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CHAPTER [ Aj

Managing Design Processes

Just as we can assert that no product has ever been created in a single moment
of inspiration . . . nobody has ever produced a set of requirements for any
product in a similarly miraculous manner. These requirements may well
begin with an inspirational moment but, almost certainly, the emergent
bright idea will be developed by iterative processes of evaluation until it

is thought to be worth starting to put pencil to paper. Especially when

the product is entirely new, the development of a set of requirements

may well depend upon testing initial ideas in some depth.

W. H. Mayall
Principles in Design, 1979

The Plan is the generator. Without a plan, you have lack of order
and willfulness. The Plan holds in itself the essence of sensation.

Le Corbusier
Towards a New Architecture, 1931

Written in collaboration with Steven M. Jacobs
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3.1 Introduction

In the first decades of computer-software development, technically oriented
programmers designed text editors, programming languages, and applica-
tions for themselves and their peers. The substantial experience and motiva-
tion of these users meant that complex interfaces were accepted and even
appreciated. Now, the user population for mobile devices, instant messaging,
e-business, and digital libraries is so vastly different from the original that pro-
grammers’ intuitions may be inappropriate. Current users are not dedicated to
the technology; their background is more tied to their work needs and the
work tasks they perform, while their use of computers for entertainment has
increased. Designers who carefully observe current users, refine their proto-
types by thoughtful analysis of task frequencies and sequences, and validate
through early usability and thorough acceptance tests are likely to produce
high-quality interfaces.

In the best organizations, the technocentric style of the past is yielding to a
genuine desire to accommodate the users’ skills, goals, and preferences. Design-
ers seek direct interaction with users during requirements and feature defini-
tion, the design phase, the development process, and throughout the system
lifecycle. Iterative design methods that allow early testing of low-fidelity proto-
types, revisions based on feedback from users, and incremental refinements
suggested by usability-test administrators are catalysts for high-quality systems.



3.2 Organizational Design to Support Usability

Around the world, usability engineering has evolved into a recognized discipline
with maturing practices and a growing set of standards. The Usability Profession-
als Association (UPA) has become a respected community with active
participation from large corporations and numerous small design, test, and build
firms. The UPA’s annual “World Usability Day” sponsors hundreds of lectures
plus visits to policy makers and industrial research decision makers. There is a
movement to certify usability professionals based on a body of knowledge pub-
lished by the UPA (Usability Professionals Assn., 2008). Also, usability test reports
are becoming standardized (for example, via the Common Industry Format), so
that buyers of software can compare products across suppliers.

The variety of design situations precludes a comprehensive strategy. Man-
agers will have to adapt the strategies offered in this chapter (Section 3.2) to suit
their organizations, projects, schedules, and budgets. These strategies begin with
the organizational design that gives appropriate emphasis to support usability.

As a goal, we should push tools and development capabilities closer towards
end users, particularly in the web domain. For examples, check out the tools for
building Amazon.com “wish lists,” the Google Mashup Editor, or Many Eyes
shared visualizations. A willingness to be flexible and open in the development
process and to offer some of these tailoring capabilities to the end user can
increase the chances for successful user-interface development.

There are four pillars of successful user-interface development: user-interface
requirements, guidelines documents and processes, user-interface software
tools, and expert reviews and usability testing. These elements are introduced in
Section 3.3. Then, in Section 3.4, development methodologies for successful
user-interface development are discussed, and contextual inquiry and rapid
contextual design are addressed as a framework for user-centered design
(Holtzblatt et al., 2005).

Ethnographic observation (Section 3.5) is a proven enabler to the successful
development process. Participatory design (Section 3.6) and scenario development
(Section 3.7) are also critical to success. Social impact statements should be pro-
duced early in the design review (Section 3.8), and legal concerns should be
addressed during the design process (Section 3.9).

3.2 Organizational Design to Support Usability

Corporate marketing and customer-assistance departments are becoming more
aware of the importance of usability and are a source of constructive encourage-
ment. When competitive products provide similar functionality, usability
engineering is vital for product acceptance. Many organizations have created
usability laboratories to provide expert reviews and to conduct usability tests of
products during development. Outside experts can provide fresh insights, while
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usability-test subjects perform benchmark tasks in carefully supervised condi-
tions (Rubin and Chisnell, 2008; Dumas and Redish, 1999). These and other
evaluation strategies are covered in Chapter 4.

Companies may not yet have chief usability officers (CUOs) or vice presidents
for usability, but they often have user-interface architects and usability engineering
managers. High-level commitment helps to promote attention at every level. Orga-
nizational awareness can be stimulated by Usability Day presentations, internal
seminars, newsletters, and awards. However, resistance to new techniques and
changing roles for software engineers can cause problems in organizations.

Organizational change is difficult, but creative leaders blend inspiration and
provocation. The high road is to appeal to the desire for quality that most profes-
sionals share. When they are shown data on shortened learning times, faster
performance, or lower error rates on well-designed interfaces, managers are
likely to be more sympathetic to applying usability-engineering methods. Even
more compelling for e-commerce managers is evidence of higher rates of con-
version, enlarged market share, and increased customer retention. For managers
of consumer products, the goals include fewer returns/complaints, increased
brand loyalty, and more referrals. The low road is to point out the frustration,
confusion, and high error rates caused by current complex designs, while citing
the successes of competitors who apply usability-engineering methods.

Return on investment (ROI) for usability engineering in major corporations is
almost always questioned. However, there have been numerous white papers
citing awareness and evidence that usability testing can pay dividends (Nielsen,
2008; Bias and Mayhew, 2005). Most large and many small organizations maintain
a centralized human-factors group or usability laboratory as a source of expertise
in design and testing techniques (Perfetti, 2006). However, each project should
have its own user-interface architect who develops the necessary skills, manages
the work of other people, prepares budgets and schedules, and coordinates with
internal and external human-factors professionals when further expertise, refer-
ences to the literature, or usability tests are required. This dual strategy balances
the needs for centralized expertise and decentralized application. It enables pro-
fessional growth in the user-interface area and in the application domain (for
example, in geographic information or web-based product catalogs).

Some industries, such as in aerospace, are often required to address Human
Systems Integration (HSI) requirements that deal with a combination of human
factors, usability, display design, navigation, and so on, while meeting customer
requirements for the same (National Research Council, 2007; Defense Acquisi-
tion University, 2004).

