Systems Analysis and Design in a Changing World, 6e https://jigsaw.vitalsource.com/api/v0/books/9781133713371/print?from...

Designing the User and
System Interfaces

Chapter Outline

User and System Interfaces

Understanding the User Interface

User-Interface Design Concepts

The Transition from Analysis to User-Interface Design
User-Interface Design

Identifying System Interfaces

Designing System Inputs

Designing System Outputs

Learning Objectives

187

Copryright 2011 Cengrge Leatrirg. AR Rights Reserved May 00t be copued. soumed, o daplicancd. b ahobe o n part. Due 10 efectrons: nighes, somse thind pary costeat may be sappeessad Som e eBock andor eChpeens)
il review wy ety Teuming experience, Congrge | i a0y i f subseue: s eTiCtioes rqule .




Systems Analysis and Design in a Changing World, 6e

188 PART 3 M Essentials of Systems Design

Interface Design at Aviation Electronics

Bob Crain was admiring the user interface for the
manufacturing support system that was recently installed
at Aviation Electronics {AE). Bob is the plant manager for
AE's Midwest manufacturing facility, which produces avia-
tion devices used in commercial aircraft. These aviation
devices provide guidance and control functicns for flight
crews, and they provide the latest safety and security fea-
tures that pilots need when flying commercial aircraft.

The manufacturing support system is used for all
facets of the manufacturing process, including product
planning, purchasing, parts inventory, quality control, fin-
ished goods inventory, and distribution. Bob was exten-
sively involved in the development of the system for
several years, including the initial planning and develop-
ment. The system reflected almost everything he knew
about manufacturing. The information systems team that
developed the system relied extensively on Bob's exper-
tise. That was the easy part for Bob.

What particularly pleased Bob was the final user inter-
face. He had insisted that the development team consider
the entire user experience from the very beginning. He
didn't want just another cookie-cutter transaction processing
system. He wanted a system that acted as a partner in the
manufacturing process—much the way that AE’s guidance
and control system interfaces acted as a pilot's partner.

The first manager assigned to the project placed a low
priority on user-interface design. When Bob asked why user-
interface design wasn't a key focus of early iterations, the
manager replied, “We'll add the user interface later, after
we work out the accounting controls.” When Bob insisted
that the project manager de replaced, the information sys-
tems department sent Sara Robinson to lead the project.

https://jigsaw.vitalsource.com/api/v0/books/9781133713371/print?from...

OPENING CASE

Sare had a completely different attitude; she started
out by asking about events that affect the manufacturing
process and about cases in which users needed support
from the system. Although she had a team of analysts
working on the accounting transaction details from the
beginning, she always focused on how the user would
interact with the system. Bob and Sara conducted meet-
ings to involve users in discussions about how they might
use the system, even asking users to act out the roles of
the user and the system in carrying on a conversation.

At other meetings, Sare presented sketches of screens
and asked users to draw on them to indicate the information
they wanted to see and options they wanted to be able to
select. These sessions produced many ideas. For example, it
appeared that many users didn't sit at their desks all day;
they needed larger and more graphic displays they could
see from across the room. Many users needed to refer to
several displays, and they needed to be able to read them
simultaneously. Several functions were best performed by
using graphical simulations of the manufacturing process.
Users made sketches showing how the manufacturing pro-
cess actually worked, and the team used these sketches to
define much of the interface. Sara and her team kept coming
back every month or so with more examples to show, asking
for more suggestions.

When the system was finally completed and instzlled,
most users already knew how to use it because they had
been so involved in its design. Bob knew everything the
system could do, but he had his own uses for it. He sat
at his desk and clicked the Review Ongoing Processes
button on the screen, and the manufacturing support sys-
tem gave him his morning briefing.

Overview

Information systems interact with people and with other systems. Because few
systems operate autonomously or in isolation, designing the interfaces (inputs
and outputs) between a system and its users and environment is an important
system development task. Poorly designed interfaces with people can result in
a system that operates less than optimally or doesn’t fulfill its purpose. For
example, a human resources system that has a poorly designed user interface
may reduce organizational efficiency and be a source of data entry errors. A
customer-facing system with a poorly designed user interface might motivate
customers to take their business elsewhere. As with user-oriented interfaces,
poorly designed interfaces to other automated systems can be a source of errors
or inefficiency. Thus, the design of a system’s interfaces is an important part of
a system development project.

Inputs and outputs of the system are an carly concern of any system
development project. The project plan lists key inputs and outputs that the
analyst identified when defining the scope of the system. During the analysis
phase, analysts will have discussed inputs and outputs ecarly and often with
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require minimal human intervantion

user interfaces  system interfaces that
directly involve a system uses

user-centered design  design
techniques that embody the view that the
user interface is the eatire system
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system stakcholders to identify users and actors that affect the system and
that depend on the information it produces. Requirements models produced
during analysis also emphasize inputs and outputs. For example, use case
descriptions define inputs and outputs that occur during a use case. The
inputs and outputs are further defined as messages and returns in system
sequence diagrams (SSDs).

User and System Interfaces

A key step in systems design is to classify the inputs and outputs for each event
as cither a system interface or a user interface. System interfaces are inputs
and outputs that require minimal human intervention. They might be inputs
captured automatically by such special input devices as scanners, electronic mes-
sages to or from another system, or transactions captured by another system.
Many outputs are considered system interfaces if they primarily send messages
or information to other systems (e.g., a pickup notification to a shipping com-
pany) or if they produce reports, statements, or documents for external agents
or actors without much human intervention (e.g., end-of-month credit card
statements e-mailed to cardholders).

User interfaces are inputs and outputs that more directly involve a system
user. User interfaces can be for internal or external users. Their design varies
widely depending on such factors as interface purpose, user characteristics, and
characteristics of a specific interface device. For example, although all user inter-
faces should be designed for maximal ease of use, other considerations, such as
operational cfficiency, may be important for internal users who can be trained to
use a specific interface optimized for a specific hardware device (e.g., a keyboard,
a mouse, and a large high-resolution display). In contrast, a quite different user
interface might be designed for a customer-facing system that assumes a cell
phone as the input/output device.

In most system development projects, analysts separate the design of system
interfaces from the design of user interfaces because the each requires its own
expertise and technology. But as with the design of any system component, con-
siderable coordination is required.

Understanding the User Interface

Many people think the user interface is developed and added to the system near
the end of the development process, but the user interface is much more impor-
tant than that. It is everything that the end user comes in contact with while
using the system—physically, perceptually, and conceptually (sce Figure 7-1).
From a user perspective, the user interface is the entire system. The pro-
grams, scripts, databases, and hardware bchind the interface are irrelevant.
Design techniques that embody this view of user interfaces are collectively called
user-centered design, which emphasizes three important principles:

B Focus carly on the users and their work.
B Evaluate designs to ensure usability.
B Use iterative development.

The carly focus on users and their work is consistent with the approach to
systems analysis in this text. Uscr-oriented analysis and design tasks are per-
formed as early as possible and are often given higher priority than other tasks.
For example, such user-oriented analysis tasks as stakeholder identification and
interviews occur carly in the project. User interfaces are designed in carly itera-
tions, and user-related design decisions drive other design decisions and tasks.

The ecarly focus on users and their work goes beyond issues of task ordering
and priority. It embodies an all-encompassing attempt to understand users and
answer such questions as: What do they know? How do they leamn? How do
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FIGURE
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they prefer to work? What motivates them? The extent of user-oriented focus
does vary with the type of system being developed. For example, if the system
is a shrink-wrapped desktop application marketed directly to end users, the
focus on users and their preferences is intense.

The second principle of user-centered design is to evaluate designs to ensure
usability degree to which a system is easy  usability. Usability refers to the degree to which a system is easy to learn and
to learn and use use. Ensuring usability isn’t casy; there are many different types of users with

different preferences and skills. Features that are easy for one person to use
might be difficult for another, If the system has a variety of end users, how can
the designer be sure that the interface will work well for all of them? For exam-
ple, if it is too flexible, some end users might feel lost. On the other hand, if the
interface is too rigid, some users will be frustrated.

Ease of learning and ease of use are often in conflict. For example, menu-
based applications with multiple forms, many dialog boxes, and extensive
prompts and instructions are easy to learn; indeed, they are sclf-explanatory.
And casy-to-learn interfaces are appropriate for systems that end users use infre-
quently. But if internal users use the system all day, it is important to make the
interface fast and flexible, with shortcuts, hot keys, voice commands, and
information-intensive screens. This second interface might be harder to learn,
but it will be easier to use after it is learned. Internal users (with the support of
their managers) are willing to invest more time learning the system in order to
become efficient users.

Developers employ many techniques to evaluate interface designs to ensure
usability. User-centered design requires testing all aspects of the user interface.
Some usability testing techniques collect objective data that can be statistically
analyzed to compare designs. Some techniques collect subjective data about
user perceptions and attitudes. To assess user attitudes, developers conduct for-
mal surveys, focus group meetings, design walk-throughs, paper-and-pencil
evaluations, expert evaluations, formal laboratory experiments, and informal
observation.

The third principle of user-centered design is iterative development—that is,
doing some analysis, then some design, then some implementation, and then
repeating the processes. After cach iteration, the project team evaluates the work
on the system to date. Iterative development keeps the focus on the user by
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metaphors  analogies batween features of
the user interface and aspects of physical
reality that users are familiar with

direct manipulation metaphor
metaphee in which cbjects on a display are
maniputated to look like physical objects
|pictures] or graohic symbeks that represent
them [icons}

desktop metaphor metapnor in which
the visual display is organized into distinct
regions, with 2 large empty workspace in the
middle and a coliection of toot iceas around the
perimeter

document metaphor metaghor 1
which data is visually regresented as papar
pages of forms

dialog metaphor matapher in which
user and computer accomplish a task by
engaging in a coaversation or dialog via text,
voice, of tools such as labaled buttens
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continually returning to the user requirements during cach iteration and by evalu-
ating the system after each iteration. As with the principle of early focus on users
and their work, this principle is reflected throughout this textbook in its approach
to system development in general and analysis and design tasks in particular.

