected in our laws, strive to create an
environment that supports fuller participation for all citizens. However,
McBryde Johnson’s personal experiences bear witness to the fact that people
with disabilities generally do not enjoy full participation in community life.
Accessible design, as driven by legal mandates, guidelines, and regulations,
does increase accessibility in the regulated contexts. Universal design has
the potential to greatly increase everyone’s involvement and participation
in community life. The next chapter revisits the societal linkages that influ-
ence the practice of design. It specifically looks at the interplay between
designed entities, social values, political expressions, and evolving concep-
tualizations of universal design.

 

References

 

1. MacNeil and Lehrer, “Corporate Ethics: An Online NewsHour Special Re-
port,” Copyright © 2003 MacNeil/Lehrer Productions: http://www.pbs.org/
newshour/bb/business/ethics/, 2003.

2. T. Kunkel, “Dean Thomas Kunkel Statement on New York Times Plagiarism
Case,” Copyright © 2003 Philip Merrill College of Journalism: http://
www.journalism.umd.edu/newrel/03newrel/nytimesblair03.html, 2003.

3. M. Roig-Franzia, “Justices Decline Schiavo Case, Options Dwindle for Those
Trying to Keep Florida Woman Alive,” in 

 

Washington Post

 

. Washington, D.C.,
2005, pp. A01. 

4. Merriam Webster, 

 

Webster’s Third New International Dictionary of the English
Language Unabridged

 

. Chicago, IL: William Benton, 1966.
5. H. McBryde Johnson, “Unspeakable Conversations,” in 

 

The New York Times
Magazine

 

: http://community.webtv.net/stigmanet, 2003.
6. J. Berry Hawes, “Harriet McBryde Johnson,” in 

 

The Post and Courier

 

. Charles-
ton, 2003.  

 

7493_C016.fm  Page 229  Monday, May 14, 2007  2:42 PM

© 2008 by Taylor & Francis Group, LLC

www.pbs.org
www.pbs.org
www.journalism.umd.edu
www.journalism.umd.edu
http://community.webtv.net


 

230 Universal and Accessible Design for Products, Services, and Processes

 

7. H. S. Reinders, 

 

The Future of the Disabled in Liberal Society

 

. Notre Dame, IN:
University of Notre Dame Press, 2002.

8. J. Rawls, 

 

Justice as Fairness

 

. Cambridge, MA: The Belknap Press of Harvard
University Press, 2001.

9. A. Rosenberg, “The Political Philosophy of Biological Endowments: Some
Considerations,” in 

 

Equality of Opportunity

 

, Ellen F. Paul et al., Eds. Oxford:
Basil Blackwell, 1987, pp. 1–31.

10. G. Moulton, L. Huyler, J. Hertz, and M. Levenson, “Accessible Technology in
Today’s Business: Case Studies for Success,” Redmond, WA: Microsoft Press,
2003.

11. Center for Accessible Housing, “Accessible Environments: Toward Universal
Design,” Raleigh, NC: North Carolina State University, 1995.

12. Council of Europe Committee of Ministers, “Resolution ResAP(2001)1 on the
introduction of the principles of universal design into the curricula of all
occupations working on the built environment. Adopted by the Committee
of Ministers on 15 February 2001, at the 742nd meeting of the Ministers
Deputies, http://www.fortec.tuwien.ac.at/bk/BK-DOK-UnivDes.htm, 2001.

13. European Concept for Accessibility Network, Web home page: European
Concept for Accessibility Network, Text Sites: History (http://www.eca.lu/
history.html); and Definitions (http://www.eca.lu/def.htm), http://www.
eca.lu/, 2001.

14. Toyota, “TOYOTA Universal Design Showcase,” http://www.megaweb.
gr.jp/Uds/English/guide.html, 2004.

15. Toyota, “Toyota’s initiatives in universal design,” http://www.toyota.co.jp/
en/environmental_rep/04/download/pdf/p67.pdf, 2004.

16. College of Design, “OXO International Becomes a Universal Design Icon;
Case Study,” NC State University, College of Design: http://design.ncsu.
edu/cud/proj_services/projects/case_studies/oxo.htm, 2000.