As the field of user-interface design has matured, projects have grown in com-
plexity, size, and importance. Role specialization is emerging, as it has in fields
such as architecture, aerospace, and book design. User-interface design takes on
new perspectives when writing web, mobile, or desktop applications, with an
emerging discipline in translating the same information across each of these
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media. Eventually, individuals will become highly skilled in specific problem
areas, such as user-interface-building tools, graphic-display strategies, voice and
audio tone design, shortcuts, navigation, and online tutorial writing. Consulta-
tion with graphic artists, book designers, advertising copywriters, instructional-
textbook authors, game designers, or film-animation creators is expected.
Perceptive system developers recognize the need to employ psychologists for
conducting experimental tests, sociologists for evaluating organizational impact,
educational psychologists for refining training procedures, and social workers
for guiding customer-service personnel.

As design moves to implementation, the choice of user-interface-building
tools is vital to success. These rapidly emerging tools enable designers to build
novel systems quickly and support the iterative design/test/refine cycle.

Guidelines documents were originally seen as the answer to usability ques-
tions, but they are now appreciated as a broader social process in which the
initial compilation is only the first step. Management strategies for the “four Es”
presented here—education, enforcement, exemption, and enhancement—are
just beginning to emerge and to become institutionalized.

The business case for focusing on usability has been made powerfully and
repeatedly (Nielsen 2008; Bias and Mayhew, 2005; Marcus, 2002; Karat, 1994). It
apparently needs frequent repetition, because traditional managers and engineers
are often resistant to changes that would bring increased attention to the users’
needs. Claire-Marie Karat’s business-like reports within IBM (Karat, 1994) became
influential documents when they were published externally. She reported up to
$100 payoffs for each dollar spent on usability, with identifiable benefits in reduced
program-development costs, reduced program-maintenance costs, increased
revenue due to higher customer satisfaction, and improved user efficiency and
productivity. Other economic analyses showed fundamental changes in organiza-
tional productivity (with improvements of as much as 720%) when designers kept
usability in mind from the beginning of development projects (Landauer, 1995).
Even minimal application of usability testing followed by correction of 20 of the
easiest-to-repair faults improved user success rates from 19% to as much as 80%.

It is important to note that there are interface-development activities where the
RO for usability analysis during the development cycle is not immediately appar-
ent, but true usability of the delivered system is crucial for success. One familiar
example is voting machines. An end result of confused, misinterpreted voting
results would be catastrophic and counter to the best interests of the voting popu-
lation, but the usability analysis and associated development costs should be man-
agable by the government contractor building the electronic voting booth system.

Usability engineers and user-interface architects, sometimes called the user expe-
rience (UX) team, are gaining experience in managing organizational change.
As attention shifts away from software engineering or management-information
systems, battles for control and power manifest themselves in budget and per-
sonnel allocations. Well-prepared managers who have a concrete organizational
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plan, defensible cost/benefit analyses, and practical development methodologies
are most likely to be winners.

Design is inherently creative and unpredictable. Interactive system designers
must blend a thorough knowledge of technical feasibility with a mystical esthetic
sense of what attracts users. One method to characterize design (Rosson and
Carroll, 2002) is:

* Design is a process; it is not a state and it cannot be adequately represented
statically.

e The design process is nonhierarchical; it is neither strictly bottom-up nor
strictly top-down.

® The process is radically transformational; it involves the development of partial
and interim solutions that may ultimately play no role in the final design.

¢ Design intrinsically involves the discovery of new goals.

These characterizations of design convey the dynamic nature of the process.
But in every creative domain, there can also be discipline, refined techniques,
wrong and right methods, and measures of success. Once the early data collec-
tion is done and preliminary requirements are established, more detailed design
and early development can begin. This chapter covers strategies for managing
early stages of projects and presents design methodologies. Chapter 4 focuses
on evaluation methods.

3.3 The Four Pillars of Design

If standardization can be humanized and made flexible in design
and the economics brought to the home owner, the greatest
service will be rendered to our modern way of life. It may be

really born—this democracy, | mean. 99

Frank Lloyd Wright
The Natural House, 1954

The four pillars described in this section can help user-interface architects to
turn good ideas into successful systems (Fig. 3.1). They are not guaranteed to
work flawlessly, but experience has shown that each pillar can produce an
order-of-magnitude speed-up in the process and can facilitate the creation of
excellent systems.
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FIGURE 3.1
The four pillars of successful user-interface development.

3.3.1 User interface requirements

Soliciting and clearly specifying user requirements is a major key to success in
any development activity (Selby, 2007). Methods to elicit and reach agreement
upon user-interface requirements differ across organizations and industries, but
the end result is the same: a clear specification of the user community and the
tasks the users perform. Laying out the user-interface requirements is part of the
overall requirements development and management process; the system
requirements (hardware, software, system performance, reliability, etc.) must be
clearly stated, and any requirements dealing with the user interface (input/
output devices, functionality, interfaces, range of users, etc.) must be specified
and agreed upon.

The success or failure of software projects often depends on the precision and
completeness of the understanding among all the users and implementers.
What happens without adequate requirements definition? You are not sure what
problem you are solving, and you do not know when you are done.

Be careful not to impose human operator actions (requirements) onto the
user-interface requirements (Box 3.1). For example, do not specify a requirement
like this: “The user shall decide how much to withdraw from the ATM within
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BOX 3.1
Examples of user-interface requirements regarding system behavior.

e Performance requirements:
“The web site shall give users the ability to update their user profiles, e.g.,
name, mail address, e-mail address, phone!”

“The system shall permit the ATM customer 15 seconds to make a
selection. The customer shall be warned that the session will be ended
if no selection is made.”

“The mobile device shall be able to save draft text messages when out of
the service area.”

e Functional requirements:
“The system shall ensure that the PIN entered matches the one on file”
“The web site shall provide other, related purchase options based on past
visits to the web site”

“The credit card transaction must be approved prior to displaying a
confirmation number.”

e Interface requirements:
“The web site shall permit ordering stamps online””
“Kiosk screen styles shall conform to existing print media guidelines.”
“The mobile device shall permit downloading of ring tones.”

five seconds.” Rather, allocate that same requirement to the computer system:
“The ATM shall permit a user five seconds to select a withdrawal amount . . .
before prompting for a response.”