Metaphors for Human-Computer Interaction

Widespread use of visually oriented user interfaces debuted in the mass market
with the Apple Macintosh in the 1980s and became widespread with various
versions of Microsoft Windows in the 1990s. To make computers easier to use
and learn, designers of carly visually oriented interfaces adopted metaphors,
which are analogies between features of the user interface and aspects of physi-
cal reality that users are familiar with. Metaphors are still widely applied to
user-interface design, as described in Table 7-1.

Figure 7-2 is a screen capture of a computer running Windows that illus-
trates the direct manipulation, desktop, and d taph The
entire display is visually similar to the surface of a physical desktop. Icons and
pictures for commonly used tools are located on the left and right sides. The
icons can be directly manipulated with a mouse or another pointing device.
The windows in the center frame are documents that are visually similar to
paper pages laid on the surface of a desk, with a sticky note attached to one
of the pages.

The direct manipulation, desktop, and document metaphors emphasize dis-
played objects with which the user interacts. The dialog metaphor emphasizes
the communication that occurs between a user and a computer, conceptualized
as a conversation. In a conversation or dialog between two people, each person
listens and responds to questions and comments from the other person, with the
information being exchanged in a sequence. The dialog metaphor is another way
of thinking about human-computer interaction because the computer “listens to”
and “responds™ to user questions or comments, and the user “listens to” and
“responds” to the computer’s questions and comments. Figure 7-3 illustrates a
conceptual dialog between user and computer.

TABLE Commonly used metaphors for user-interface design

Metaphor

Direct
manipulation

ption
Manipulating objects on a display that look

like physical objects (pictures) or that repre-
sent them ficons)

Example

The user drags a folder icon to an image of a
recycle bin or trash can to delete a collection of
files.

Desktop

Organizing visual display into distinct regions,
with a large empty workspace in the middle
and a collection of tool icons around the
perimeter

At computer startup, @ Windows user sees &
desktop, with icons for a clock, calendar,
notepad, inbox and sticky notes (the computer
interface version of a physical Post-it note).

Document

Visually representing the data in files as paper
pages or forms. These pages can be linked
together by references (hyperlinks)

The user fills in a form field for a product he or
she owns, and the manufacturer's Web site
finds and displays the product’s manual as an
Adobe Acrobat file, which contains a hyper-
linked table of contents and embedded links to
related documents.

Dialog

The user and computer accomplishing & task
by engaging in a conversation or dialog by
using text, voice, or tools, such as labeled
buttons

The user clicks a button labeled “troubleshoot”
because the printer isn’t working. The com-
puter prints guestions on the display, and the
user responds by typing answers or selecting
responses from a printed list.
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FIGURE The direct manipulation, desktop, and document metaphors on a typical computer display
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The dialog metaphor can be implemented in various ways in user interfaces.
A direct approach uses speech generation and recognition over a voice commu-
nication channel, as commonly encountered when calling the customer support
number of a large company. A computerized voice asks a series of questions, lis-
tens for the answer to each question, and responds to the answers. Another
implementation of the dialog metaphor uses questions or instructions displayed
by a user through text and responses as well as counter-questions displayed by
the computer through text. To minimize the need for user typing, responses to
computer questions might be limited to a specific set of possibilities displayed to
the user in the form of a list from which the user sclects the most appropriate
response with a mouse click or by touching a display surface.

Regardless of the specific form of implementation, specifying dialogs between
user and computer is one of the more powerful tools used by user-interface
designers. Although written and spoken languages vary across the globe, conversa-
tion and dialog are fundamental and universal human skills. Modeling the

| am ready to work now.

Okay, which task do you
want to complete?

I'want to check for ' !

messages. b —E

It looks like you have lhesé
three messages...

In part Dre
‘sngege Loarming re
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interaction between user and computer as a dialog enables the user to incorporate
language and related skills that have been honed from an early age.

User-Interface Design Concepts

Many IT researchers and practitioners have published articles, books, and Web
sites that offer guidance in user-interface design. Although some guidelines have
changed as user-interface technology has changed, many guidelines are univer-
sal, having been around for many decades and technology generations. We
review some of these universal guidelines in this section and then move on to
user-interface development, with specific guidelines for specific interface types,
later in this chapter.

Affordance and Visibility

human-computer interaction (HCI) Donald Norman is a leading researcher in h P interaction (HCI),
field of study concared vith tie efficiencyand 3 field of study concerned with the efficiency and effectiveness of user interfaces
effectiveness of usar interfaces Visd4iS Com- g computer systems, human-oriented input and output technology, and psycho-
Ewh:m?“,ms' hmaﬁn-mmwdmamﬁma g logical aspects of user interfaces. Norman proposes two key principles to ensure
logy. and psychological aspects of user N ; 3 N
interfaces goaod interaction between a person and a machine: affordance and visibility. Both
principles apply to user-interface controls, which are elements of a user interface
that a user manipulates to perform tasks. Examples of controls include menus,
buttons, pull-down lists, sliders, and text entry boxes.
affordance when the apoearance of a Affordance means that the appearance of a specific control suggests its
specific control suggests its function function—that is, the purpose for which the control is used. For example, a con-
trol that looks like a steering wheel suggests that it is used for turning.
Affordance can also be achieved by a user-interface control that the user is
familiar with in another context. For example, the media player control icons
shown in Figure 7-4 were first widely used on audiotape and videotape players
in the 1970s and have continued to be used in such devices as DVD and portable
music players. They are widely incorporated into computer interfaces because so
many users are familiar with them.
visibility when a coatrol is visidle so that Visibility means that a control is visible so users know it is available; it also
users naw it is avallasle, the coned providing. means that the control provides immediate feedback to indicate that it is respond-
;‘gﬁ::‘ ’f:;‘}b:c‘ Io-ndicats tel it s ing. For example, the mute button shown in Figure 7-4{a) changes its appearance
s s when the user moves the mouse pointer over it, as shown in Figure 7-4(b). When
the user presses the button, it changes its appearance, as shown in Figure 7-4(c).
Visibility and affordance are relatively easy to achieve when the design tar-
get is a commonly used platform, such as an iPad, a cell phone running the
Android operating system, or a PC running Windows. Such platforms have
well-defined user-interface design guidelines and a library of user-interface fea-
tures and functions that can be reused by application software. When a designer
incorporates user-interface objects and styles from these libraries, he or she is
tapping into users’ experience with similar user interfaces from other applica-
tions on those platforms.
Web user-interface design is less standardized because Web browsers are
intentionally platform-neutral. Designers can choose from a wide variety of user-
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interface libraries, each with its own user-interface objects and styles. Attention to
visibility and affordance is especially important in Web interface design because
there are no real standards that provide a preexisting framework of user familiarity.

Consistency

User interfaces should be designed for consistency in function and appearance.
The way that information is arranged on forms, the names and arrangement of
menu items, the size and shape of icons, and the sequence followed to carry out
tasks should be consistent throughout the system. Why? People are creatures of
habit. After we learn one way of doing things, it is difficult to change. When
we operate a computer application, many of our actions become automatic; we
don’t think about what we are doing.

Figure 7-5 shows the display of Microsoft Word, which illustrates many
aspects of consistency among applications that run under Windows and across the
various components of the Microsoft Office suite. Icons that appear in the upper-
left and upper-right corners of the window frame are standardized across many
Windows applications; thus, users know where to look for them and what their
functions are at a glance. Similarly, the scrollbar on the right and the zoom in/out
slider and resize handles in the lower-right corner are standard across many
Windows applications. The top menus and toolbars are similar across Word,
PowerPoint, Publisher, and other programs within Microsoft Office. An experi-
enced user of one program learns others more quickly due to these similarities.

Shortcuts

User interfaces and dialogs designed for novices are often an annoyance and
impediment to experienced users’ productivity. Users who work with an applica-
tion repeatedly or for long time periods want shortcuts for frequently used func-
tions, which minimize the number of keystrokes, mouse clicks, and menu
selections required to complete tasks. Examples include voice commands as well
as shortcut keys, such as Windows keyboard sequences Cirl+C for copy and
Ctrl+V for paste. Application designers should use standard shortcuts when
available or build their own.

FIGURE Microsoft Word interface features used in various Windows applications
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Feedback

Every action a user takes should result in some type of feedback from the com-
puter so the user knows the action was recognized. Feedback can take many
forms in a user interface, including:

®  Audible feedback, such as clicking sounds when keys are pressed and beeps
when on-screen buttons are pressed

®  Visible feedback, such as the icon changes shown in Figures 7-4(b) and 7-4(c),
or the progress meter shown during the download of a large file

Feedback provides the user with a sense of confirmation and the feeling that
a system is responsive and functioning correctly. Lack of feedback leaves the
user wondering whether a command or input was recognized or whether the
system is malfunctioning. When subsequent processing is delayed by more than
a second or two, users may repeatedly press controls or reenter information,
resulting in processing errors and user frustration.

Dialogs That Yield Closure

Each dialog should be organized with a clear sequence—a beginning, middle,
and end. Any well-defined task has a beginning, middle, and end, so users’
tasks on the computer should also feel this way. The user can get lost if it is
not clear when a task starts and ends. In addition, users often focus intently on
tasks, so when it is confirmed that a task is complete, the user can clear his or
her mind and get ready to focus on the next task.