17. SBC, SBC: 

 

Universal Design Policy

 

, Southwestern Bell Communications, 1998.
18. L. K. Weisman, “Creating Justice, Sustaining Life: The Role of Universal

Design in the 21st Century,” presented at Adaptive Environments Center 20th
Anniversary Celebration, The Computer Museum, Boston, April 10, 1999,
http://www.adaptenv.org/examples/article2.php?f=4.

 

7493_C016.fm  Page 230  Monday, May 14, 2007  2:42 PM

© 2008 by Taylor & Francis Group, LLC

http://community.webtv.net
www.eca.lu
www.eca.lu
www.megaweb.gr.jp
www.megaweb.gr.jp
www.toyota.co.jp
www.toyota.co.jp
http://design.ncsu.edu
http://design.ncsu.edu
www.adaptenv.org


 

231

 

chapter seventeen

 

Universal and accessible 
design from a social and 
political perspective

 

Chapter goals:

 

• Reexamine the linkages between design and broader societal con-
cerns.

• Examine universal and accessible design from a social and political
perspective.

• Examine the role of the designer.
• Argue for the mainstreaming of universal design from an ethical

perspective that advocates the full participation of all its citizens in
the activities and affairs of society.

 

Linkages

 

An old proverb goes something like this: 

As a child I played in a tree close by my home. I moved away.
As an adult I came back home and saw my play tree. It was the
same, but different.

We started this book with a discussion of how the practice of design does
not take place in a vacuum, but rather is part of a rich tapestry of interde-
pendence among technology, laws, ethical values, and society’s conceptual-
ization of disability. We end this book with a continuation of this same theme,
but “with a difference.” 

Figure 17.1 starts with the elements of Figure 1.1 and adds economic
considerations, and societal and political pressures to the mix. The design
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process is again placed at the center of this diagram to emphasize our focus
on design and the fact that design takes place in a complex societal context.

Accessible and universal design principles and strategies derive from a
simple fundamental premise: design entities to work with, support, and
enhance human functioning. Design to human strengths and not human
weaknesses. As the definition and applications evolve, it is important to
remember this fundamental premise.

 

From here to where?

 

The ethical dimension of universal design goes back to its original concep-
tualization. “Architect Ron Mace coined the term in the early 1980s, as
architectural requirements began to illustrate how access for people with
disabilities usually meant better access for everyone” [1]. From this relatively
humble beginning, universal design has morphed into a much more com-
plicated idea.

Recall that in his article entitled “Creating Justice, Sustaining Life: The
Role of Universal Design in the 21st Century,” Weisman argues for an
expanded “values-based framework for design decision making, based on

 

Figure 17.1

 

Design takes place within a complex set of linkages and interrelation-
ships. This is Figure 1.1—but with a difference. Economics, politics, and social pres-
sures have been added.
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an ethic of inclusiveness and interdependence that values and celebrates
human difference and acknowledges humanity’s debt to the earth” [2]. Weis-
man argues that it is time “to shift our focus from redressing human and
environmental problems through remedial design to preventing problems
through holistic design” [2]. Holistic design is another way of saying we
need a broader systems view [3, 4]. From Mace to Weisman we have moved
from universal design affording more accessible homes for everyone to uni-
versal design as a way to solve major world problems—this is quite a jump.

Thackara, in his book entitled 

 

In the Bubble: Designing in a Complex World,

 

argues forcefully that, “If we can design our way into difficulty, we can
design our way out” [5]. This resonates with Weisman’s call for preemptive
holistic design. However, Thackara tempers a strong preemptive holistic
approach with a concern for unexpected consequences [5]. Our world is such
a complex place that what we do in one context, while making sense at the
time, has potentially devastating consequences as processes and systems
evolve and grow, and as the scale of things change. Examples include the
greenhouse effects of global warming and environmental pollution [5].
Addressing such issues as these requires designers to draw upon the prin-
ciples of general systems theory that argue for a broader systems perspective
[3, 4].

It is from this system’s theory framework that Thackara argues the
following: “If we can design our way into difficulty, we can design our way
out.” However, for this to work, we need to rethink what we mean by design
[5]. Michael Douglas, artist, designer and Program Director of RMIT Uni-
versity, Melbourne, Australia, has been quoted as saying that “we need to
pursue design practices which weave themselves through the social fabric
without damaging it” [6, 7]. This is yet another way of saying that we need
to better understand our design actions within a broader system’s context,
that is, within the linkages depicted in Figure 17.1.