One successful method for determining user-interface requirements is to use
ethnographic observation (discussed in Section 3.5), monitoring the context and
environment of real users in action. Tradeoffs between what functions are done
best by computers versus humans in human-computer interaction (Section
2.3.6) should also be discussed at this point in the development process.

3.3.2 Guidelines documents and processes

Early in the design process, the user-interface architect should generate, or
require other people to generate, a set of working guidelines. Two people might
work for one week to produce a 10-page document, or a dozen people might
work for two years to produce a 300-page document. One component of Apple’s
success with the Macintosh was the machine’s early and readable guidelines
document, which provided a clear set of principles for the many application
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developers to follow and thus ensured harmony in design across products.
Microsoft’s Windows Vista User Experience Guidelines, which have been refined
over the years, also provide a good starting point and an educational experience
for many programmers. These and other guidelines documents are referenced
and described briefly in the general reference section at the end of Chapter 1.

Each project has different needs, but guidelines should be considered for:
* Words, icons, and graphics

¢ Terminology (objects and actions), abbreviations, and capitalization

e Character set, fonts, font sizes, and styles (bold, italic, underline)

¢ Icons, buttons, graphics, and line thickness

* Use of color, backgrounds, highlighting, and blinking
* Screen-layout issues

* Menu selection, form fill-in, and dialog-box formats

e Wording of prompts, feedback, and error messages

¢ Justification, whitespace, and margins

e Data entry and display formats for items and lists

¢ Use and contents of headers and footers

e Strategies for adapting to small and large displays
¢ Input and output devices

* Keyboard, display, cursor control, and pointing devices

e Audible sounds, voice feedback, speech I/O, touch input, and other
special input modes or devices

¢ Response times for a variety of tasks
¢ Alternatives for users with disabilities
¢ Action sequences
* Direct-manipulation clicking, dragging, dropping, and gestures
¢ Command syntax, semantics, and sequences
¢ Shortcuts and programmed function keys

* Touchscreen navigation for devices such as the Apple iPhone and tabletop
systems such as Microsoft Surface™

e Error handling and recovery procedures

¢ Training
® Online help, tutorials, and support groups
¢ Training and reference materials

Guidelines creation (Box 3.2) should be a social process within an organization
to help it gain visibility and build support. Controversial guidelines (for example,
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BOX 3.2
Recommendations for guidelines documents.

e Provides a social process for developers
e Records decisions for all parties to see
e Promotes consistency and completeness
e Facilitates automation of design
e Allows multiple levels:
Rigid standards
Accepted practices
Flexible guidelines
e Announces policies for:
Education: How to get it?
Enforcement: Who reviews?
Exemption: Who decides?
Enhancement: How often?

on when to use voice alerts) should be reviewed by colleagues or tested empiri-
cally. Procedures should be established to distribute the guidelines, to ensure
enforcement, to allow exemptions, and to permit enhancements. Guidelines docu-
ments must be living texts that are adapted to changing needs and refined
through experience. Acceptance may be increased by a three-level approach of
rigid standards, accepted practices, and flexible guidelines. This approach clarifies
which items are firmer and which items are susceptible to change.

The creation of a guidelines document at the beginning of an implementation
project focuses attention on the interface design and provides an opportunity for
discussion of controversial issues. When the development team adopts the
guidelines, the implementation proceeds quickly and with few design changes.
For large organizations there may be two or more levels of guidelines, to pro-
vide organizational identity while allowing projects to have distinctive styles
and local control of terminology. Some organizations develop “style guides” to
capture this (see, for example, Microsoft, 2008).

The “four Es” provide a basis for creating a living document and a lively
process:

¢ Education. Users need training and a chance to discuss the guidelines. Devel-
opers must be trained in the resultant guidelines.

o Enforcement. A timely and clear process is necessary to verify that an interface
adheres to the guidelines.



3.3 The Four Pillars of Design

o Exemption. When creative ideas or new technologies are used, a rapid process
for gaining exemption is needed.

e Enhancement. A predictable process for review, possibly annually, will help
keep the guidelines up-to-date.

3.3.3 User-interface software tools

One difficulty in designing interactive systems is that customers and users may
not have a clear idea of what the system will look like when it is done. Since
interactive systems are novel in many situations, users may not realize
the implications of design decisions. Unfortunately, it is difficult, costly, and
time-consuming to make major changes to systems once those systems have
been implemented.

Although this problem has no complete solution, some of the more serious
difficulties can be avoided if, at an early stage, the customers and users can be
given a realistic impression of what the final system will look like (Gould and
Lewis, 1985). A printed version of the proposed displays is helpful for pilot tests,
but an onscreen display with an active keyboard and mouse is more realistic.
The prototype of a menu system may have only one or two paths active, instead
of the thousands of paths envisioned for the final system. For a form-fill-in
system, the prototype may simply show the fields but not actually process them.
Prototypes have been developed with simple drawing or word-processing tools
or even PowerPoint® presentations of screen drawings manipulated with
PowerPoint slide shows and other animation. Flash® and Ajax can also be used.
Flash is a multimedia authoring and delivery platform for embedded web con-
tent. Building an interface in Flash is comparable to using other tools. Ajax is a
combination of technologies for interactive web pages, much closer to a devel-
opment environment. Other design tools that can be used are Adobe® Page-
Maker® or Illustrator®.

Development environments such as Microsoft’s Visual Basic/C++ are easy to
get started with yet have an excellent set of features. Visual Studio®, as well as
C# and the .NET Framework, certainly can be evaluated for your user-interface
development project. Make sure to evaluate tool capabilities, ease of use, ease to
learn, cost, and performance. Tailor your tool choices for the size of the job.
Building a software architecture that supports your user-interface development
project is just as important as it is for any other (particularly large-scale) soft-
ware development activity.

Sophisticated tools such as Sun’s Java™ provide cross-platform develop-
ment capabilities and a variety of services. People who want to write their own
Java programs can use the Java Development Kit™ (JDK). The Java Look and
Feel Design Guidelines (Sun Microsystems, 2001) is a terrific reference on the
user-interface style for Java developers writing with Java Foundation Classes
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(JFC). As an example of how rapidly this field is changing, at the time of this
writing, Java released the LightWeight User Interface Toolkit (LWUIT),
billed as “a versatile and compact API for creating attractive application
mobile user interfaces.”