If the system requirements are defined initially as events to which the system
responds, cach event leads to the processing of one specific, well-defined activ-
ity. Each use case can be defined as one or more dialogs, each with a flow of
steps and well-defined interactions. Event decomposition sets the stage for dia-
logs with closure.

Error Handling

User errors are a waste of the time to commit and to correct them. A good user-
interface design anticipates common errors and helps the user to avoid them.
One way to do this is to limit available options, presenting the user with only
valid options for a specific point in a dialog. Adequate feedback, as discussed
previously, also helps reduce errors.

When errors do occur, the user interface needs mechanisms to detect then.
Validation techniques discussed later in this chapter are useful for catching
errors, but the system must also help the user correct the error. When the sys-
tem does find an error, the error message should state specifically what is
wrong and explain how to correct it. Consider this error message that occurs
after a user has typed in a full screen of information about a new customer:

The customer information entered is not valid. Try again.

This message doesnt explain what is wrong or what to do next
Furthermore, after this message appears, what if the system cleared the data-entry
form and redisplayed it? The user would have to reenter everything previously
typed but still have no idea what is wrong. The error message didn’t explain it,
and now that the typed data has been cleared, the user cannot tell what might
have been wrong. A better error message would read more like this:

The date of birth entered is not valid. Check to be sure only numeric
characters in appropriate ranges are entered in the Date of Birth field.

The system also should streamline corrective actions. For example, if the
user enters an invalid customer ID, the system should tell the user that this has
occurred and then place the insertion point in the customer ID text box, with
the previously typed number displayed and ready to edit. That way, the user
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can see the mistake and edit it rather than having to retype the entire ID. The
system might also suggest valid values based on past experience or other infor-
mation that the user has already entered.

Easy Reversal of Actions

Users need to feel that they can explore options and take actions that can be
cancelled or reversed without difficulty. This is one way that users learn about
the system—that is, by experimenting. It is also a way to prevent errors; as users
recognize they have made a mistake, they cancel the action. In the game of check-
ers, a move isn’t final untl the player takes his or her fingers off the game piece;
it should be the same when a user drags an object on the screen. In addition,
designers should be sure to include cancel buttons on all dialog boxes and allow
users to go back a step at any time. Finally, when the user deletes something
substantial—a file, a record, or a transaction—the system should ask the user to
confirm the action and, where possible, delay implementing the action.

A key issue in permitting action reversal is structuring dialogs and corre-
sponding system actions. Novice designers and programmers often assume that
user dialog structure and the sequence of corresponding system actions must
precisely correspond. For example, a complex transaction may require several
discrete steps, each of which accepts data from the user and some of which
modify data stored by the system. Although the user dialog should reflect this
structure, internal programming doesn’t always have to process data as it is
received. Instead, it might collect the data as the dialog proceeds and build an
internal “to do” list. When the user completes the final step in the dialog, the
system can then complete processing for the entire dialog at once. If the user
decides near the end of the dialog to cancel the entire sequence, there are no
internal changes to undo. Also, user-interface performance may be improved
because there are fewer potential processing delays between steps.

Reducing Short-Term Memory Load

People have many limitations, and short-term memory is one of the biggest.
Psychologists have demonstrated that people can remember only about seven
chunks of information at a time. User-interface designers should avoid requiring
the user to remember anything from one form to another or from one dialog box
to another during an interaction with the system. If the user has to stop and ask
“What was the filename? The customer ID? The product description?” then the
design is placing too much of a burden on the user’s memory. Memory limita-
tions also apply to steps in a complex process. The interface should help users
keep track of where they are in a complex process via visual cues and other aids.

The Transition from Analysis to
User-Interface Design

The foundation for user-interface design is laid when use cases are identified and
documented, as described in Chapter 3. Use cases that require direct user inter-
action (i.c., interactive use cases) are the starting point for a dialog, and the cor-
responding use case, activity, and system sequence diagrams are the initial
dialog documentation. Interactive use cases may require the user to input
choices and data into the system (such as when making an online order) or may
generate outputs in response to a user request (such as when tracking a ship-
ment). During design, dialogs for interactive use cases are further refined by
developing menus, forms, and other user-interface elements.

Dialog and user-interface design can proceed in either a top-down or
bottom-up fashion. In the top-down approach, menus (groups of related use
cases, dialogs, and user interfaces) are defined first, followed by a detailed
description of ecach interactive use case dialog and development of the related
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user-interface elements. In the bottom-up approach, interactive use cases are pri-
oritized, and related dialogs and user interfaces are developed one at a time.
Menus are added later in the project when related sets of fully implemented
user interfaces are completed. Neither approach is inherently better; either or
both can be a good match for a specific project.

Use Cases and the Menu Hierarchy

Menus are a way of grouping large numbers of related use cases or dialogs within
a user interface. In all but the smallest systems, menus are needed to present the
user with a tractable number of choices per screen, to group related functions
together so users can more casily locate them, and to properly sequence related
interfaces for a complex event decomposition. Figure 7-6 shows two different
menu styles. In Figure 7-6(a), the mouse pointer is positioned over the Shop item
of the upper menu in a Web page. Clicking Shop would display a second Web
page containing another menu. Figure 7-6(b) shows a more complex menu
design, with three menu levels displayed.

How does a designer decide which use cases and user interfaces to include
in which menus, which menus are required, and how many menu levels are
required? These decisions are primarily driven by the number of uses cases or
menu choices and the limits of human cognition. Menus usually contain five
to 10 choices in order to avoid overloading the user (see Figure 7-6(a)). With
careful design, more choices can be provided, especially for experienced users
(see Figure 7-6(b)). For a typical business system, dividing the total number of
interactive use cases by five provides an initial estimate of the number of
menus that include all interactive use cases and allows for additional menu
items, such as setting options or preferences. If the number of menus is greater
than 10, higher-level menus that contain links to other menus are required.
For example, in Figure 7-6(b), the upper menu options, such as File, Home,
and Review, cach link to a second-level menu formatted as a toolbar. Some
choices within the toolbar are links to lower-level menus, such as the displayed
Show Markup menu.

FIGURE Qe Two different menu styles
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TaBLE WA AMO use cases grouped by actor and subsystem

Subsystem Use Case Users/Actors

Sales Search for item Customer, service rep ive,
store sales representative

Sales View product comments and ratings Customer, ¢ service rep
store sales representative

Sales View accessory combinations Customer, service rep
store sales representative

Sales Fill shopping cart Customer

Sales Empty shopping cart Customer

Sales Check out shopping cart Customer

Sales Fill reserve cart Customer

Sales Empty reserve cart Customer

Sales Convert reserve cart Customer

Sales Create phone szle Customer service representative

Sales Create store sale Store sales representative

Order fulfillment Ship items Shipping

Order fulfillment Manage shippers Shipping

Order fulfillment Create backorder Shipping

Order fulfillment Create item return Shipping, customer

Order fulfilment Look up order status Shipping, customer, management

Order fulfillment Track shipment Shipping, customer, marketing

Order fulfillment Rate and comment cn product Customer

Order fulfillment Provide suggestion Customer

Use cases with common actors and event decomposition or that implement
CRUD actions for a specific domain class are good candidates to be grouped
into a single menu or related group of menus. For example, consider the RMO
CSMS use cases shown in Table 7-2. An initial grouping of these cases by actor
and subsystem is a good starting point for menu design.

Table 7-3 shows a grouping of the use cases in Table 7-2 into four menus.
Each menu collects uses cases from one subsystem for a customer or internal
sales representative. The number of menu choices ranges from four to seven,
which won’t overload any one menu and may enable multiple menu levels to
displayed at one time. A dialog design is created for each menu option. After
dialog design proceeds, the designer may redefine the menu options or structure.
In fact, designers often discover missing or incomplete use cases during user-
interface design, which results in a brief return to analysis activities to complete
the documentation.

Menus usually include options that are not activities or use cases from the event
list. Many options are related to the system controls, such as account maintenance
or database backup and recovery, which are discussed later in this chapter. Other
added items include help links as well as links to other menus or subsystems.
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TABLE EK] AMO CSMS use cases grouped into first-cut menus by similar function and user

Menu Description Menu Choices (Use Cases) Iintended User(s)
Shopping cart functions B Search for item Customer
(primary or reserve) B \iew product comments and ratings
B \iiew accessory combinations
B Switch carts (primary to reserve or vice versa)
B Fill shopping cart
B Empty shopping cart
B Check out shopping cart
Sale creation B Search for item Customer service and store sales
B \few product comments and ratings representatives
B \iew accessory combinations
B Create sale
Order shipment B Ship items Customer service and store sales
B Manage shippers representatives
B Create backorder
B Create item return
B | ook up order status
B Track shipment
Customer order control B Lock up order status Customer
B Track shipment
B Create item return
B Rate and comment on product
B Provide suggestion
Dialogs and Storyboards
After identifying all required dialogs, the designers must document the dialogs.
Many options exist; there are no de facto standards. One approach is to list the
key steps followed for the dialog with a written description of what the user and
computer do at each step. The format for writing these steps can follow the
activity diagram described in Chapter 2 or the use case description format in
Chapter 4 or it can be more free form.
Designers can also document dialog designs by writing out how the user
and system might interact if they were two people engaged in conversation.
Sometimes, the designer can go right from the dialog to sketching a series of
screens that make the design more visible. Consider the Check out shopping
cart use case for the RMO CSMS. A dialog between the system and user might
follow this pattern:
SYSTEM: What would you like to do?
UsEr: I'd like to check out.
SYSTEM: Okay. What is your e-mail address or account number?
UsEr: My e-mail address is nwells22@gmail.com.
SYSTEM: Fine. You are Nancy Wells at 1122 Silicon Avenue. Correct?
UsEr: Yes.
SYSTEM: All items in your cart are in stock and can be shipped today.
Because your order subtotal is over $100, you qualify for free
UPS ground shipping (3-5 days). Other shipping options
include next day ($35.00), two day ($20.00), and USPS parcel
post (§11.70, 5-7 days). How would you like your items to be
shipped?
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Uskr: Free UPS ground shipping.