Weisman, Thackara, and Douglas are just three voices, in an emerging
chorus, stating the essential arguments for a new values-based universal
design principle based on ecological concerns, but still consistent with the
fundamental premise of designing entities to work with, support, and
enhance human functioning. A clear articulation of such a principle has not
yet evolved. Thackara states that in terms of addressing broad-based societal
concerns, there are five types of “capital” with which society (designers) has
to work; “natural, human, social, manufactured, and financial” [5]. How we
manage this capital reflects the values and collective will of society suggested
by the interaction of the elements in Figure 17.1.

This book has focused primarily on “manufactured” capital and second-
arily on “human” capital. Manufactured capital in the broadest sense—prod-
ucts, services, and workplace processes, fixtures, and controls necessary to
make and deliver products or services. Human capital in a more narrow
sense of how people interact with and use the manufactured capital in terms
of consumer products and services and work environments. Chapter 16
broadened the human perspective by exploring the ethical aspects of
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accessible and universal design. One conclusion from that discussion, in
terms of this chapter, is that the manufactured capital can influence the
perceived worth of human capital. Social capital can also influence the worth
of human capital. The term “social capital” includes the broader social con-
text within which we live and therefore covers not only social elements, but
also political considerations.

 

Universal design from a systems perspective

 

Thackara urges that we need to design systems that are more “sustainable
and light” (in terms of environmental and societal impacts) [5]. This formu-
lation is moving closer to a values-based universal design principle in that
sustainable and light are social values that influence how decision makers
and designers approach and plan their projects. Formulating some form of
“sustainable and light” as a transcending and integrating universal design
principle would in turn create additional design strategies and provide an
additional context in which to interpret the existing strategies.

Thackara presents three broad design strategies whose application could
yield more sustainable and lighter systems [5]:

1. Minimize the waste of matter and energy.
2. Reduce the movement and distribution of goods.
3. Use more people and less matter.

These concepts can be viewed as a design principle hierarchy. The design of
“sustainable and light” systems can be viewed as a values-based transcend-
ing and integrating principle supported by the three strategies. Each strategy
has associated design substrategies, and such substrategies are in fact pre-
sented in Thackara’s book, but not from this hierarchical perspective.

These new strategies can be related to the existing universal design
principles as follows. The first two strategies are in harmony with the uni-
versal design principles related to 

 

muda

 

 (waste) reduction, the elimination
of non-value-added activity (NVAA), and the reduction of variability—but
from a global perspective. The third strategy—use more people and less
matter—can be seen as supporting the first two strategies in that such an
approach could make less demands on the environment and thereby be more
sustainable. The third strategy can also be, arguably, promoted from the
economic perspective of employing more people in a world with a rapidly
growing population.

The evolution of universal design has and will continue to stimulate
debate. Due to its original conceptualization by Mace, the inclusion of “equi-
tability” as a transcending and integrating universal design principle has
not been debated. However, as pressures mount to broaden the scope of
universal design, we can expect continued serious debate about the inclusion
of other values-based design principles—for example, ones dealing with
“sustainable and light” systems or ecological concerns.
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Regardless of where the debate goes, we as designers must still deal
with the complexity suggested by Figure 17.1. The next section provides
some examples of linkage complexity.

 

Examples of linkage complexity and the changing role of 
designers

 

Figure 17.1 diagrams that as the complex systems in our lives work to shape
our lives, these same complex systems are, in turn, shaped by all the people
who use and interact with them. As noted in previous sections, design is no
longer a solitary act, but rather a collaborative activity. So many of the
examples presented thus far illustrate that designers are moving from being
“individual authors of objects, or buildings, to being facilitators of change
among large groups of people” [5]. Recall (from Chapter 14) the impact of
the design decisions by managers at Wal-Mart, McDonald’s, Fuji Heavy
Industries, Toyota, OXO, all the way down to small businesses such as Art
for a Cause and Goodwill Industries. Also recall (from Chapter 15) the impact
of Web designers on the creation of the World Wide Web following the W3C
Web Accessibility Initiative design guidelines [8, 9]. Web designers are, in
fact, the “facilitators of change among large groups of people.”