Although they are not the focus of this book, there are many web sites offering
insight into current user-interface software tools; one of the authors’ favorites is
the Web Developers Journal.

3.3.4 Expert reviews and usability testing

Theatrical producers know that extensive rehearsals and previews for critics are
necessary to ensure a successful opening night. Early rehearsals may involve only
the key performers wearing street clothes, but as opening night approaches, dress
rehearsals with the full cast, props, and lighting are required. Aircraft designers
carry out wind-tunnel tests, build plywood mock-ups of the cabin layout,
construct complete simulations of the cockpit, and thoroughly flight-test the first
prototype. Similarly, web-site designers now recognize that they must carry out
many small and some large pilot tests of components before release to customers
(Dumas and Redish, 1999). In addition to a variety of expert review methods, tests
with the intended users, surveys, and automated analysis tools are proving to
be valuable. Procedures vary greatly depending on the goals of the usability
study, the number of expected users, the danger of errors, and the level of invest-
ment. Chapter 4 covers expert reviews, usability testing, and other evaluation
methods in depth.

3.4 Development Methodologies

Many software development projects fail to achieve their goals. Some estimates
of the failure rate put it as high as 50% (Jones, 2005). Much of this problem can be
traced to poor communication between developers and their business clients or
between developers and their users.

Successful developers work carefully to understand the business’s needs it
and refine their skills in eliciting accurate requirements from nontechnical
business managers. In addition, since business managers may lack the techni-
cal knowledge to understand proposals made by the developers, dialog
is necessary to reduce confusion about the organizational implications of
design decisions.

Successful developers also know that careful attention to user-centered
design issues during the early stages of software development dramatically
reduces both development time and cost. User-centered design leads to systems
that generate fewer problems during development and have lower maintenance
costs over their lifetimes. They are easier to learn, result in faster performance,
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reduce user errors substantially, and encourage users to explore features that go
beyond the minimum required to get by. In addition, user-centered design prac-
tices help organizations align system functionality with their business needs
and priorities.

Software developers have learned that consistently following established
development methodologies can help them meet budgets and schedules
(Sommerville, 2006; Pfleeger, 2005). But while software-engineering method-
ologies are effective in facilitating the software development process, they
have not always provided clear processes for studying the users, understand-
ing their needs, and creating usable interfaces. Small consulting firms that spe-
cialize in user-centered design have created innovative design methodologies
to guide developers, such as rapid contextual design (Holtzblatt et al., 2005),
which is based on the approach of contextual inquiry (Beyer and Holtzblatt,
1998). Some large corporations have also integrated user-centered design into
their practices; for example, IBM’s Ease of Use method fits with its existing
corporate methods (Fig. 3.2). Agile technologies and methodologies provide
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FIGURE 3.2

IBM’s Ease of Use development methodology, which specifies activities by roles
and phases.
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the room to be responsive to user-interface development and usability needs
(Boehm and Turner, 2004).

These business-oriented approaches specify detailed deliverables for the
various stages of design and incorporate cost/benefit and return-on-investment
analyses to facilitate decision making. They may also offer management strate-
gies to keep projects on track and to facilitate effective collaboration among
teams that include both business and technical participants. Since user-centered
design is only a part of the overall development process, these methodologies
must also mesh with the various software-engineering methodologies that are
used in industry today.

There are dozens of advertised development methods (such as GUIDE,
STUDIO, and OVID), but the focus here is on Holtzblatt et al.’s rapid contex-
tual design, summarized below. There are tools for contextual design
and managing the data (Holtzblatt and Beyer, 2008), and there are other
recent, excellent sources for usability engineering processes and interaction
design (Heim, 2008; Sears and Jacko, 2008; Leventhal and Barnes, 2007; Sharp
et al.,, 2007). The rapid contextual design method (Table 3.1) involves the
following steps:

1. Contextual inquiry. Plan for, prepare, and then conduct field interviews to
observe and understand the work tasks being performed. Review business
practices.

2. Interpretation sessions and work modeling. Hold team discussions to
draw conclusions based on the contextual inquiry, including gaining an
understanding of the workflow processes in the organization as well as
cultural and policy impacts on work performed. Capture key points
(affinity notes).

Contextual inquiry

Interpretation sessions and work modeling

Model consolidation and affinity diagram building

Personas
Visioning
Storyboarding

User environment design

Paper prototypes and mock-up interviews

TABLE 3.1

Rapid contextual design from Rapid Contextual Design: A How-To Guide to Key
Techniques for User-Centered Design, Morgan Kaufmann, San Francisco, CA (2005).
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3. Model consolidation and affinity diagram building. Present the data gathered
to date from users and the interpretation and work modeling to a larger,
targeted population to gain insight and concurrence. Consolidate the
work models to illustrate common work patterns and processes and create
affinity diagrams (hierarchical representations of the issues to address
user needs).

4. Persona development. Develop personas (fictitious characters) to represent
the different user types within a targeted demographic that might use a site
or product (Cooper, 2004). This aids the team in communicating the needs
of the users and bringing those user needs to fruition. Examples of per-
sonas, at a high level, are: 1) 22-year-old male with 5+ years of video game
playing experience, or 2) 70-year-old female using computer only for e-mail
and digital photo sharing.

5. Visioning. Review and “walk” the consolidated data, sharing the personas
created. The visioning session helps define how the system will streamline
and transform the work of the users. Capture key issues and ideas using
flipcharts or any media that will facilitate expressing the vision of the
revised business processes.

6. Storyboarding. The vision guides the detailed redesign of user tasks using
pictures and graphs to describe the initial user-interface concepts, business
rules, and automation assumptions. Storyboarding defines and illustrates
the “to be built” assumptions.

7. User environment design. The single, coherent representation of the users
and the work to be performed is expressed in the user environment design
(UED). The UED is built from the storyboards.

8. Interviews and evaluations with paper prototypes and mock-ups. Conduct inter-
views and tests with actual users, beginning with paper prototypes and then
moving on to higher-fidelity prototypes. Capturing the results of the inter-
views aids in ensuring that the systems will meet end-user requirements.