SYSTEM: We have a shipping address on file for you (1122 Silicon
Avenue). Do you want your order shipped to that address?

Uskx: No.

SYSTEM: To what address would you like the order shipped?

Uskr: John Wells, 1612 Jefferson Street NE, Albuquerque, NM 87123,

SYSTEM: Okay, the total charge is $125.56 ($117.90 item subtotal plus

$7.66 sales tax). Shall I charge that amount to your credit card
on file (a Visa with an account number ending in 0899)?

Uskr: Yes.

SysTEM: Your payment has been approved, and your order is being
prepared for shipment. A confirmation e-mail has been sent to
you, and another will be sent with a shipment tracking number
when the order is shipped later today. Can I help you with
anything else?

Uskr: No.

There are many possible implementations of this scenario. Before decid-
ing on a specific implementation, an analyst often uses a technique called
storyboarding sequence of sketches of storyboarding—that is, showing a sequence of sketches of the display screen
the. display screen during: 3 dialog during a dialog. The sketches don’t have to be very detailed to show the basic
design concept. Designers can implement a storyboard with a visual programming
tool, such as Visual Basic, but using simple sketches drawn with a graphics pack-
age can help keep the focus on the fundamental design ideas and avoid biasing the
design to the capabilities of one specific application development tool.

Figure 7-7 shows the storyboard for the dialog based on the Check out
shopping cart use case. The screen formats are primitive though sufficiently
detailed to show all the information presented to and entered by the user. The
storyboard can be reviewed by users and designers to identify missing or extra-
neous information and to discuss various options for final implementation,
which might be based on a Web page shown on a large display, a traditional
Windows dialog, or the user interface for a mobile device app.

User-Interface Design

As computing devices have proliferated, available devices and technologies for
user interfaces have grown more powerful and diverse. Displays range from
large-format, flat-panel monitors used with desktop computers to much smaller
displays on tablets and cell phones. Displays can be supplemented with such
simple sounds as clicks and beeps, music, or speech. User input can be captured
via speech, touch screen, keyboard and mouse, or digital imaging (scanning).

As the range of user-interface technologies has increased, so has the need to
create multiple user interfaces. For example, e-commerce applications typically
have one user interface for desktop and laptop computers with large displays,
another for cell phones with small displays, and sometimes a third for midsized
displays, such as an iPad’s. There may even be variations in the user interface
among similar devices. For example, a user interface intended for a cell phone
might be a generic version designed to run within the phone’s Web browser or
it might be a customized app with different versions for iPhones and Android-
based phones.

Despite user interfaces’ wide range of sizes and capabilities, some of their
features are used on nearly all computing devices. We begin with a discussion
of the common features and then delve into differences.
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Guidelines for Designing Windows and Forms

After identifying dialogs, menus, and forms with a storyboard or another tech-
nique, the system developer can construct the user interface by using one of the
many prototyping tools available. Major issues to consider at this stage of inter-
face design include interface layout and formatting, data keying and entry, and
navigation controls.

Interface Layout and Formatting

High-quality interfaces are well laid out, with the fields casily identified and
understood. One of the best methods to ensure that interfaces are well laid out
is to prototype various alternatives and let users test them. Users will let you
know which characteristics are helpful and which are distracting. As you design
your interfaces, you should think about these:

®  Consistency—All the forms within a system need to have the same look and
feel. Consistent use of function keys, shortcuts, control buttons, color, and
layout makes a system much more useful and professional looking. If
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FIGURE

The RMO home page
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designing for an OS-supported interface (for example, Windows, iPhone, or
Android), follow published guidelines to improve app and form consistency.

B Labels and headings—Labels should also be easy to identify and read. A
clear, descriptive title at the top of the interface helps to minimize confusion
about a form’s use.

®  Distribution and order—Related fields are usually placed next to each other
and can be grouped within a box. Tab order (movement of the cursor or
input focus) should follow the users’ usual reading order (left to right and
top to bottom in the United States and Europe). Blank space should be used
so content is easy to distinguish and read.

®  Fonts and colors—Variations in font face and size can help users distinguish
different parts of the form, but only a handful of font and size variations should
be used for larger screens and as few as possible should be used for small
screens. Too much variation is visually distracting and can cause eyestrain.
Follow similar guidelines for colors. Avoid using too many colors and ensure
that they are complementary. Also, be careful about mixing blue with yellow or
mixing red with green, lest you make it difficult for color-blind users.

Figure 7-8 shows the home page displayed when a customer views the
RMO Web site. The form includes two menu bars near the top that group
related functions within the same part of the page. If the user points to the item
Shop for Clothing, a submenu is displayed immediately below it with a similar
color scheme and font. If the user points to the item Shop for Gear, Shop for
Clothing is displayed in black text against a white background, Shop for Gear
is displayed in white text with a blue background, and the latter’s submenu
items are displayed instead. Labels for the menu items are widely spaced and
use an casy-to-read font. Except for the logo and picture, the page uses a small
number of complementary colors. The title is positioned near the top of the pic-
ture and stands out well from the picture background and other page clements.

Data Entry
Several types of data-entry controls are widely used in user interfaces, including:

B Text box—a rectangular box that accepts text typed on a keyboard or
recognized from speech input. Example: Product ID in Figure 7-9.

®  List box—a text box that contains a list of predefined data values.
Example: Size in Figure 7-9.
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® Combo box—a text box that contains a predefined list of acceptable
entries but permits the user to enter a new value when the list doesn’t con-
tain the desired value.

®  Radio buttons—a group of choices from which the user selects only one;
the system then automatically turns off all other buttons in the group.
Example: Shipping Method in screen #4 of Figure 7-7.

®  Check boxes—similar to radio buttons, but the user can select multiple
items within the group.

These data-entry controls were developed for the Apple Macintosh and later
adopted by Windows and other operating systems. Early Web-browser stan-
dards had limited support for data-entry controls, but current versions support
the controls described previously and many others. iPhone and Android inter-
faces support similar controls.

The form in Figure 7-9 could be used by an RMO employee to look up
information about a product or to modify information in the catalog. Notice
how the title and labels make the form casy to read. The natural flow of the
form is top to bottom, with related fields placed together. Navigation and close
buttons are casily found but aren’t in the way of data-entry activity. The form
uses standard Microsoft Windows controls, including text, list, and combo
boxes. Though not visible in the figure, the form includes features that optimize
it for frequent users, including standard Windows keyboard shortcuts, top-
to-bottom and left-to-right tab order, and autocompletion of some ficlds based
on database lookups and patches to partially entered text.

Navigation and Support Controls

Standard window interfaces provide several controls for navigation and window
manipulation. For Microsoft applications, these controls consist of the
Minimize, Maximize, and Close buttons in the upper-right corner, horizontal
and vertical scrollbars, and so forth (see Figure 7-5 for specific examples). To
maintain consistency across applications, it is a good idea to use built-in or stan-
dardized navigation controls whenever possible.
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FIGURE
Product detail page from AMO's
Web site

Additional Guidelines for Web Browser User Interfaces

Most user-interface designers first learn to develop Web-based interfaces that
operate within a Web browser, such as Internet Explorer, Mozilla, Chrome, or
Safari. As Web technologies and standards have matured, the differences in
capability between browser-based interfaces (e.g., see Figure 7-11) and those
that use operating system support libraries (e.g., see Figure 7-9) have all but
disappeared. In many respects, browser-based interfaces have become more
powerful. Nonetheless, there are some differences that should be considered
when designing Web pages and browser-based forms.

Consistency

Consistency is especially critical within Web sites because most sites contain a
large number of pages that serve many different purposes and audiences. For
example, a typical corporate Web site provides e-commerce functions (e.g., online
ordering), information to investors, directory and public contact information, and
such product information as specifications and manuals. In essence, a corporate
Web site is the gateway to a large collection of systems serving many different
users and tasks. Despite the wide variety of users and tasks, the site as a whole is
a single system that should support a single look and feel and should project a
consistent, appealing, and desirable image for the corporation as a whole.

Most corporations spend considerable resources developing and maintain-
ing their Web pages and cnsuring consistency among them. Thus, user-
interface designers of specific parts of the Web site must operate within the
constraints of a corporate-wide design. Cascading style sheets (CSS) are a
Web page encoding standard, and they enable a Web site designer to specify
parts of a page that will always look the same and parts that will vary by task
or audience. They can also constrain choices within the “variable” parts of
a page, including placement and appearance of toolbars and menus, fonts,
colors, and background images.

Figures 7-10 and 7-11 show additional pages from the RMO Web site that
are displayed as the customer scarches for items and completes an order. The
menus, the outline surrounding detailed content, and the color and font options
are all constrained by CSS. When the user selects menu items or clicks links or
controls, the pages that are displayed reuse these elements to ensure consistent
appearance and user interaction.
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Performance Considerations

Web sites in general and browser-based forms in particular are sensitive to
application design and to the quality of the network connections between the
user’s computing device and the servers that host the site. When a user clicks a
hyperlink or a control that acts like a hyperlink, the browser sends information
entered by the user (if any) to a Web server, along with a request for a new
page. That information traverses multiple networks, is received and processed
by a server, and then the response (a new page to be displayed) is sent back
over the network. The delay between clicking a hyperlink and the display of the
requested page depends on the amount of data to be transmitted, the display
and network connection speed of the user computing device, the capacity of the
networks that carry the messages, and the number of other users and applica-
tions that are competing for that network capacity.