We can examine the complexity and linkages suggested in Figure 17.1
by looking, once again, at the operations of Wal-Mart, McDonald’s, Art for
a Cause, and Goodwill Industries. With respect to the complexity of system
interactions, Thackara could have been talking about Wal-Mart when he
wrote the following: “Modern logistics, although undeniably impressive, is
a smart answer to the wrong question. Logistics analyzes and optimizes the
supply chain for a company and so creates value—but at a cost to the rest
of us. In addition to the energy consumed, logistics consumes huge amounts
of space and equipment. The total supply of short-term warehouse space
increased from 6.1 to nearly 6.5 billion square feet between 1999 and 2000
alone. Faster movement of people or goods requires much greater public
investment in transport systems. More logistics, however efficient, will make
things worse if it is dedicated to shifting stuff further, faster. Rather than
long-distance patterns of movement at accelerating speeds, local patterns or
activity are a better destination” [6].

Wal-Mart’s utilization of Six Sigma, 

 

kaizen

 

, and other universal design
strategies were, and are being, made from a conceptual model that is different
than that presented by Thackara. If Wal-Mart had been making its system
design decisions within a conceptual framework that had “sustainable and
light” as one of the highest-level principles, its systems-level design
approaches could have been very different. It is not the point of this discus-
sion to speculate as to whether the results would have been “better,” as such
speculation is a value judgment, the discussion of which is beyond the scope
of this book.
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Complex interactions are also present with McDonald’s mix of global
suppliers and local suppliers, along with a corresponding mix of logistic and
ecological consequences [10–14]. While McDonald’s is a worldwide franchise
operation, and the McDonald’s logo is globally recognized, each country
and locality also has unique food and merchandising elements. To serve such
a diverse market with fresh produce, McDonald’s has had to develop strong
local supply networks [12–14]. Thus, while India’s “Cold Chain” operation
can move chickens and vegetables from “farm bulk to cooler in less than 90
minutes” [11–14], problems arise from exporting South American beef, chick-
ens, and eggs; problems related to rain forest deforestation [10] to health
concerns [13, 15], and to the humane treatment of the chickens [15].
McDonald’s “Cold Chain” concept in India exemplifies Thackara’s three
strategies and is also representative of Six Sigma and 

 

kaizen

 

 strategies. The
problems reported regarding the  export of South American beef, chickens,
and eggs are in addition to the logistic and storage concerns associated with
such a large-scale operation. While the South American export strategy
aimed at reducing costs and increasing the supply of necessary foodstuffs,
these design objectives were offset by the ecological and social issues raised
[12, 13, 15].

The scale of operations and management strategies of both Wal-Mart
and McDonald’s demands a global supply chain, yet local markets, pres-
sures, and rising concerns regarding labor issues such as increased automa-
tion, outsourcing, downsizing, overseas investment, fuel consumption, glo-
bal warming, and other ecological damage create pressure for new
approaches [5, 13, 16]. Smaller-scale operations can explore and develop new
approaches.

Art for a Cause exemplifies Thackara’s three principles for more sustain-
able and light systems. By designing processes that support the employment
of people with disabilities, the ETL/Art for a Cause collaboration focuses
on using people as opposed to a more automated approach requiring more
energy and fewer people. By establishing a global network of replicated
operations, Art for a Cause will work to minimize the waste of matter and
energy using human labor as opposed to automation, and will also work to
reduce the movement and distribution of the goods produced. Each opera-
tion will receive the raw materials it requires and then distribute work to
regional centers and finished product to regional markets. Each regional or
national operation will exchange finished products that are unique to the
supplier, but this international exchange can be reduced as workers at each
location become skilled in replicating the new patterns and designs.

Goodwill Industries is also caught up in the global economy. Substantial
portions of its donated clothes end up being baled and sold for recycling.
Discussions with the retail manager of the West Bend, Wisconsin, store
indicated that the baled material is sold as bulk to a buyer and distributor
in Georgia. The distributor unbundles and sorts according to country—
summer clothes to Africa or South America, winter clothes to eastern Europe,
and wools are recycled in Italy for further use. Goodwill gets $0.04 to $0.06
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per pound. The current baling and recycling process is ripe for redesign and
overhaul.