3.5 Ethnographic Observation

The early stages of most methodologies include observation of users. Since inter-
face users form a unique culture, ethnographic methods for observing them in
the workplace are becoming increasingly important (Fig. 3.3). Ethnographers join
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FIGURE 3.3

Preteen researchers with the University of Baltimore’s KidsTeam observe
children’s reading habits in the home (left). Researchers in Paris brainstorm
ideas for new family technologies with families from France, Sweden, and the
United States (right).

work or home environments to listen and observe carefully, sometimes stepping
forward to ask questions and participate in activities (Fetterman, 1998; Harper,
2000; Millen, 2000). As ethnographers, user-interface designers gain insight into
individual behavior and the organizational context. However, they differ from
traditional ethnographers in that, in addition to seeking understanding of their
subjects, user-interface designers focus on interfaces for the purpose of changing
and improving those interfaces. Also, whereas traditional ethnographers
immerse themselves in cultures for weeks or months, user-interface designers
usually need to limit this process to a period of days or even hours to obtain the
relevant data needed to influence a redesign (Hughes et al., 1997). Ethnographic
methods have been applied to office work (Suchman, 1987), air-traffic control
(Bentley et al., 1992), and other domains (Marcus, 2005).
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The goal of this observation is to obtain the necessary data to influence inter-
face redesign. Unfortunately, it is easy to misinterpret observations, to disrupt
normal practice, and to overlook important information. Following a validated
ethnographic process reduces the likelihood of these problems. Examples of
ethnographic observation research include: 1) how cultural probes have been
adopted and adapted by the HCI community (Boehner et al., 2007), 2) devel-
opment of an interactive location-based service for supporting distributed
mobile collaboration for home healthcare (Christensen et al.,, 2007), and 3)
social dynamics influencing technological solutions in developing regions
(Ramachandran et al., 2007). Guidelines for preparing for the evaluation, per-
forming the field study, analyzing the data, and reporting the findings might
include the following:

¢ Preparation
* Understand policies in work environments and family values in homes.
e Familiarize yourself with the existing interface and its history.
* Set initial goals and prepare questions.

* Gain access and permission to observe or interview.

e Field study

¢ Establish a rapport with all users.

* Observe or interview users in their setting, and collect subjective and
objective quantitative and qualitative data.

¢ Follow any leads that emerge from the visits.

® Record your visits.

® Analysis
¢ Compile the collected data in numerical, textual, and multimedia databases.
* Quantify data and compile statistics.
* Reduce and interpret the data.

* Refine the goals and the process used.

* Reporting
¢ Consider multiple audiences and goals.

* Prepare a report and present the findings.

These notions seem obvious when stated, but they require interpretation and
attention in each situation. For example, understanding the differing perceptions
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that managers and users have about the efficacy of the current interface will
alert you to the varying frustrations of each group. Managers may complain
about the unwillingness of staff to update information promptly, but staff
may be resistant to using the interface because the log-in process takes six to
eight minutes. Respecting the rules of the workplace is important for building
rapport: In preparing for one observation, we appreciated that the manager
called to warn us that graduate students should not wear jeans because the
users were prohibited from doing so. Learning the technical language of the
users is also vital for establishing rapport. It is useful to prepare a long list of
questions that you can then filter down by focusing on the proposed goals.
Awareness of the differences between user communities, such as those men-
tioned in Section 1.4, will help to make the observation and interview process
more effective.

Data collection can include a wide range of subjective impressions that are
qualitative or of subjective reactions that are quantitative, such as rating scales
or rankings. Objective data can consist of qualitative anecdotes or critical inci-
dents that capture user experiences, or can be quantitative reports about, for
example, the number of errors that occur during a one-hour observation of six
users. Deciding in advance what to capture is highly beneficial, but remaining
alert to unexpected happenings is also valuable. Written report summaries
have proved to be valuable, far beyond expectations; in most cases, raw tran-
scripts of every conversation are too voluminous to be useful.

Making the process explicit and planning carefully may seem awkward
to many people whose training stems from computing and information tech-
nology. However, a thoughtfully applied ethnographic process has proved
to have many benefits. It can increase trustworthiness and credibility, since
designers learn about the complexities of the intended environment by visits
to the workplace, school, home, or other environment where the eventual
system will be deployed. Personal presence allows designers to develop work-
ing relationships with several end users to discuss ideas, and, most im-
portantly, the users may consent to be active participants in the design of their
new interface.

3.6 Participatory Design

Many authors have urged participatory design strategies, but the concept is
controversial. Participatory design is the direct involvement of people in the
collaborative design of the things and technologies they use. The arguments in
favor suggest that more user involvement brings more accurate information
about tasks and an opportunity for users to influence design decisions.
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However, the sense of participation that builds users’ ego investment in
successful implementation may be the biggest influence on increased user
acceptance of the final system (Kujala, 2003; Muller, 2002; Damodaran, 1996).

On the other hand, extensive user involvement may be costly and may
lengthen the implementation period. It may also generate antagonism from
people who are not involved or whose suggestions are rejected, and poten-
tially force designers to compromise their designs to satisfy incompetent par-
ticipants (Ives and Olson, 1984).

Participatory design experiences are usually positive, however, and advo-
cates can point to many important contributions that would have been missed
without user participation. People who are resistant might appreciate the
somewhat formalized multiple-case-studies plastic interface for collaborative
technology initiatives through video exploration (PICTIVE) approach (Rosson and
Carroll, 2006; Muller, 1992). Users sketch interfaces, then use slips of paper,
pieces of plastic, and tape to create low-fidelity early prototypes. A scenario
walkthrough is then recorded on videotape for presentation to managers,
users, or other designers. With the right leadership, the PICTIVE approach can
effectively elicit new ideas and be fun for all involved (Muller et al., 1993).
Many variations of participatory design have been proposed that engage par-
ticipants to create dramatic performances, photography exhibits, games, or
merely sketches and written scenarios. High-fidelity prototypes and simula-
tions can also be key in eliciting user requirements.

Careful selection of users helps to build a successful participatory design
experience. A competitive selection increases participants’ sense of importance
and emphasizes the seriousness of the project. Participants may be asked to
commit to repeated meetings and should be told what to expect about their
roles and their influence. They may have to learn about the technology and
business plans of the organization and be asked to act as a communication
channel to the larger group of users that they represent.