A trade-off exists between the amount of information transmitted between
the user’s computing device and the server and the time it takes for the page to
refresh; the more information that is transmitted, the longer the delay. That
trade-off is especially important for communication over the Internet, although
it is also a significant issue within corporate networks when user desktops and
servers share high-speed connections.

There is also a trade-off between the amount of information and other
data contained within a Web page and a Web-based application’s perfor-
mance. Pages with extensive information content or with embedded program-
ming can avoid or postpone page refreshes. For example, a page containing a
blank order form may be quite small. But many page refreshes will be
required if the browser must interact with the server to validate every input
as the user enters it. If the page containing the form also contains embedded
validation programs, then many server interactions and page refreshes can
be avoided. However, the initial download of the page will take longer
because there is more content and the validation programs may be slow if
the user computing device isn’t very powerful {e.g., a relatively inexpensive
cell phone).

Designers of Web-based user interfaces must perform a careful balancing
act, providing embedded “intelligence” within a page to avoid refreshes but not
overloading page content so as to avoid long delays when the user moves from
page to page. Thorough testing is the best way to ensure that the right balance
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FIGURE
AMO's home page, with three menu
levels
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has been found. For example, in Figure 7-12, the RMO Web page includes the
list of menu items for each of the main menus (e.g., Shop for Clothing) and sub-
menus (e.g., Women’s Apparel). As the user points to menu items, submenu
content appears automatically without the need for a page refresh. Contrast this
to the menu style shown in Figure 7-6(a), where the user must click a menu item
and wait for a new page with the next level menu to be downloaded and dis-
played. The RMO page takes longer to download due to its embedded menu
content and related programming, but it avoids page refreshes and their associ-
ated delays when displaying submenus.

Pictures, Video, and Sound

Web-based interfaces are often preferred for their inherent ability to mix text,
images, and sound. Powerful and compelling interfaces can be constructed, and
they are especially important in customer-facing systems. However, heavy use
of sound and images exacerbates the previously discussed performance issues
and also creates issues of compatibility. The performance implications are most
significant for video and high-resolution still images, which consume large
amounts of network capacity. For example, the background image in Figure 7-8
would require several hundred kilobytes of downloaded data for high-quality
display on a laptop or desktop computer. A smaller image could be substituted
for the smaller screen of a cell phone.

Compatibility issues arise for sound and video because there are so many
ways in which they can be encoded. Most Web browsers rely on add-on compo-
nents (sometimes called plug-ins) to play sounds and music and to display video.
Unfortunately, all plug-ins don’t work with all browsers, particularly older
browser versions. Thus, Web site designers must carefully choose which formats
and plug-ins will be used. In many cases, designers must create different pages
for different plug-ins and write complex programs to query browsers for which
plug-ins are present so the proper page can be downloaded.

Users with Disabilities

Designers of all user interfaces must be sensitive to the special needs of persons
with disabilities. Because the Web is such a fundamental resource in the modern
world, standards have been developed to ensure maximal usability for those who
are visually impaired or have limited dexterity. Visually impaired users typically
interact with Web pages via text-to-speech software that examines the content of

heat iy e sapgeessad o e eBock andlor cCMpeens)
it o8 20y €T f subsequen Fighvs peATICtoES roquire i

https://jigsaw.vitalsource.com/api/v0/books/9781133713371/print?from...



Systems Analysis and Design in a Changing World, 6e https://jigsaw.vitalsource.com/api/v0/books/9781133713371/print?from...

CHAPTER 7 M Designing the User and System Interfaces 207

a web page and reads it aloud. Users with limited dexterity often used voice-
recognition software to navigate through elements in a page and perform tasks
normally done with a keyboard, mouse, or touch screen. Both types of software
assistive technologies  software (such are examples of a general software class called assistive technologies.
as text-t-speech and voice-fecognition utiities} The World Wide Web Consortium (W3C) is an organization that sets
tat adapts user interfaces (o the special reeds  gpandards for many aspects of the Web, including compatibility with assistive
of gersons Wiy dasbaiten technologies. As of June 2010, it has published a working draft of the User Agent
Accessibility Guidelines (UAAG), version 2.0. Although the draft hasn’t received
final approval as of this writing, many organizations use its guidelines or those of
carlier standards to guide the development of their Web-based user interfaces.

Additional Guidelines for Handheld Devices

Designing Web and app-based user interfaces for handheld devices presents
additional design challenges, including:

B Small screen size

B Small keyboards and touch screens
B Limited network capacity

®  App design guidelines and toolkits

As of 2012, the size of a typical mobile phone screen is approximately
3.5 x2.25 inches and approximately 480 x 320 pixels. The small screen area
provides relatively limited space in which to display content. Thus, designers
must parc down the user-interface content to ensure readability and to avoid
cluttering the screen. Figure 7-13 shows a sample mobile RMO Web page.
Compared to the larger Web pages shown earlier, the mobile page climinates
many clements, including all images except a scaled-down logo. The remaining
textual content is abbreviated, and special attention has been paid to contrast
and layout in order to ensure maximal readability.

Small keyboards and touch screens also provide limited capabilities for user
input. Mobile device user interfaces must avoid detailed textual input whenever
possible and must provide touch controls that are well spaced and casy to
locate. On many phones, speech-to-text capabilities provided by the phone’s
operating system can be used to streamline data entry and navigation, although
the state of this technology still makes errors relatively common. Thus, designers
must not rely too heavily on speech recognition and must ensure that errors are
casily detected and corrected.

As of 2012, most mobile phones include connectivity through cell phone
networks and Wi-Fi. Most current cell phone networks, described as third-

RMO Web page layout for a
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Women's Apparel
Men’s Apparel
Kids® Apparel
Footwear
Accessories
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generation (3G) networks, were originally designed for voice communication,
with data communication grafted on as an afterthought. The throughput for 3G
networks is usually no more than one-tenth the throughput of a Wi-Fi network.
In 2010, deployment of 4G networks began in the United States. 4G networks
increase data throughput to approximately that of Wi-Fi, although many users
compete for access to that bandwidth.

Because mobile phone data throughput is much more limited than for other
computing devices, the performance issues described carlier become much more
significant design constraints. Page sizes must be limited to achieve acceptable
download and page-refresh rates. High-resolution graphics are used only when
absolutely necessary, and bandwidth-consuming video is typically avoided
entirely. For RMO’s mobile Web site, background graphics are completely
avoided and high-resolution images are only used when a customer wants to
view product details.

Some organizations deploy custom-developed apps that users can install on
their mobile devices. Those apps run within a mobile operating system, such as
the iPhone OS, iPad OS, or Google Android OS. Each OS provides a toolkit for
user-interface developers and a set of development guidelines that ensure maxi-
mal compatibility among apps. Whenever possible, user-interface developers
should use these toolkits and guidelines.

Identifying System Interfaces

The user interface includes inputs and outputs that directly involve system
users. But there are many other system interfaces that process inputs, interact
with other systems in real time, and distribute outputs with minimal human
intervention. We define systems interfaces broadly as any inputs or outputs
with minimal or no human intervention. Included in this term are displayed
and printed outputs for people, such as billing notices, reports, printed
forms, and electronic outputs to other automated systems. Inputs that are
automated or come from nonuser-interface devices are also included. For
example, inputs from automated scanners, bar-code readers, optical character
recognition devices, and other computer systems are included as part of a
system interface.

The full range of inputs and outputs in an information system is illustrated
in Figure 7-14 and described here:

®  Inputs from and outputs to other systems—These are direct interfaces with
other information systems, normally formatted as network messages.
Electronic data interchange (EDI) and many Web-based systems are inte-
grated with other systems through direct messaging. For example, in
RMO’s integrated supply chain management system and its customer sup-
port system, the arrival of inventory items from a supplier might trigger the
shipment of a back-ordered item to a customer.

®  Highly automated inputs and outputs—These are captured by devices
(such as scanners) or generated by persons who start a process that pro-
ceeds without further human intervention. For example, an item in a
warchouse might pass a bar-code scanner that records its location as it
moves by on a conveyor belt. Also, monthly statements can be printed
and mailed through highly automated systems that place the statements
within envelopes, apply postage, presort them by ZIP code, and batch
them for delivery to the post office.

®  Inputs and outputs to external databases—These can supply input to or
accept output from a system. EDI messages are more commonly used, but
direct interaction with another system’s database may be more efficient. For
example, RMO’s purchasing system could directly place product orders into
a supplier’s database.
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FIGURE The full range of inputs and outputs in an information system

Our system

External system
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data entry queries and reports

One of the main challenges of EDI is defining the format of the transac-
tions. For example, General Motors—one of the early users of EDI—has thou-
sands of suppliers and thousands of different transaction types, each in a
different format. To complicate the situation further, cach of these suppliers
may be linked via EDI with tens or hundreds of customers, many of whom may
also use EDL. So, a single type of transaction may have a dozen or more defined
formats. It is easy to see why it is so costly to set up and maintain EDI systems.
Even so, EDI is much more cfficient and effective than paper transactions, which
must be printed and reentered.