This process raises questions such as the following. Can the clothes be
recycled locally, rather than transported to Georgia and then around the
world? If the baled clothes must go through Georgia, or some other inter-
mediary, perhaps the supplying Goodwill sites should sort the clothing by
seasonal use before baling? If Goodwill sites sorted the clothes, would the
labor costs of sorting be shifted from the Georgia intermediary to Goodwill
in terms of a higher payment per pound? These questions arise from the
economic, political, and social context within which Goodwill operates, and
the design decisions it makes at each store are influenced by such factors.

Goodwill operations have also entered the global e-commerce world

 

:
“

 

shopgoodwill.com

 

” is the first Internet auction site operated by a nonprofit
organization [17]. In 1999, Goodwill Industries of Orange County, Santa Ana,
California, was the first organization to start, and today most regional Good-
will organizations run a site in addition to the “

 

shopgoodwill.com

 

” operated
by Goodwill International.

 

 

 

Goodwill Industries International has 205 mem-
bers with operations in 24 countries on 6 continents. Goodwill’s online
shopping categories include antiques, art, books and records, cameras, elec-
tronic equipment, clothing, collectibles, home décor, jewelry, musical instru-
ments, and toys. The variety of items offered on “

 

shopgoodwill.com

 

” matches
the breadth of larger commercial auction sites, with an average of 11,000
items listed on any given day [18]. “A clear leader in the online charity
auction business, the site operates continuously, and gets more than 500,000
hits a day from all corners of the globe” [18].

The decision to enter the e-commerce market again reflects the techno-
logical, economic, political, and social contexts within which Goodwill oper-
ates. The system design decisions as to Web design, the logistics of inventory
handling and shipping, and the auctioning and payment processes are all
influenced by these broader contextual issues and linkages.

Art for a Cause and the Goodwill Industries operations described in
Chapter 14 are, in many respects, the polar opposites of the McDonald’s and
Wal-Mart operations—not just in terms of size, scale of operations, and
revenue, but also in terms of their use of accessible and universal design
principles with respect to their respective employees. From a societal and
political point of view, these distinctions sharpen the issues surrounding
questions of how we should be using universal and accessible design.

 

Universal and accessible design in relation to society and 
politics

 

Universal design has gained notoriety as a result of laws mandating acces-
sibility for people with disabilities, for example, to public buildings and
public transportation systems [19], telecommunication products and services
[20], and the broad spectrum of electronic and information technology [21].
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Accessible design derives its definition from the laws that prescribe accessi-
bility. The laws and associated guidelines [22] specify in a legal sense what
is normative with respect to accessibility. In this way, accessible design
principles, as formulated by laws and guidelines, shape society’s assump-
tions about what is normative (that is, normal, acceptable, and expected).

While laws have gone a long way to address inequalities and promote
equity for all citizens, it is time, as Weisman argues, “to move beyond the
letter of the law to the spirit of the law; to shift our focus from redressing
human and environmental problems through remedial design to preventing
problems through holistic design” [2]. Weisman argues that universal design,
more broadly defined than most current definitions, is a vehicle for moving
in a new direction.

In his book entitled 

 

Justice as Fairness

 

 [22], Rawls, one of the world’s
most influential political philosophers, develops arguments proposing an
ideal political structure, derived from a representative, participatory democ-
racy embracing constitutional liberalism. The political structure proposed
by Rawls can provide a new highway infrastructure for the universal design
vehicle described by Weisman.

Every country and culture represents a unique environment and hence
elicits a unique application of universal and accessible design practices. The
primary focus of this book is design activities in the United States and other
developed countries. Hence, for the purposes of this book, we limit the
discussion to the ethical linkages and relationships between the principles
and ideals inherent in a representative, participatory democracy embracing
constitutional liberalism and accessible and universal design principles. It is
the ethical principles underlying such democratic societies that provide the
ethical imperatives for the promotion and advocacy of accessible and uni-
versal design.

It is important that we all agree on the terms used in the previous
paragraph. The 

 

New International Dictionary of the English Language
Unabridged

 

 defines a representative democracy as “a form of government in
which the supreme power is vested in the people and exercised by them
indirectly through a system of representation and delegated authority in
which the people choose their officials and representatives at periodically
held free elections” [23]. Zakaria, in his book entitled 

 

The Future of Freedom

 

[24], notes that in 1900, “not a single country had what we would today
consider a democracy: a government created by elections in which every
adult citizen could vote.” Today, Zakaria claims that 119 countries, or 62
percent of all countries, can be considered democratic.