The social and political environment surrounding the implementation of com-
plex interfaces is not amenable to study by rigidly defined methods or controlled
experimentation. Social and industrial psychologists are interested in these
issues, but dependable research and implementation strategies may never
emerge. The sensitive project leader must judge each case on its merits and must
decide what is the right level of user involvement. The personalities of the partic-
ipatory design team members are such critical determinants that experts in group
dynamics and social psychology may be useful as consultants. Many questions
remain to be studied, such as whether homogeneous or diverse groups are more
successful, how to tailor processes for small and large groups, and how to bal-
ance decision-making control between typical users and professional designers.

Socio-technical system (STS) developers, who work on complex systems for
applications such as transportation security, voting, online auctions, e-learning,

138



136

Chapter 3 Managing Design Processes

and healthcare delivery, are increasingly aware of the value of participatory
design. They seek user input from stakeholders at every stage to understand
sensitive issues such as privacy protection, damage from errors, costs of delays,
and legal constraints, as well as ethical issues, such as bias that favors one user
group or exclusion that raises barriers for another user group (Whitworth and
De Moore, 2009).

The experienced user-interface architect knows that organizational politics
and the preferences of individuals may be more important than technical issues
in governing the success of an interactive system. For example, warehouse man-
agers who see their positions threatened by an interactive system that provides
senior managers with up-to-date information through desktop displays may try
to ensure that the system fails by delaying data entry or by being less than
diligent in guaranteeing data accuracy. The interface designer should take into
account the system’s effect on users and should solicit their participation to
ensure that all concerns are made explicit early enough to avoid counterproduc-
tive efforts and resistance to change. Novelty is threatening to many people, so
clear statements about what to expect can be helpful in reducing anxiety.

Ideas about participatory design are being refined with diverse users, rang-
ing from children to older adults. Arranging for participation is difficult for
some users, such as those with cognitive disabilities or those whose time is
precious (for example, surgeons). The levels of participation are becoming
clearer; one taxonomy describes the roles of children in developing interfaces
for children, older adults in developing interfaces whose typical users will be
other older adults, and so on, with roles varying from testers to informants to
partners (Druin, 2002; Fig. 3.4). Testers are merely observed as they try out
novel designs, while informants comment to designers through interviews
and focus groups. Design partners are active members of a design team, which
in the case of children’s software will naturally involve participants of many
ages—the intergenerational team.

Further research in this area is published at Participatory Design Conferences
(PDCs), held biennially since 1990. The PDC conferences are sponsored
by Computer Professionals for Social Responsibility (CPSR). For ethnographic
observation and participatory design, developers and project managers
who regularly strive to get buy-ins from diverse participants are more likely
to succeed.

3.7 Scenario Development

When a current interface is being redesigned or a well-polished manual system is
being automated, reliable data about the distribution of task frequencies and
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Tester

Informant

Design Partner

FIGURE 3.4

Druin’s model of the four levels of user participation. The blue areas (informant and
design partner) represent stages of participatory design.

sequences is an enormous asset. If current data do not exist, usage logs can
quickly provide insight.

A table with user communities listed across the top and tasks listed down
the side is helpful. Each box can then be filled in with the relative frequency
with which each user performs each task. Another representation tool is a
table of task sequences, indicating which tasks follow other tasks. Often, a
flowchart or transition diagram helps designers to record and convey the
sequences of possible actions; the thickness of the connecting lines indicates
the frequency of the transitions.

In less well-defined projects, many designers have found day-in-the-life
scenarios helpful to characterize what happens when users perform typical
tasks. During the early design stages, data about current performance should
be collected to provide a baseline. Information about similar systems helps,
and interviews can be conducted with stakeholders, such as users and man-
agers (Rosson and Carroll, 2002; Bodker, 2000; Carroll, 2000).

An early and easy way to describe a novel system is to write scenarios of
usage and then, if possible, to act them out as a form of theater. This tech-
nique can be especially effective when multiple users must cooperate (for
example, in control rooms, cockpits, or financial trading rooms) or multiple
physical devices are used (for example, at customer-service desks, medical
laboratories, or hotel check-in areas). Scenarios can represent common or
emergency situations with both novice and expert users. Personas can also be
included in scenario generation.

13%
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In developing the National Digital Library, the design team began by writ-
ing 81 scenarios that portrayed typical needs of potential users. Here is an
example:

K-16 Users: A seventh-grade social-studies teacher is teaching a unit on the
Industrial Revolution. The teacher wants to make use of primary source
material that would illustrate the factors that facilitated industrialization,
the manner in which it occurred, and the impact that it had on society and
on the built environment. Given the teaching load, the teacher only has
about four hours total to locate and package the supplementary material
for classroom use.

Other scenarios might describe how users explore a system, such as this opti-
mistic vision, written for the U.S. Holocaust Museum and Education Center:

A grandmother and her 10- and 12-year old grandsons have visited the
museum before. They have returned this time to the Learning Center to
explore what life was like in her shtetl in Poland in the 1930s. One grand-
son eagerly touches the buttons on the welcome screen, and they watch
the 45-second video introduction by the museum director. They then select
the button on “History before the Holocaust” and choose to view a list of
towns. Her small town is not on the list, but she identifies the larger
nearby city, and they get a brief textual description, a map of the region,
and a photograph of the marketplace. They read about the history of the
town and view 15-second videos of the marketplace activity and a Yiddish
theater production. They bypass descriptions of key buildings and institu-
tions, choosing instead to read biographies of a famous community leader
and a poet. Finally, they select “GuestBook” and add their names to the list
of people who have indicated an affiliation with this town. Further up on
the list, the grandmother notices the name of a childhood friend from
whom she has not heard in 60 years—fortunately, the earlier visitor has
left an address.

This scenario was written to give nontechnical museum planners and the
Board of Directors an idea of what could be built if funding were provided.
Such scenarios are easy for most people to grasp, and they convey design
issues such as physical installation (room and seats for three or more patrons
with sound isolation) and development requirements (video production for
the director’s introduction and conversion of archival films to video).

An elaborate scenario development process was also conducted to help U.S.
statistical agencies formulate a vision for a Statistical Knowledge Network.
Patterns of citizen requests were combined with agency proposals to develop
15 brief scenarios, using the first-person format, such as these two that were
the basis of empirical tests of proposed interfaces:

I'm a social activist in the Raleigh-Durham, North Carolina area and have
become increasingly concerned about urban sprawl and the loss of rural
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areas for both farming and recreation. I need statistics to support my claim
that significant differences occur when urban development occurs in rural
and/or farming areas.