Extensible Markup Language Modern EDI messages are generally formatted in Extensible Markup
(XML)  extension of HTML that embeds Language (XML). XML is an extension of HI'ML that embeds sclf-defining
ﬁ;’;f‘l’"g data structres within textual data structures within textual messages. So, a transaction that contains data fields

" can be sent with XML codes to define the meaning of the data fields. Many

newer systems are using XML to provide a common system-to-system interface.
; Figure 7-15 illustrates a simple XML transaction that can be used to transfer
XML tags character sequences (such as i z
s e Wl TG customer information between systems. Data are surrounded by XML tags, such
beginaing, end, and meaning of the taxt as <name> and </name>, that define the beginning, end, and meaning of the text
that agpears between them that appears between them.
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FIGURE

Customer information formatted as <customer record>

an XML message RMO10989</, >
<name>William Jones</name>
<billingAddress>

<street>120 Roundabout Road</street>
<city>Los Angeles</city>
<state>Ci</state>
<zip>98115</zip></billingAddress>
<shippingAddress>
<street>120 Roundabout Road</street>
<city>Los Angeles</city>
<state>CA</state>
<zip>98115</zip></shippingAddress>
<dayPhone>215.767.2334</dayPhone>
<nightPhone>215.899.8763</nightPhone>
</customer record>

XML is called an extensible language because users can define any tags
they want to use. For XML-based EDI, both systems must recognize the
tags, but after a complete set of codes is established, transactions can include
many different formats and still be recognized and processed. Many indus-
tries and professional organizations have standards committees that define
tags used for EDL

Designing System Inputs

When designing inputs for a system, the system developer must focus on three
arcas:

®  [dentifying the devices and mechanisms that will be used to enter input

®  Identifying all system inputs and developing a list with the data content of
cach

B Determining what kinds of controls are necessary for each system input

Automated Input Devices
The primary objective is to enter or update error-free data into the system. The
key term here is error-free. Several good practices can help reduce input errors:

B Use clectronic devices and automatic entry whenever possible.

®  Avoid human involvement as much as possible.

B |f the information is available in clectronic form, use that instead of reenter-
ing the information.

®  Validate and correct information at the time and location it is entered.

Automating data entry and avoiding human involvement are essentially differ-
ent sides of the same coin, although using clectronic devices doesn’t automatically
avoid human involvement. When system developers think carefully about minimiz-
ing human input and using clectronic input media, they can design a system with
fewer electronic input forms and avoid one of the most pervasive sources of input
error: typing mistakes by users. Here are some of the more common devices used
to avoid human keystroking:

®  Magnetic card strip readers
B Bar-code readers
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Optical character recognition readers and scanners
Radio-frequency identification tags

Touch screens and devices

Electronic pens and writing surfaces

Digitizers, such as digital cameras and digital audio devices
Specch-recognition software

The next principle of error reduction is to reuse the information already
captured in automated form whenever possible. For example, consider the
automated airline check-in process for customers without checked baggage.
The customer swipes a credit card or driver’s license, and the system
queries its own database or an external database to identify the customer
and retrieve the reservation information. The retrieved information is dis-
played to the customer for confirmation. Because the retrieved information
is almost always correct, the task of data entry is reduced to a card swipe
and the press of a button on a touch screen, eliminating manual data entry
and its associated error rate. If the displayed data is incorrect, the final
principle of error reduction is applied by having the customer directly enter
corrected data.

Defining the Details of System Inputs

The fundamental approach that analysts use to identify user and system inputs
is to search documents developed during analysis activities for information
flows that cross the system boundary. The analyst examines system sequence
diagrams to identify the incoming and outgoing messages for cach activity
or use case, and the design class diagrams to identify and describe the data
content.

Figure 7-16 is a partial system sequence diagram for an object-oriented ver-
sion of a payroll system. Various use cases have been combined to consolidate
the major inputs on a single diagram. The messages that cross the system
boundary identify inputs—system inputs and user-interface inputs. Three inputs
cross the system boundary:

®  updateEmployee (emplD, emplnformation)
B ypdateTaxRate (taxTableID, ratelD, ratelnformation)
®  inputTimeCard (emplD, date, hours)

The first input is part of a user interface. The other two inputs are from
external systems and don’t require user involvement. The information from
the tax bureau can be sent as a set of real-time messages or in the form of
a downloaded input file. The time card information could come into the
system in various formats. Perhaps physical time cards are entered via an
electronic card reader. Or an input from a subsystem, such as an electronic
employee ID card reader, might send time card information at the end of
every workday. These last two input messages need to be precisely defined,
including their transmission methods, contents, and formats. The point to
note here is that a sequence diagram provides a detailed perspective of the
user and system inputs to support the use case and the corresponding busi-
ness event.

Designing System Outputs

The primary purpose of system outputs is to present information in the right
place at the right time to the right people. The tasks in this activity focus on
four areas:

B Determining the type of cach system output
B Making a list of required system outputs based on application design
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FIGURE

Partial system sequence diagram for

payroll system use cases
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B Specifying any necessary controls to protect the information provided in the
output
B Designing and prototyping the output layout

The purpose of the first two tasks is to evaluate the various alternatives and
design the most appropriate approach for each needed output. The list of
required system outputs is normally specified during the analysis activities as
part of modeling system requirements. During design, the task is to coordinate
the production of those outputs with the methods that are identified during the
application architecture design.

The third task ensures that the designer evaluates the value of the informa-
tion to the organization and protects it. Frequently, organizations implement
controls on the inputs and system access but forget that output reports often
have sensitive information.

As with system inputs, outputs are indicated by messages in sequence dia-
grams that cross the system boundary—originating from an internal system
object and flowing to an external actor. Qutput messages that are based on an
individual object (or record) are usually part of the methods of that object
class. To report on all objects within a class, a class-level method is used. A
class-level method is a method that works on the entire class of objects, not a
single object. For example, a customer confirmation of an order is an output
message that contains information for a single order object. However, to pro-
duce a summary report of all orders for the wecek, a class-level method looks at
all the orders in the Order class and sends output information for cach one
with an order date within the week’s time period.
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detailed reports regorts that contain
specific information on business transactions

summary reports reports that summa-
fize detail o« recap periodic activity

exception reports regons that provide
details or summary information about transac.
ticns or operating results that fafl outside a
predefined normal range of values

executive reports reooets used by high-
level managers 1o assess overall organizational
health and performance

internal outputs  epocts or other outputs
produced for use within the organization

external outputs repes or other olt
puts produced foe use by people outside the
organization

turnaround documents  external out-
puts that includes one or move parts intended to
be returned with new data o information
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Designing Reports, Statements, and Turnaround Documents
Modern information systems have made information much more widely
available, with a proliferation of all types of reports—paper and clectronic.
One of the major challenges organizations face today is to organize the over-
whelming amount of information in order to support managerial decision-
making. One of the most difficult aspects of output design is to decide what
information to provide and how to present it to avoid a confusing mass of
complex data.

Report Types

There are four types of output reports commonly provided by an information
system:

B Detailed reports—These contain specific information on business
transactions—for example, a list of all overdue accounts, with each line of
the report presenting information about a particular account. A credit
manager could use this report to research overdue accounts and determine
actions to collect past-due amounts,

®  Summary reports—These are often used to recap periodic activity. An
example of this is a daily or weekly summary of all sales transactions, with
a total dollar amount of sales. Managers often use this type of report to
track departmental or division performance.

B  Exception reports—These provide details or summary information about
transactions or operating results that fall outside of a predefined normal
range of values. When business is progressing normally, no report is
needed. For example, a f: ization might produce a
report that lists parts that fail quality control tests more than 0.2 percent
of the time.

B Executive reports—These are used by high-level managers to assess over-
all organizational health and performance. They thus contain summary
information from activities within the company. They might also show
comparative performance with industry-wide averages. Using these reports,
executives can assess the competitive strengths or weaknesses of their
companies.

turing or
g OrIg;

Internal versus External Outputs

Printed outputs are classified as cither internal outputs or external outputs.
Internal outputs are produced for use within the organization. The types of
reports just discussed fall under this category. External outputs include state-
ments, notices, and other documents that are produced for people outside the
organization. Because they are official business documents for an outside audi-
ence, they need to be produced with the highest-quality graphics and color.
Examples include monthly bank statements, late notices, order confirmation
and packing slips (such as those provided to Ridgeline Mountain Qutfitters’ cus-
tomers), and legal documents (such as insurance policies). Some external outputs
are referred to as turnaround documents because they are sent to a customer
but include a tear-off portion that is returned for input later, such as a bill that
contains a payment stub to be returned with a check. All these printed outputs
must be designed with care, but organizations have many more options for
printed output. Today’s high-speed color laser printers enable all types of
reports and other outputs to be produced.

An example of a detailed report for an external output is shown in
Figure 7-17. When a customer places an order on the Web, the system will
be able to print the order information as a confirmation. Of course, a user
can always print the Web screen display by using the browser’s print capabil-
ity, but doing so is time consuming because it includes all the graphics and
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FIGURE RMO shopping cart order report

Ridgeline Mountain Outfitters—Shopping Cart Order

s wesess:
ITFITTERS
Customer Name:  Frad Westing Order Number: 4873064
Customer Number; 6747222 Today's Date:  May 18, 2013
Shipping Address: Billing Address:
836 N Swivel Srrest 936 N Swivel Street
Hidlle, Ohio 58222 Hilvite, Ohio 50222
Extendee
aly  Produstio Deseripticn Size Cokw  Price Price
1| 458238WL Jordan Men's Jumpman Team J 12 Wnite/ Light Blce | 511950 $110.90
1 Ba78270P Waoclrich Men's Backpacwer Shirt 0 Oumeal Pad 1 $4158
2 | B7594255H | Nike DA - Fit Shirt M Back $30.00 $2000
1 585864208 Puma Hiking Sharts L Tan $1500 $1500
S 523638
Shepny S0
Shipping Information: Payment Information: L2 B
T | S25673
Sripping Method: Normal 7-10 cay American Expross [] Meatercare (] visa X1 piscover [
Shipping Company:  UPS Azount Numbe:
megnnsn. Tommnvasnat | | [ fe] TR BB EEL ovn
Emall Addrues: FrecwasI@act.com e
Tapirascn Date b

Thank you for your orcer, It s 2 pleasure o serve you.
Chock tick neat waek for sonciln!!

index links on the page. It is much more user friendly to provide shoppers
with a “printer friendly” order confirmation in addition to a Web-based dis-
play, as shown in Figure 7-11.