Individual freedom and the ability and opportunity to fully participate
as free and equal citizens in political debate and discussion is another hall-
mark of Western democracy [22]. Democracies thus characterized are termed
“participatory democracies” [22]. Again, quoting Zakaria: 

For people in the West, democracy means “liberal democracy”—a
political system marked not only by free and fair elections, but
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also by the rule of law, separation of powers, and the protection
of basic liberties of speech, assembly, religion, and property [24].

The term “liberal” is used in the 19th-century sense, sometimes called “clas-
sical liberalism.” Liberalism in this sense is concerned with individual lib-
erties: economic, political, and religious [24]. The term “liberal” is not used
in the current political form—as in liberal versus conservative—and should
not be construed to mean a “left”-leaning political orientation.

Hence, the United States is one of many countries that are a representa-
tive, participatory democracy embracing constitutional liberalism. Constitu-
tional liberalism focuses on the government’s goals. These goals are rooted
in Western history “that seeks to protect an individual’s autonomy and
dignity against coercion, whatever the source—state, church, or society. The
term marries two closely connected ideas. It is liberal because it draws on
the philosophical strain, beginning with the Greeks and Romans, that
emphasizes individual liberty. It is constitutional because it places the rule
of law at the center of politics” [24, p. 19].

Laws are essential in that they form the ground rules for cooperation in
our society. Laws are a set of mutually agreed-upon procedures, restrictions,
and mandates that culturally diverse citizens collectively agree to follow. In
a very real way, our laws reflect our collectively agreed-upon ethics and
values. This brings us back to Rawls’ ideal political structure derived from a
representative, participatory democracy embracing constitutional liberalism.

Features of such societies include “measures assuring to all citizens
adequate all-purpose means to make effective use of their liberties and
opportunities” [25]. Justice as fairness regards “citizens as engaged in social
cooperation, and hence as fully capable of doing so, and this over a complete
life” [25]. Rawls argues that justice as fairness is an ideal theory, a theory
that hypothesizes a well-ordered society and two fundamental principles of
justice:

Each person has the same indefeasible claim to a fully adequate
scheme of equal basic liberties, which scheme is compatible with
the same scheme of liberties for all; and

Social and economic inequalities are to satisfy two conditions:
first, they are to be attached to offices and positions open to all
under conditions of fair equality of opportunity; and second, they
are to be to the greatest benefit of the least-advantaged members
of society (the difference principle) [22, pp. 42–43].

The first principle is consistent with a representative, participatory
democracy embracing constitutional liberalism, such as in the United States.
The second principle is where Rawls’ ideas move more deeply into the realm
of the ideal, in particular the difference principle and who are the “least-
advantaged.” According to Rawls, “In a well-ordered society where all citi-
zens’ equal basic rights and liberties and fair opportunities are secure, the
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least advantaged are those belonging to the income class with the lowest
expectations. To say that inequalities in income and wealth are to be arranged
for the greatest benefits of the least advantaged simply means that we are to
compare schemes of cooperation by seeing how well off the least advantaged
are under each scheme, and then to select the scheme under which the least
advantaged are better off than they are under any other scheme” [22, pp.
59–60].

Disability rights advocates are quick to point out that disabled individ-
uals experience inequalities in income and wealth and as a class have low
expectations for economic improvement. If they, as a class, are not the group
with lowest expectations, they are one of the lowest. Under Rawls’ scheme,
laws such as the ADA, Section 255 of the Telecommunications Act, and
Section 508 of the Rehabilitation Act are examples of laws that satisfy the
difference principle, in that they provide the greatest benefit to the
least-advantaged members of society. These laws are designed to ensure that
people with disabilities can in fact, as citizens, be fully engaged in social
cooperation over a complete life.