I'would like to open a grocery store specializing in organic products in the
greater Seattle metropolitan area. What are the trends in production and con-
sumption of organic food products? Would the Seattle area be a good place to
locate?

Some scenario writers take a further step and produce videotapes to convey
their intentions. There have been several famous future scenarios, including
Apple’s Knowledge Navigator (1987), which produced numerous controversies. It
portrayed a professor using voice commands to talk with a bow-tied preppie
character on the screen and touch commands to develop ecological simulations.
Many viewers enjoyed the tape, but thought that it stepped over the bounds of
reality by having the preppie agent recognize the professor’s facial expressions,
verbal hesitations, and emotional reactions. Another example is Bruce Tognaz-
zini’s Starfire scenario for Sun Microsystems (1994), which gave his elaborate but
realistic impression of a large-screen work environment that supported rich
collaborations with remote colleagues.

By 2003, cell-phone developers were producing scenarios about how personal,
family, and commercial relationships would change due to mobile video commu-
nications—an appealing example is the Japanese NTT DoCoMo’s Vision 2010:
Beyond the Mobile Frontier, which shows how a family can realize its goal of
remaining in close contact while children go to study far away from home. NTT
DoCoMo has produced several other scenarios worth viewing, including Mobile
Life Story “Concert” version, Vision 2010: Old School Friends, and The Road to Hoku-
sai’s Waterfall. The DoCoMo videos all portray a wonderful, technology-
enhanced future, with easy-to-use interfaces on reliable mobile devices that are
accessible to all ages. The video scenarios enforce our need for secure, private
data communication to enhance our personal security, health, and safety.

Another scenario of note is Microsoft’'s Health Future Vision, a futuristic look at
interconnected mobile communications technology in healthcare. Concepts that
are illustrated include: remote transmittal of personal health status information;
hospital communications and collaboration tools; advanced, accessible user
interfaces using mobile, touchscreen technology; controls for secure patient
health and identification information; environments (walls and furniture) that
serve seamlessly as input/output devices; and more.

3.8 Social Impact Statement for Early Design Review

Interactive systems often have a dramatic impact on large numbers of users. To
minimize risks, a thoughtful statement of anticipated impacts circulated among
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stakeholders can be a useful process for eliciting productive suggestions early in
the development, when changes are easiest.

Governments, utilities, and publicly regulated industries increasingly require
information systems to provide services. However, some critics have strong
negative attitudes towards modern technologies and see only a hopeless techno-
logical determinism: “Technopoly eliminates alternatives to itself. It consists in
the deification of technology, which means that the culture seeks its authoriza-
tion in technology, finds its satisfactions in technology, and takes its orders from
technology” (Postman, 1993).

Postman’s endless fears do not help us to shape more effective technology or
to prevent damage from technology failures. However, constructive criticism
and guidelines for design could be helpful in reversing the long history of incor-
rect credit histories, dislocation through de-skilling or layoffs, and deaths from
flawed medical instruments. Current concerns focus on privacy invasion from
surveillance systems, government attempts to restrict access to information, and
voting fraud because of poor security. While guarantees of perfection are not
possible, policies and processes can be developed that will more often than not
lead to satisfying outcomes.

A social impact statement, similar to an environmental impact statement, might
help to promote high-quality systems in government-related applications
(reviews for private-sector corporate projects would be optional and self-admin-
istered). Early and widespread discussion can uncover concerns and enable
stakeholders to state their positions openly. Of course, there is the danger that
these discussions will elevate fears or force designers to make unreasonable
compromises, but these risks seem reasonable in a well-managed project. An
outline for a social impact statement might include these sections (Shneiderman
and Rose, 1996):

* Describe the new system and its benefits.
¢ Convey the high-level goals of the new system.
* Identify the stakeholders.
¢ Identify specific benefits.
® Address concerns and potential barriers.
¢ Anticipate changes in job functions and potential layoffs.
e Address security and privacy issues.

¢ Discuss accountability and responsibility for system
misuse and failure.

¢ Avoid potential biases.

* Weigh individual rights versus societal benefits.
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e Assess tradeoffs between centralization and
decentralization.

* Preserve democratic principles.

* Ensure diverse access.

* Promote simplicity and preserve what works.
¢ Outline the development process.

* Present an estimated project schedule.

* Propose a process for making decisions.

* Discuss expectations of how stakeholders will
be involved.

* Recognize needs for more staff, training, and hardware.
* Propose a plan for backups of data and equipment.
¢ QOutline a plan for migrating to the new system.

* Describe a plan for measuring the success of the
new system.

A social impact statement should be produced early enough in the develop-
ment process to influence the project schedule, system requirements, and budget.
It can be developed by the system design team, which might include end users,
managers, internal or external software developers, and possibly clients. Even
for large systems, the social impact statement should be of a size and complexity
that make it accessible to users with relevant backgrounds.

After the social impact statement is written, it should be evaluated by the
appropriate review panel as well as by managers, other designers, end users,
and anyone else who will be affected by the proposed system. Potential review
panels include federal government units (for example, the General Accounting
Organization or Office of Personnel Management), state legislatures, regulatory
agencies (for example, the Securities and Exchange Commission or the Federal
Aviation Administration), professional societies, and labor unions. The review
panel will receive the written report, hold public hearings, and request modifi-
cations. Citizen groups also should be given the opportunity to present their
concerns and to suggest alternatives.

Once the social impact statement is adopted, it must be enforced. A social
impact statement documents the intentions for the new system, and the stake-
holders need to see that those intentions are backed up by actions. Typically, the
review panel is the proper authority for enforcement.

The effort, cost, and time involved should be appropriate to the project, while
facilitating a thoughtful review. The process can offer large improvements
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by preventing problems that could be expensive to repair, improving privacy
protection, minimizing legal challenges, and creating more satisfying work
environments. Information-system designers take no Hippocratic Oath, but
pledge themselves to strive for the noble goal of excellence in design can win
respect and inspire others.

3.9 Legal Issues

As user interfaces have become more prominent, serious legal issues have
emerged. Every developer of software and information should review legal
issues that may affect design, implementation, or marketing.