Figure 7-18 is an cxample of an internal output based on inventory
records. The report includes detailed and summary sections, although the figure
doesn’t show the summary section. A control break is the data item that divides
the detailed section into groups. In this example, the control break is on the
product item number—<alled ID on the report. Whenever a new value of the ID
is encountered on the input records, the report begins a new control break sec-
tion. The detailed section lists the transactions of records from the database,
and the summary section provides totals and recaps of the information. The
report is sorted and presented by product. However, within each product is a
list of each inventory item showing the quantity currently on hand.

External outputs can consist of complex, multiple-page documents. A
well-known example is the set of reports and statements that you receive with
your car insurance statement. This statement is usually a multipage document
consisting of detailed automobile insurance information and rates, summary
pages, turnaround premium payment cards, and insurance cards for cach auto-
mobile. Another example is a report of employment benefits, with multiple
pages of information customized to the individual employee. Sometimes, the
documents are printed in color, with special highlighting or logos. Figure 7-19
is one page of an example report for survivor protection from an employee
benefit booklet. The text is standard wording, and the numbers are customized
to the individual employee.
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rieure EEREE] AMO inventory report

fe
Ridgeline Mountain Outfitters — Products and ltems DUTHTTERS
1D Season Category Supplier Unit Price Special Price Discontinued
RAMO12587  Sprifall Mens C 8201 $39.00 $34.95 No
Description Outdoor Nylon Jacket with Lining
Size Color __Style Units in Stock Reorder Level Units on Order
Small Blue 691 150
Green 728 150
Red 569 150
Yellow 827 150
Medium Blue 722 150
Green 756 150
Red 698 150
Yellow 590 150
Large Blue 1289 150
Green 1455 150
Red 1329 150
Yellow 1370 150
Xiarge  Blue 1498 150
Green 1248 150
Red 1266 150
Yellow 1322 150
1D Season Category Supplier Unit Price Special Price Discontinued
RAMO28497 All Footwe 7993 $49.95 $44.89 No
Description Hiking Walkers with Patterned Tread Durable Uppers
Size Color e Units in Stock Reorder Level Units on Order
7 Brown 389 100
Tan 422 100
8 Brown 597 100
Tan 521 100
9 Brown 633 100
Tan 654 100
10 Brown 836 100
Tan 954 100
1 Brown 862 100
Tan 792 100
12 Brown 754 100
Tan 788 100
13 Brown 830 100
Tan 921 100

Electronic Reports

Organizations use various types of electronic reports, each serving a different
purposc and cach with its respective strengths and weaknesses. Electronic
reports provide great flexibility in the organization and presentation of informa-
tion. In some instances, screen output is formatted like a printed report but
displayed clectronically. However, electronic reports can also present informa-
tion in many other formats. Some have detailed and summary sections, some
show data and graphics together, others contain boldface type and highlighting,
others can dynamically change their organization and summaries, and still
others contain hotlinks to related information. An important benefit of elec-
tronic reporting is that it is dynamic; it can change to meet the specific needs
of a user in a particular situation. In fact, many systems provide powerful
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FIGURE A sample employee benefit report

Survivor Protection

In the event of your death while working for a participating emp

could receive:

your desi;

Lump Sum Benefits
$50,000 Basic Life Insurance
$230,000 Supplemental Life Insurance
$148,677 Thrift Plan
$31,686 Tax Sheltered Annuity (TSA) Plan
$255 Social Security for your eligible dependents

$460,618 ‘lotal*

You have not elected Universal Life Insurance. If you would like more information on this plan, please

call 1-800-555-7772.

*Refer to page 7 for additional information on the amount of coserage needed 10 provide ongoing replacement income

Accidental Death Benefits
1f your death is due to an accident, your designated beneficiaries will recelve the above benefits plus:

$100,000 24-Hour
$100,000 O i

idental Death and Di b 1
p | Accidental Death and Di b
Insurance, if the accident is work related

Monthly Death Benefits
1f you dic before receiving the Master Retirement Plan benefits and you are vested and have a surviving
spouse, your spouse may be eligible for a Qualified Pre-Retirement Survivor Annuity.

In addition, your family may be eligible for the following estimated monthly benefits from Social
Secunty, not to exceed a maximum of $2,591 based on:

$1,110  for each child under age 18
$1,110 for a spouse with children under age 16; or
$1,058 for a spouse age 60 or older

drill down  user-interface design technique
that enables a user to select summary infor-
mation and view supporting detail

ad hoc reporting capabilities so users can design their own reports on the fly.
For example, an electronic report can provide links to further information.
One technique, called drill down, allows the user to activate a “hot spot
hyperlink™ on the report, which tells the system to display a lower-level report
that provides more detailed information. For example, Figure 7-20 contains a
monthly sales summary. The report provides sales totals grouped by product
category and season. However, if the user clicks the hotlink for any season, a
detailed report pops up with more detailed sales data.

Another variation of this hotlink capability lets the user correlate informa-
tion from one report to related information in another report. Most people are
familiar with hotlinks from using their Internet browsers. In an electronic
report, hotlinks can refer to other information that correlates or extends the
primary information. This same capability can be very useful in a business
report that, for example, links the annual statements of key companies in a
certain industry.

Another dynamic aspect of electronic reports is the capability to view the
data from different perspectives. For example, it might be beneficial to view sales
commission data by region, by sales manager, by product line, or by time period
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FIGURE AMO summary report with drill down to the detailed report

Monthly Sales Summary
Year 2013 Month  January
Category Season Web Telephone Mail Total
Code Sales Sales Sales Sales
Footwear Al $ 289,323 $ 1347878 § 540,883 $ 2178,084
Men's Clothing  Spring $ 1768454 $ 2879243 § 437,874 $ 4691484
Summer 213,938 387,121 123,590 724,649
Fall 142,823 129,873 112,234 384,930
Winter 2,980,489 6,453,896 675,290 10,109,675
All 239 729 4,897,235 349,234 7,086,198
Totals 4747368 § 1,698,222 $ 23,391,023
Women's Spring 985610
Clothing Summer
Fall
Winter
Al
Totals
Monthly Sales Detail
N — Year 2013 Month January Category Men'sClothing Season  Winter
Product Product Web Telephone Mail Total
D Description Sales Sales Sales Sales
RMO12987  Winter Parka $1490,245 $ 3226948 $ 337640 $ 5054833
BMO13788  Fur-Lined Gloves 149,022 322,695 33,765 505,482
RAMO23788  Wool Swealer 596,097 1,290,775 135,058 2,021,930
RMO12980 Long Underwear 298,050 645,339 68,556 1,003,005
AMO32998  Fleace-Uined Jackel 447,075 1,258,079 100,271 1,805,425
Total $2980489 $ 6743836  §$ 675200 $10,394,615

or to compare the current data with last season’s data. Instead of printing all
these reports, you can use an electronic format to generate the different views as
needed. Sometimes, long or complex reports include a table of contents, with
hotlinks to the various sections of the report. Some report-generating programs
provide an electronic reporting capability that includes all the functionality found
on Web pages, including frames, hotlinks, graphics, and even animation.

Graphical and Multimedia Presentation

The graphical presentation of data is one of the greatest benefits of the informa-
tion age. Tools that permit data to be presented in charts and graphs have made
information reporting much more user friendly for printed and electronic for-
mats. Information is being used more and more for strategic decision-making as
businesspeople examine their data for trends and changes. In addition, today’s
systems frequently maintain massive amounts of data—much more than people
can review. The only effective way to use much of this data is by summarizing
and presenting it in graphical form. Figure 7-21 presents a pie chart and a bar
graph—two common ways to present summary data.

Multimedia outputs have become available recently as multimedia tool
capabilities have increased. Today, it is possible to see a graphical (possibly ani-
mated) presentation of the information on a screen and have an audio descrip-
tion of the salient points. Combining visual and audio output is a powerful way
to present information. (Of course, video games are pushing the frontier of vir-
tual reality to include visual, audio, tactile, and olfactory outputs.)
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FIGURE Sample pie chart and bar graph reports

Men's Clothing Sales - January 2013

Men’s Clothing Sales by Season - January 2013

Fall

Spring  Summer

https://jigsaw.vitalsource.com/api/v0/books/9781133713371/print?from...

B Web Sajes
[ Teiephone Sales
. Store Sales

B web Saies
[ Telepnone Sales
. Store Sales

Winter

As the design of system outputs progresses, it is beneficial to evaluate the var-
ious presentation alternatives. Reporting packages can be integrated into the sys-
tem to provide a full range of reporting alternatives. Developers should carefully
analyze cach output report to determine the objective of the output and to select
the form of the output that is most appropriate for the information and its use.

Chapter Summary

Inputs and outputs can be classified as system interfaces or
user interfaces. The user interface is everything the user
comes into contact with while using the system—physically,
perceptually, and conceptually. There are many different
ways to describe the user interface, including the desktop
metaphor, the document metaphor, and the dialog meta-
phor. Dialog design starts with identifying dialogs based
on activities or use cases. A storyboard showing sketches
of screens in sequence can be drawn to convey the design
for review with users, or prototypes can be created using a
tool such as Visual Basic. The object-oriented approach
provides UML models that can document dialog designs,
including sequence diagrams, activity diagrams, and class
diagrams.