As a citizen of a country, the country’s laws and attitudes toward dis-
ability and the disabled play a dominant role in defining what is normative,
what is expected, and what is valued. Returning to McBryde Johnson’s
interview with Berry Hawes [26], McBryde Johnson stated that people with
impairments should be able to exercise more control over their environments
and time. As an example, she cited the Medicaid system. Medicaid dollars
are assigned to specific nursing home beds. She wants those dollars assigned
to disabled individuals who would then decide how to spend the money.
Why should a nurse, she asks, have to write an order for her to hire someone
to change bedpans? To bathe her? To help her into a van? As McBryde
Johnson says, “The system needs to let people make their own decisions”
[26]. She goes on to say that “[t]he notion of a nurse or doctor to oversee
this is silly. Our society has dehumanized people so much that this is con-
sidered OK, that we should just be happy that someone will do it” [26]. From
her perspective, society places little value on the disabled, and she uses the
term “dehumanized” to express this opinion.

McBryde Johnson’s approach reflects the systems conceptual model of
disability. People with impairments are citizens of the United States and have
the right to be able to fully participate, as free and equal citizens, in all of
society’s activities. That includes lobbying for and securing the right to make
economic and medical decisions for themselves. Society has the obligation
to provide the infrastructure and resources necessary for this to hap-
pen—that is, to create a nondisabling environment.

In Rawls’ formulation, society’s expectations define those people who
are considered least advantaged. As discussed in Chapter 16, the environ-
ment plays a significant role in determining society’s expectations for indi-
viduals with disabilities. The blind office worker has different perceived
value, depending on the availability of enabling technology. Therefore, if
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one adheres to the difference principle, then one must advocate for environ-
ments that are inherently the least disabling for as many people as possible.

If a society’s laws establish accessibility and societal participation as the
norm, then what is the role of universal design? In such a society, justice as
fairness could arguably extend to viewing universal design as the only
ethical design approach, one that explicitly sets out to allow maximum
participation in the designed activity or with the designed entity. The justice
as fairness model lends credence to Weisman’s definition of universal design
and his admonishment “to move beyond the letter of the law to the spirit
of the law; to shift our focus from redressing human and environmental
problems through remedial design to preventing problems through holistic
design” [2].

 

Conclusions

 

Figure 17.1 diagrammatically captures the interrelatedness and complexity
of the “design process.” The concepts of universal and accessible design are
evolving, as is evidenced by the varied definitions and conceptualizations
presented in this book and as articulated in the mission statement of the
International Association for Universal Design (IAUD). As part of its mission,
the IAUD seeks to “carry out joint development and joint research on model
cases beyond the framework of industry and business, seeking to manufac-
ture products and create a social environment placing importance on the
people-centered way of thinking, respecting the humanity of each person.
We will take into account not only the products and services that are related
to UD, but also the elements that influence the way we live, including
creating the environment, how we spend the leisure time, inheritance of
culture, and education” [27].

The universal and accessible design principles presented in Sections II
and III derive from more narrowly conceived definitions of universal and
accessible design. Given the evolving nature of universal design, it is natural
to assume that more principles will be added over time—for example, prin-
ciples that more explicitly deal with sustainability and lightness.

How these principles are applied will depend on how we as a society
express our collective values in our laws. Recent court and ballot initiatives
successfully promoted legal action to curtail or suspend affirmative action
in employment and college recruitment and admissions [28–30], and the
courts have a history of defining the limits of the ADA [31–34]. The social
values of fairness and justice are at the heart of all these legal issues; and as
these social values are also evolving, they will eventually find expression in
laws. These laws, in turn, will then influence and mandate design consider-
ations and decisions.

Design is a fundamental human activity [35–40]. For as stated in Chapter
2, “design is a thought process comprising the creation of an entity” [35]. As
such, all of us are designers.

 

7493_C017.fm  Page 241  Monday, May 14, 2007  2:55 PM

© 2008 by Taylor & Francis Group, LLC



 

242 Universal and Accessible Design for Products, Services, and Processes

 

I want to restate that accessible and universal design principles and strat-
egies derive from a simple fundamental premise: design entities to work with,
support, and enhance human functioning. Design to human strengths and not
human weaknesses. As the definition and applications evolve it is important
to remember this fundamental premise. With respect to how we as designers
understand our roles in the design process depicted in Figure 17.1, I want to
end with a quote from Rabindranath Tagore’s book 

 

Fireflies

 

 [41]:

I miss the meaning of my own part
in the play of life
because I know not of the parts
that others play.
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