Privacy is always a concern whenever computers are used to store data or
to monitor activity. Medical, legal, financial, and other data often have to be
protected to prevent unapproved access, illegal tampering, inadvertent loss,
or malicious mischief. Recently implemented privacy assurance laws such as
those imposed on the medical and financial communities can lead to comp-
licated, hard-to-understand policies and procedures. Physical security mea-
sures to prohibit access are fundamental; in addition, privacy protection can
involve user-interface mechanisms for controlling password access, identity
checking, and data verification. Effective protection provides a high degree
of privacy with a minimum of confusion and intrusion into work. Web-
site developers should provide easily accessible and understandable privacy
policies.

A second concern encompasses safety and reliability. User interfaces for
aircraft, automobiles, medical equipment, military systems, utility control
rooms, and the like can affect life-or-death decisions. If air-traffic controllers
are confused by the situation display, they can make fatal errors. If the user
interface for such a system is demonstrated to be difficult to understand, it
could leave the designer, developer, and operator open to a lawsuit alleging
improper design. Designers should strive to make high-quality and well-
tested interfaces that adhere to state-of-the-art design guidelines. Accurate
records documenting testing and usage will protect designers in case prob-
lems arise.

A third issue is copyright or patent protection for software (Samuelson,
2007; Lessig, 2006). Software developers who have spent time and money
developing a package are frustrated in their attempts to recover their costs
and to make a profit if potential users make illegal copies of the package,
rather than buying it. Technical schemes have been tried to prevent copying,
but clever hackers can usually circumvent the barriers. It is unusual for a
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company to sue an individual for copying a program, but cases have been
brought against corporations and universities. There is also a vocal commu-
nity of developers, led by the League for Programming Freedom, that
opposes software copyright and patents, believing that broad dissemination
is the best policy. An innovative legal approach, Creative Commons™,
enables authors to specify more liberal terms for others to use their works.
The open-source software movement has enlivened these controversies. The
Open Source Initiative describes the movement as follows: “When program-
mers can read, redistribute, and modify the source code for a piece of soft-
ware, the software evolves. People improve it, people adapt it, people fix
bugs. And this can happen at a speed that, if one is used to the slow pace of
conventional software development, seems astonishing.” Some open-source
products, such as the Linux® operating system and the Apache™ web server,
have become successful enough to capture a substantial fraction of the market
share.

A fourth concern is with copyright protection for online information,
images, or music. If customers access an online resource, do they have the
right to store the information electronically for later use? Can the customer
send an electronic copy to a colleague or friend? Who owns the “friends” list
and other shared data in social networking sites? Do individuals, their
employers, or network operators own the information contained in e-mail
messages? The expansion of the World Wide Web, with its vast digital
libraries, has raised the temperature and pace of copyright discussions.
Publishers seek to protect their intellectual assets, while librarians are torn
between their desire to serve patrons and their obligations to publishers.
If copyrighted works are disseminated freely, what incentives will there be
for publishers and authors? If it is illegal to transmit any copyrighted work
without permission or payment, science, education, and other fields will
suffer. The fair-use doctrine of limited copying for personal and educa-
tional purposes helped cope with the questions raised by photocopying
technologies. However, the perfect rapid copying and broad dissemina-
tion permitted by the Internet demand a thoughtful update (Lessig, 2001;
Samuelson, 2003).

A fifth issue is freedom of speech in electronic environments. Do users
have a right to make controversial or potentially offensive statements
through e-mail or listservers? Are such statements protected by the First
Amendment? Are networks like street corners, where freedom of speech is
guaranteed, or are networks like television broadcasting, where community
standards must be protected? Should network operators be responsible for or
prohibited from eliminating offensive or obscene jokes, stories, or images?
Controversy has raged over whether Internet service providers have a right
to prohibit e-mail messages that are used to organize consumer rebellions
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against themselves. Another controversy emerged over whether a network
operator has a duty to suppress racist e-mail remarks or postings to a bulletin
board. If libelous statements are transmitted, can a person sue the network
operator as well as the source? Should designers build systems where the
default is to “opt out” of lists, and users have to explicity “opt in” by making a
selection from a dialog box?

Other legal concerns include adherence to laws requiring equal access
for disabled users and attention to changing laws in countries around the
world. Do Yahoo! and eBay have to enforce the laws of every country in which
they have customers? These and other issues mean that developers of online
services must be sure to consider all the legal implications of their design deci-
sions.

NetCoalition is a collective public policy organization that monitors many
of the legal issues raised here; its web site is an excellent source for informa-
tion about privacy legislation and related issues. There are also many other
legal issues to be aware of today, including anti-terrorism, counterfeiting,
spam, spyware, liability, Internet taxation, and others. These issues certainly
require your attention, and legislation may eventually be needed.

Practitioner’s Summary

Usability engineering is maturing rapidly, with once-novel ideas becoming
standard practices. Usability has increasingly taken center stage in organiza-
tional and product planning. Development methodologies such as contextual
design help by offering validated processes with predictable schedules and
meaningful deliverables. Ethnographic observation can provide information to
guide task analysis and to complement carefully supervised participatory
design processes. Logs of usage provide valuable data about task frequencies
and sequences. Scenario writing helps to bring common understanding of
design goals, is useful for managerial and customer presentations, and helps to
plan usability tests. For interfaces developed by governments, public utilities,
and regulated industries, an early social impact statement can elicit public dis-
cussion that is likely to identify problems and produce interfaces that have high
overall societal benefits. Designers and managers should obtain legal advice to
ensure adherence to laws and protection of intellectual property.

Researcher’s Agenda

Human-interface guidelines are often based on best-guess judgments rather
than on empirical data. More research could lead to refined standards that are
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more complete and dependable, and to more precise knowledge of how much
improvement can be expected from a design change. Because technology is
continually changing, we will never have a stable and complete set of guide-
lines, but scientific studies will have enormous benefits in terms of reliability
and the quality of decision making about user interfaces. Design processes,
ethnographic methods, participatory design activities, scenario writing, and
social impact statements are evolving. Variations are needed to address inter-
national diversity, special populations such as children or older adults, and
long-term studies of actual usage. Thoughtful case studies of design processes
would lead to their refinement and promote more widespread application.
Creative processes are notoriously difficult to study, but well-documented
examples of success stories will inform and inspire.

WORLD WIDE WEB RESOURCES

http://www-aw-com/DTUI/

Design processes promoted by companies and professional standards orga-
nizations, with information on how to develop style guidelines, are available
online. References to guidelines documents are included in Chapter 1.
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