Each screen and form used in a dialog needs to be
designed, and there are guidelines for the layout, selection

of input controls, navigation, and help. These guidelines
apply to windows forms and to browser forms used in
Web-based systems. Designing a dialog for a Web site is
similar to creating any other dialog, except users need
more information and more flexibility. Additional Web
design guidel apply to designing for the computer
medium, designing the whole site, and designing for the
user. In addition, because a Web site reflects the com-
pany’s image to customers, graphic designers and market-
ing professionals should be involved.

When designing system inputs, the developer identi-
fies the input devices and identifies all system inputs and
lists the data content of each. To develop a list of the
inputs to the system, designers use sequence and design
class diagrams. The process to design the outputs from
the system consists of the same steps as for input design.
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Key Terms

Review Questions

1.

2s

~

oe

Problems and Exercises

1.

2.

Why is interface design often referred to as dialog
design?

What are the three aspects of the system that make
up the user interface for a user?

. What are some examples of the physical, percep-

tual, and conceptual aspects of the user interface?

What are the three metaphors used to describe
human-computer interaction?

. A desktop on the screen is an example of which of

the three metaphors used to describe human-
computer interaction?

. What type of document allows the user to click a

link and jump to another part of the document?

. List and briefly describe four guidelines for interface

layout and formatting that apply to all types of user
display and input devices. What additional guide-
lines apply to Web sites/pages and user interfaces
for mobile computing devices?

. What is the technique that shows a sequence of

sketches of the display screen during a dialog?

Think of all the software you have used. What are
some examples of ease of learning conflicting with
case of use?

Visit some Web sites and then identify all the con-
trols used for navigation and input. Are they all
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9.

10.

11.
12.

13.

14.

15.

16.

3.

What UML diagram can be used to show how the
interface objects are plugged in between the actor
and the problem domain classes during a dialog?
What are some of the input controls that can be
used to select an item from a list?

What two types of input controls are included in groups?
What popular analogy is used for direct customer
access with a Web site when customers shop online?
What does XML stand for? Explain how XML is
similar to HTML. Also discuss the differences
between XML and HTML.

How do you identify the data fields of a system
interface by using UML and the object-oriented
approach?

What are the different considerations for output
screen design and output report design?

What is meant by drill down? Give an example of
how you might use it in a report design.

. What is the danger from information overload?

What solutions can you think of to avoid it?

obvious? Discuss some differences in visibility and
affordance among the controls.

A common maxim for designing a man-machine
interface is that it is better to change the machine
than to try to change the human to accommodate
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the machine. Are there machines (or systems) that
you use in your daily life that have room for
improvement? Are the current generations of
Windows PC and Apple Mac as usable as they
might be? If not, what improvements can you sug-
gest? Is the World Wide Web as usable as it might
be? If not, what improvements can you suggest? Are
we just beginning to see some breakthroughs in
usability, or have most of the big improvements
already been made?

4. Download and install App Inventor from Google.
Use it to develop a prototype interface that imple-
ments the storyboard in Figure 7-7.

5. Evaluate the course registration system at your
university. List the basic steps of a user’s dialog
with the system. What are some of the problems
with the system from the perspective of case of
learning and ease of use? In what ways is the system

Case Study

Video Rental Service

Develop a storyboard that encompasses the following
sample dialcg. The system supports rental and download
of movies or television shows to & computer or digital
video recording and playback device. A dialog between
the system and user might follow this pattern:

SysTem: What would you like to do?

Usen: I'd like to rent a movie.

SysEm: Okay. What is your e-mail address or
account number?

Usen: My e-mail address is nwells22@gmail.com.

SysTEm: Fine. You are Nancy Wells at 1122
Silicon Avenue. Correct?

Usen: Yes.

SysTEn: What movie do you want to rent?

Uskn: Titanic.

SYSTEM; | have two available movies named Titanic.

The first was released in 1953 and stars
Barbara Stanwyck and Clifton Webb. The

https://jigsaw.vitalsource.com/api/v0/books/9781133713371/print?from...

inflexible? In what ways is needed information not
available? Is too much information provided that
distracts from the task at hand?

6. Evaluate the online catalog system at your univer-
sity library. Write a dialog that shows the interac-
tion between the user and the system. Rewrite the
dialog to improve it. Create a storyboard to show
how your design would look and feel.

7. Find a Web site with direct customer ordering. Browse
through some product descriptions and note the
design of the dialog and the Web pages. What do you
like and dislike about the design? Evaluate the Web
site based on visibility and affordance. Does the site
achieve an optimal balance between the number of
page refreshes and the delay between page refreshes?
Would your answer change if you were using a
different computing device, a different network, or
accessing the system at a different time of day?

second was released in 1997 and stars
Leonardo DiCaprio and Kate Winslet. Which
do you want to rent?

Usea: Both.

Sysmem: Fine. That is Titanic (the 1953 release) with a
rental charge of $2.99 for seven days and
Titanic (the 1997 release) with a rental charge
of $5.99 for seven days. Would you like to

add more rentals?
Uszn: That's all.
Svstem: Okay. The total charge is $8.98. Shall |

charge that amount to your credit card file
(a Visa with an account number ending in

0899)?
Usen: Yes.
SvsTen: Your movies are downloading to your

computer now. They will expire gt midnight
seven days from now,

Uszr: Okay. Thanks.
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RUNNING CASE STUDIES

Community Board of Realtors

One of the key use cases for the multiple listing service
system is Create new listing, where the realtor enters
all the important information about a new listing he or
she has obtained. Realtors want to be able to create a
new listing as soon as possible so other realtors and
potential buyers will find the listing online. Some like
to enter the information while talking with the owner
or while inspecting the property. Realtors are rarely in
their offices these days, so being able to create a new
listing on a mobile device is a key feature of the mult-
ple listing service system.

On the Spot Courier Services

Review the case description and your solution for the
Web scenario of the use case Reguest package pickup
from Chapter 5. Then, using a presentation tool, such as
Microsoft PowerPoint or Apple Keynote, create a story-
board of the Web pages necessary to support the use case.

The case description in Chapter 5 also identified
a new use case, which we can call View scheduled
pickupsideliveries. Based on current technology, write
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Consider the information that must be entered
when creating a new listing, and list the dialog steps
that are necessary. Keep in mind that when designing
for a smartphone, less information can be entered in
cach step compared to a full screen Web application.

Also keep in mind that typing is error-prone and awk-
ward for many users, so think about opportunities to use
check boxes, radio buttons, and list boxes to aid selection.
Create a storyboard of this use case for a mobile device,
showing each step of the dialog that maximizes the use of
check boxes, radio buttons, and list boxes.

a dialog showing how this might be supported with
a portable digital device. You may use any current
technology that you deem applicable, such as GPS
tracking, map and directions software, and real-time
updates of pickup locations. Consider the possibility
that the driver may want to get an overview of his or
her stops for the entire run, view the next few stops, or
just get directions to the next stop.

The Spring Breaks ‘R’ Us Travel Service

The Spring Breaks R Us social networking subsystem
requires an intuitive and engaging user-interface design
for mobile devices. But the social networking subsystem
can also play an important role in resort security. For
example, each resort could use traveler location, interests,
activities, and “likes”—all of which are available through
the application—to monitor the well-being of travelers
staying at the resort. Most spring break travelers are
young, and their parents are concerned about their
safety—particularly at isolated resorts in foreign coun-
triecs. SBRU and the participating resorts could keep
track of where travelers are and who they are near, moni-
tor messages about activities and parties, and anticipate
crowded conditions or vulnerable travelers wandering
off-site. Alerts could notify security if conditions veer
away from normal or if messages indicate there are pro-
blems. For example, if the pool is overcrowded, some
action can be taken. If messages refer to places off-site

that are known to be dangerous, security can make an
extra patrol. Although many people find this use of
private information objectionable, others—particularly
parents—find it essential.

Imagine resort security with a large, wide-screen
monitor tracking traveler activities. Design a main screen
that includes multiple locations, paths and roads, traveler
location and status, messages traveling from traveler to
traveler, and other features that security should monitor.
Create a storyboard that shows an example of a pop-up
alertand a menu of options that security might select after
an alert. Should you also show security the staff mem-
bers’ locations and status? How about clicking security
staff members to send them a message? How about click-
ing a location to turn up the lights or to close a security
gate? Be creative as you think through the design possi-
bilities. You should include four or five screen layouts for
the storyboard.

{continued on page 222)
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(continued from page 221)
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Sandia Medical Systems Real-Time Glucose Monitoring

Developers have made these choices regarding format
and transmission methods between the cell phone app
and server-based software components:

B Glucose-level readings within a normal range will
be sent to the server once per hour as XML mes-
sages via secure HTTP. Because glucose levels are
stored every five minutes by the cell phone app, a
normal message to the server will contain 12 glu-
cose levels and time stamps. If more than two
glucose levels in a row are outside the normal
range, the cell phone app will transmit them to the
server immediately.

B Physicians and other medical personnel will initi-
ate direct contact with a patient via text message,
voice message, or real-time voice call.

®  Changes to alert conditions and updates to soft-
ware will be sent from the server to a patient’s cell
phone app as XML messages. The XML messages

Further Resources

will be sent immediately after the cell phone app
has transmitted glucose levels to the server.

No industry group has yet defined XML tags suit-
able for the RTGM application. Thus, designers must
develop appropriate tags for this application.

If you aren’t already familiar with XML, do at
least 30 minutes of background research on the Web.
Refer to the class diagram in the Chapter 4 RTGM
case to determine required data content. Then, design
XML tags and message formats suitable to transmit
time-stamped glucose levels from the cell phone app
to the server and to transmit updated alert conditions
from the server to the cell phone app.

If medical personnel choose to send a text message
to the patient, how will the server transmit that mes-
sage? To help answer that question, research Short
Message Service (SMS), Enhanced Messaging Service
(EMS), and SMS gateways.
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